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Abstract:

We evaluated the wvertical distribution of organic matter promoted by
construction and maintenance of Uca thayeri biogenic sedimentary structures. By
integrating field and laboratory approaches, we estimated the amount of organic matter
transported by burrowing activity and chimney building processes. In the laboratory
experiment, we used microcosms with different layers of organic matter content: upper
(low content/10cm) and lower (high content/10cm). Sediment was physically
transported from lower to upper layers in which chimney and burrow profiles reflected
organic matter transport after crab activity. In the field experiment, we compared
burrow and non-burrow profiles (without visible burrows); chimneys were collected and
sediment samples were stratified in the upper (0-4 cm), upper intermediate (4-8 cm),
lower intermediate (8-12 cm) and lower layers (12-20 cm), the latter which comprises
maximum burrow depth for this species (~20 cm). Burrows had more organic matter
than non-burrow layers, acting as traps for sediment and organic compounds. Chimneys
showed lower organic matter content when compared to lower burrow layers. Thus,
organic matter is disposed (e.g. washed by tides) or consumed (e.g. microbial
community) after chimney shaping. The U. thayeri biogenic sedimentary structures
affect organic matter vertical distribution of mangrove soils. Lab and field experiments
seemed to be complementary for a better understanding of the whole process of organic
matter distribution. Ecological implications of above-ground biogenic sedimentary
structures are discussed.

Keywords: Organic matter. Vertical sediment distribution. Mangrove habitat.
Ecosystem engineers. genus Uca. Chimney building.
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1. Introduction

Estuarine ecosystem act as an important component in coastal zones due to their
valuable ecological and economical services (Barbier et al., 2011; Day et al., 2013).
Mangroves, salt marshes and other estuarine habitats are characterized by high primary
productivity and efficient nutrient cycling (Jennerjahn and Ittekkot, 2002; Caffrey,
2004); for protection of shorelines from erosion and natural disasters (Dahdouh-Guebas
et al., 2005; Barbier, 2015), while also providing food and shelter for many species
(Robertson and Duke, 1987; Nagelkerken et al., 2000; Huijbers et al., 2015). Owing to
their environmental resources, estuaries are a nursery site and refuge for terrestrial,
semiterrestrial and marine groups (Colpo et al., 2001; Nagelkerken et al., 2008;
Huijbers et al., 2015).

The organism’s behaviour is intrinsically related to environment dynamics
(Jones et al., 1994; Nagelkerken et al., 2008). Bioturbation, bioirrigation and
biodeposition processes promoted by estuary organisms affect soil biogeochemistry
factors, which in turn can affect carbon and nitrogen cycles (Kristensen et al., 2001;
Wang et al., 2010; Fanjul et al., 2011; Quintana et al., 2015), oxygen, pH, redox
potential gradients (Aller, 1994; Aratjo Jr. et al., 2012), granulometry and organic
matter (Krantzberg, 1985; Penha-Lopez et al., 2010). Remineralization and organic
matter lability play an important role in material flow through ecosystems (Jennerjahn
and Ittekkot, 2002). Organic matter in estuarine soils is composed of labile (e.g.
microbial biomass C) and refractory (e.g. plant dead tissues) organic compounds
(McLusky and Elliott, 2004). Thus, organic matter is a valuable energy source in natural
processes involving flora and fauna and ecosystem functioning (Alongi, 1996; Barbier

etal., 2011).
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Some species construct and maintain sedimentary structures, defined by Frey
(1973) as “a biogenic structure produced by the activity of an organism upon or within
an unconsolidated particulate substrate", which are related to bioturbation and
consequential biogeochemical effect on estuarine soil. Biogenic sedimentary structures
have been described for some estuarine groups, such as elasmobranchs (rays - Howard
et al., 1977), annelids (polychaetes — Frangois et al., 2002), fish (mudskipper — Dinh et
al., 2014) and crustaceans (lobster - Ngoc-Ho and Saint Laurent, 2009; crabs -
Kristensen, 2008; Kim et al., 2011). The shapes of these structures and hence their
names vary (e.g. burrows, pillars, chimneys) as do their functions (e.g. sexual attraction,
predation risk reduction, reduction of structure loss to an intruder). As well as having an
ethological purpose, sedimentary structures are a key-factor in estuarine ecosystems soil
conformation (Meysman et al., 2006).

The effects of ecosystem engineers are, directly or indirectly, related to resource
availability and habitat shaping for other organisms (Bertness, 1985; Jones et al., 1994),
from microbial communities (Bertics and Ziebis, 2009) to macrobenthic populations
(Widdicombe et al, 2000). The engineer species create, maintain and modify
surrounding areas by physical alterations in biotic and abiotic factors (Jones et al.,
1994). Filter feeders, grazers and burrowers are influential bioengineers on estuaries;
among them, decapod crustaceans predominate in mangrove forests and salt marshes
acting as biodiffusors and regenerators of sedimentary matrix (Kristensen et al., 2012).
Burrowing crabs and their intrinsic behaviour (i.e. feeding, locomotion) are known to
allogenically modify soil characteristics. For instance, by increasing the exposed surface
area and sediment-water interface (Koo et al., 2007), enhancing CO2 release from

stocked carbon to the atmosphere (Piilmanns et al., 2014), and altering soil nutrient
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availability (i.e. ammonium, sulphide, nitrogen) to other species (Smith et al., 1991;
Fanjul et al., 2011).

Crabs of the genus Uca, also known as fiddler crabs, are semiterrestrial intertidal
organisms with widespread distribution in estuarine ecosystems, occupying sandy and
muddy substrates (Wolfrath, 1992; Thurman et al., 2013). Fiddler crabs are known for
their high numbers in estuarine habitats, which facilitates their use as model organisms
in comparative and ecological studies (Crane, 1975). Some of the species build above-
ground biogenic sedimentary structures associated or not with their burrows (Crane,
1975). This behavioural strategy also varies in function and morphology, such as
reducing aggression between males [hoods: Zucker (1981)], concealing the burrow
entrance [chimneys: Slatyer et al. (2008)] and attracting females [pillar: Christy
(1998b)]. The fiddler crab Uca thayeri (Rathbun, 1900) is one of most abundant in the
western Atlantic Ocean (Costa and Negreiros-Fransozo, 2002; Thurman III et al., 2013).
This species prefers muddy soils with high organic matter content, mainly in mangrove
areas (Costa and Negreiros-Fransozo, 2001, 2003), where they construct and maintain
burrows with associated structures in the shape of chimneys (Crane, 1975). The
function of chimney-building behaviour in U. thayeri was related to territory defence by
females in late gonadal stage and possibly to reproductive success (Salmon, 1987); also,
Gusmao-Junior et al. (2012) showed that ovigerous females had more developed
chimneys, which may be associated with maintenance of internal conditions inside
burrows.

Previous studies already recognize the critical role played by fiddler crabs
influence on mangrove soils (e.g. Kristensen, 2008; Kristensen et al., 2012; Fanjul et al.,
2015). However, the bioturbation potential promoted by estuarine crabs and its

bioarrangements has not yet been substantially described. In this context, we
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hypothesize that the construction and maintenance of U. thayeri biogenic sedimentary
structures (burrows and chimney buildings) affects organic matter distribution on
mangrove soils. By combining field and laboratory experiments, we estimated the
sediment transportation on mangrove soils, evaluating the vertical distribution and

amount of organic matter bioturbated by this crab.

2. Material and methods
2.1 Laboratory experiments
2.1.1 Crab and sediment sampling design

Crab and sediment were collected in Portinho Mangrove, Praia Grande - Sdo
Paulo/Brazil (23°59'16.74" S 46°24'26.28" W). We used U. thayeri adult females as our
model species (carapace width larger than 13.9 mm; Negreiros-Fransozo et al., 2003).
Only adult females were used because they actively built and maintain chimneys
(Gusmao-Junior et al., 2012). Hence, we collected adult females [carapace width (£SE):
17.57+0.41] that occupied burrows with chimney buildings. All crabs were acclimated
with constant temperature (25°C) and photoperiod (daily light regime of 12h light/12h
dark) for 48h.

Sediment collection was conducted in two different areas with distinct organic
matter (%) content and similar granulometry [silty clay (Shepard, 1954) - previous
analysis]; both low [3.46 = 0.22%] and high [20.61 = 1.12%] organic matter from
sediment was sieved (mesh/2mm) in order to remove macrofauna and detritus to avoid
organic content overestimation. Afterwards, we removed the excess of water from
sediment surface for both samples, since this could affect the stability and structure of

the sediment matrix.
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2.1.2 Experimental design

We investigated the effect of crab bioturbation promoted by the construction and
maintenance of biogenic sedimentary structures on vertical sediment distribution.
Microcosms [35 cm (@) x 30 cm (h)] were established with low organic matter content
in the top layer (upper 10 cm) and high organic matter content (lower 10 cm) in the
bottom layer. The sediment layers were based on the maximum and mean depth of
burrows constructed by U. thayeri (19.4 cm and 11.88 + 3.2 cm, respectively — Moreto,
unpublished data). The experiment had three experimental groups (n = 8/each
treatment): (1) control - absence of crabs, (2) burrow sampling and (3) next to burrow
sampling.

Before allocation of crabs to the microcosms (To), we core-collected (diameter:
three cm) three sediment layer samples with 10 cm depth (upper region) in each
microcosm for posterior comparison. We carefully closed the holes with surrounding
sediment. Then, we allocated four adult females per microcosms (proportionally to the
field density for this species), except for the control treatment, which we did not allocate
any crab. Each microcosm was randomly allocated in the laboratory.

After 72h of experiment (T1), chimney buildings [mean structure height (£SE):
20.67£1.21 mm; mean structure width (£SE): 26.6+1.32 mm] of crab inclusion
treatments and sediment samples (10 cm/upper region) (n=3/each microcosm) were
collected, identified and frozen for posterior analysis. Corer collection (~3 )
comprised the whole burrow aperture for this species. Burrow architecture may vary in
shape but is usually comprised of a single J-shaped structure (Wolfrath, 1992; Machado
et al., 2013; Wang et al., 2015). Since the corer is thus able to sample the burrow in its
vertical entirety (from top to bottom), its characteristic shape does not affect core

collection. All samples of control (Figure 1a), burrow and next to burrow (Figure 1b)



177  variables were referred to the upper sediment layer (10 cm), except for the chimneys

178  buildings (Figure 1b, 1c). Posteriorly, samples were dried in oven (60°C, 72h) and 10g
179  portions were burned in a muffle (500°C, 4h) by loss on ignition (Heiri et al., 2001) to
180  obtain a measure of organic matter content and the percentage of ash free dry weight
181  (AFDW).
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Figure 1: Overview of microcosms and its variables: a) Control treatment after 72h of

186  experiment (T1); b) Sampling location of the variables (chimney, burrow and next to
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burrow) from treatment I (chimney and burrow) and/or treatment II (chimney and next

to burrow); ¢) chimney building constructed by the female Uca thayeri.

2.2 Field experiment
2.2.1 Study site

The experiment was conducted in a mangrove area (23°50'16.57" S; 46°
9'10.11" W) at the Itapanhat River, the main tributary of the Bertioga channel, which is
associated to the Santos estuarine complex system, central coast of Sdo Paulo State,
Brazil. The Itapanhau river discharges approximately 10 m’s” of freshwater
(semidiurnal tide flow) and is fringed by mangrove areas characterized by the typical
mangrove vegetation in Brazil (Rhizophora mangle, Avicennia shaueriana, and

Laguncularia racemosa) (Eichler et al., 2006).

2.2.2 Experimental design

We carried out a field experiment to verify the distribution of organic matter in
biogenic sedimentary structures (burrows and chimney buildings) and in the
surrounding area, without visible burrows (non-burrow profile). Surveying was
conducted between August and September 2012. The field experiment had two
treatments (20 replicates each one): (1) non-burrow profile and (2) burrow profile. We
collected burrows with chimneys that were occupied by ovigerous females. We
carefully collected the crabs, measured their carapace length (mm), and sampled all
chimneys [mean structure height (=SE): 23.10£1.59 mm; mean structure width (+SE):
39.37+1.01 mm]. All core-collected samples (20 cm) were stratified in situ in four
layers: upper (0-4 cm), upper intermediate (4-8 cm), lower intermediate (8-12 cm) and

lower layer (12-20 cm). Chimney buildings were compared with upper and lower layer
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of both treatments to prevent data dependence (see details in data analysis). We chose a
deeper lower layer based on the maximum and mean depth of U. thayeri burrows (19.4
cm and 11.88 + 3.2 cm, respectively — Moreto, unpublished data), which included the
bottom surface. AFDW of all samples was obtained in the same way described for the
laboratory experiment (see above), with crabs and sediment reallocated following the

experiment.

2.3 Data analysis

In the laboratory experiment, differences between before and after crab
bioturbation and the comparison between chimney structures and the upper layer (To)
were evaluated using a Paired t test (Underwood, 1997). The field data were
randomized to assure the independence of superior and inferior layers when compared
with chimneys. Collection of a vertical sediment sample using a core may promote
dependence of layers; thus, we analysed ten samples of each layer and treatment
(control and burrows). We applied an Independent t test to relate burrow and control
layers and an One-way ANOVA followed by Tukey’s post hoc to compare chimney and

upper and lower layers (Underwood, 1997).

Data were checked for normality (Shapiro-Wilk’s test) and homoscedasticity
(Lavene’s test) and, when necessary, transformed with logit(x) = log[x/(1-x)] to meet
assumptions (Warton and Hui, 2011). Outliers were removed for laboratory and field
data by Chauvenet’s test (Wilkinson et al., 1996). Differences were considered
significant if p < 0.05 (Zar, 1999). All the analyses were performed with IBM SPSS

Statistics 20 and graphics were made in ORIGIN 2015.
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3. Results
3.1 Laboratory experiment

Burrows with chimneys were checked after 72h. Chimneys showed higher
organic matter content than the upper layer (Paired t test, df = -17,88, F = 84, p =

0.0001) (Figure 2).

Organic matter (%)

N

Chimney Top layer

Variable

Figure 2: Mean (+SE) of organic matter content of chimney structures and top layer
after 72 h. Asterisk (*) indicates statistical difference between variables (Paired t test, p

=0.0001).

Vertical sediment transportation was reflected on female crab burrows, showing
an increase in organic matter content in the upper layer (Paired t test, t = -2.46, df = 19,
p = 0.02). However, there were no significant differences between To and T1 next to the
burrows (t = - 0.641, df = 22, p = 0.52). Also, organic matter content did not differ in

the control treatment (Paired t test, t = 1.72, df = 20, p > 0.09) (Figure 3).
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Figure 3: Mean (£SE) of organic matter content in the upper layer of sediment before
and after 72 h in the three experimental groups: burrow, next to burrow and control
(absence of crabs). Different letters indicate statistical difference within treatment

(Paired t test, p < 0.05). Outliers were removed from this data (n = 21-24).

3.2 Field experiment

All burrow layers had more organic matter content than the non-burrow layers

(Independent t test: p < 0.05) with a mean difference of 3.93-fold between layers

(Figure 4).
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Figure 4: Mean (£SE) of organic matter content of different layers [upper (0-4 cm),
upper intermediate (4-8 cm), lower intermediate (8-12 cm) and lower (12-20 cm)] from
non-burrow (area without visible crab burrows) and burrow profiles. Different letters
indicate statistical difference within treatment (Paired t test: upper*upper, t = 4.12, df =
18, p = 0.001; upper intermediate*upper intermediate, t = 3.74, df = 18, p = 0.0001;
lower intermediate*lower intermediate, t = 2.53, df = 18, p = 0.02; lower*lower, t =

2.86, df =18, p =0.01). Outliers were removed from this data (n = 18-20).

Chimneys showed a mean organic matter content of 5.94+1.93%. Organic matter
did not differ between chimneys of ovigerous females [carapace width (£SE):
17.37+0.39] and non-burrow layers (One-way ANOVA, df = 2, F = 3.218, p = 0.055)
(Figure 5a). However, there was a significant difference when compared to burrow
layers (One-way ANOVA, df =2, F =4.165, p=0.02). Post hoc analysis (Tukey’s test)

revealed that organic matter content in chimneys was significantly lower than in the



276  lower burrow layer (p < 0.05), which was not observed for the upper burrow layer (p >

277  0.05) (Figure 5b).
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280  Figure 5: Mean (£SE) of organic matter content of chimneys and upper and lower layer
281  in both treatments [(a) non-burrow and (b) burrow profiles)]. Different letters indicate

282  statistical difference between variables (One- way ANOVA, p <0.05).
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4. Discussion

Construction and maintenance of both burrow and chimneys promotes vertical
sediment distribution, which in turn modifies organic matter disposition in mangrove
soil. Laboratory and field experiments showed complementary results regarding the
bioturbation processes. Unquestionably, fiddler crabs behaved as ecosystems engineers
in estuarine areas (Kristensen, 2008). In the laboratory experiment, it was evident that
U. thayeri transport sediment from lower to upper layers. This physical behaviour
indirectly affects biogeochemical cycles, which appears to be a key geomorphological

factor in mangrove areas (Gabet et al., 2003, Kristensen and Alongi, 2006).

Our field results also showed that organic matter inside fiddler crab burrows is
higher than in surrounding areas. Burrows act as surface traps, causing organic
compounds (i.e. carbon sources) and sediment to be continually incorporated into
deeper layers (Botto and Iribarne, 2000; Botto et al., 2006). Estuarine detritus is
passively deposited onto the burrow mainly by tide action (Hemminga et al., 1996).
Fanjul et al. (2015), observing the crab Chasmagnathus granulata, concluded that
trapped organic compounds are remineralized and exported to the soil surface by
distinct pathways (e.g. CO2). DePrata and Levin (1989) showed that meiofauna, mostly
nauplii and adult copepods, are also passively deposited onto fiddler crab burrows.
Moreover, inhibition of aerobic microbial decomposition and lixiviation processes
enhance organic matter content in deeper layers (Davis et al., 2006). In this context, a
depth variation in organic matter content between treatments (burrow and non-burrow
profile) was already expected; however, we did not find significant differences between
upper and lower layers for the same treatments. Botto and Iribarne (2000) also did not
find any depth variation of organic matter in U. uruguayensis beds and control areas.

Despite beliefs that burrowing crabs promotes transportation of sediment materials (e.g.
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organic compounds, nutrients) (Botto and Iribarne, 2000, Kristensen and Alongi, 2006),
the construction and maintenance of crab burrows tend to homogenize the vertical
sediment distribution and organic compounds (see Fanjul et al., 2015); in this sense, the
organic matter content of fiddler crabs burrows may not vary substantially according to

depth (~20cm — U. thayeri) in mangrove soil.

Chimney construction is similar in all fiddler crab builders (Crane, 1975; Shih et
al., 2005; Slatyer et al., 2008; Gusmao-Junior et al., 2012). Gusmao-Junior et al. (2012)
provided extensive detail on this building process; U. thayeri crabs dig and deposit mud
from the substrate at the edge of the burrow entrance; they also collect, drag and stack
sediment from the superficial layer surrounding the burrow and modify its structure
with their pereiopods and chelipeds. In our laboratory experiment, we did not observe a
significant increase of organic matter content next to the burrows, which may be related
to their collection of surrounding sediment and consequent dragging of excavated
pellets from bottom layer to chimney shaping. Most chimney builders and other fiddler
crabs that construct distinct sedimentary structures (i.e. mudball, rim and hood
buildings) shape their biogenic sedimentary structures with material within the burrow
(Crane, 1975; Burford et al., 2001; Shih et al., 2005). In turn, crabs carry sediment from
deeper layers and into the soil surface. Thus, mangrove soil compounds (e.g. organic
matter and its remineralization products) tend to be reincorporated and retained in

above-ground biogenic sedimentary structures, as observed in the laboratory results.

We showed that organic matter content of chimneys in a natural environment
(field experiment) was inferior than the lower burrow layer. Fiddler crab burrows are
continuously constructed and maintained, and occasionally abandoned (Kristensen,
2008). The same applies to chimneys (Gusmao-Junior et al., 2013). In turn, organic

matter from the bottom of the burrows is constantly up-taking by physical forces (Botto
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et al., 2006). It was consequently expected, without natural biotic and abiotic forces,
similar organic matter content in chimney structures. Furthermore, the typical oxic thin
layer of estuarine muds is inhabited by microphytobenthos, a rich source of organic
matter components (Underwood and Kromkamp, 1999; Cloernet al., 2014), which are
also carried with the sediment collected by fiddler crabs during construction and
maintenance of above-ground biogenic sedimentary structures. However, chimneys are
exposed to tide action and washed by semidiurnal tide flows (personal observation),
which may drag aggregated organic compounds through the mangrove soil surface.
Additionally, chimneys buildings are exposed to oxygen, which increases oxidation and
may contribute to the aerobic decomposition processes. Similarly to our results, Fanjul
et al. (2015) observed that mounds of the mudflat crab N. granulata promote spatial
heterogeneity of organic matter in which mounds showed lower organic content (labile

carbon fraction) than deep sediment layers.

Several studies have worked with sedimentary mounds on the seafloor (biogenic
bottom features) (see references in Murray et al., 2002). Biogenic bottom features
affect erosion, transport and sedimentation patterns and, in greater scales (> 50m),
geomorphological processes (e.g. mass transfer from seabeds to other environments)
(Murray et al., 2002). Despite the physical similarities in sediment transportation
(bioturbation activity) between burrowing crabs and burrowing seafloor organisms,
environmental factors (biotic and abiotic) differ among ecosystems and their influence
on anoxic estuarine sediment may affect soil in a different manner. Interestingly, above-
ground biogenic sedimentary structures and their construction process are similar for
other estuarine groups. The mud lobster Thalassina spp. shape complex burrows which
may be associated with chimneys (Ngoc-Ho and Saint Laurent, 2009), the manicure

crab Cleistostoma dilatatum builds cone-shaped towers at the entrance of their burrows
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(Kim et al., 2011), and the goby fish Periophthalmodon septemradiatus constructs
muddy volcanic cone-like structures (Bhatt et al., 2009), for example. In this sense,
sediment vertical transportation and distribution of organic matter may have similar

functioning on estuarine species regardless of species.

In conclusion, we demonstrated that burrows and chimneys in the fiddler crab U.
thayeri influence organic matter vertical distribution of mangrove soils. Organic matter
from lower layers (anoxic strata) is carried to the surface and upper layers (Kristensen,
2008). In turn, organic compounds are retained in chimney buildings and then involved
in soil biogeochemical and physical processes (e.g. microbial decomposition, lixiviation
and/or tide action). These results provide further support for the hypothesis that the
construction and maintenance of above-ground biogenic sedimentary structures affects
organic matter distribution on estuarine soils. In order to develop a full picture of above-
ground biogenic sedimentary structure effects on ecosystem functioning, additional
studies will be needed on biological communities and organic compounds aggregated in
above-ground biogenic sedimentary structures through time. Along with their
ethological functioning (e.g. sexual attraction, territory landmark), these structures
could play an important role in biogeochemical processes and may also create a new
and unexplored ecological niche for microbial communities (Bertics and Ziebis, 2009)

and meiofauna (DePrata and Levin, 1989).
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License Agreement' (for more information see https://www.elsevier.com/OAauthoragreement).
Permitted third party reuse of open access articles is determined by the author's choice of user license
(see https://www.elsevier.com/openaccesslicenses).

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. For more
information see https://www.elsevier.com/copyright.

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Elsevier has established a number of agreements with funding bodies which allow authors
to comply with their funder's open access policies. Some authors may also be reimbursed
for associated publication fees. To learn more about existing agreements please visit
https://www.elsevier.com/fundingbodies.

This journal offers authors a choice in publishing their research:

Open access

e Articles are freely available to both subscribers and the wider public with permitted reuse

e An open access publication fee is payable by authors or on their behalf e.g. by their research funder
or institution

Subscription

e Articles are made available to subscribers as well as developing countries and patient groups through
our universal access programs (https://www.elsevier.com/access).

e No open access publication fee payable by authors.

Regardless of how you choose to publish your article, the journal will apply the same peer review
criteria and acceptance standards.
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For open access articles, permitted third party (re)use is defined by the following Creative Commons
user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other revised versions,
adaptations or derivative works of or from an article (such as a translation), include in a collective
work (such as an anthology), text or data mine the article, even for commercial purposes, as long
as they credit the author(s), do not represent the author as endorsing their adaptation of the article,
and do not modify the article in such a way as to damage the author's honor or reputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to include in a collective
work (such as an anthology), as long as they credit the author(s) and provided they do not alter or
modify the article.

The open access publication fee for this journal is USD 2500, excluding taxes. Learn more about
Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.

Authors can share their research in a variety of different ways and Elsevier has a number of green
open access options available. We recommend authors see our green open access page for further
information (http://elsevier.com/greenopenaccess). Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an embargo period. This
is the version that has been accepted for publication and which typically includes author-incorporated
changes suggested during submission, peer review and in editor-author communications. Embargo
period: For subscription articles, an appropriate amount of time is needed for journals to deliver
value to subscribing customers before an article becomes freely available to the public. This is the
embargo period and it begins from the date the article is formally published online in its final and
fully citable form.

This journal has an embargo period of 24 months.

Manuscripts should be written in English. Authors who are unsure of correct English usage should have
their manuscript checked by someone proficient in the language. Manuscripts in which the English is
difficult to understand may be returned the author for revision before scientific review.

Authors who require information about language editing and copyediting services pre- and post-
submission please visit http://www.elsevier.com/languagepolishing or our customer support site
at http://epsupport.elsevier.com for more information. Please note Elsevier neither endorses nor
takes responsibility for any products, goods or services offered by outside vendors through our
services or in any advertising. For more information please refer to our Terms & Conditions:
http://www.elsevier.com/termsandconditions.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Please submit your article via http://ees.elsevier.com/seares/

Please submit the names and institutional e-mail addresses of several potential referees. For more
details, visit our Support site. Note that the editor retains the sole right to decide whether or not the
suggested reviewers are used.

Journal of Sea Research has no page charges.
PREPARATION
Submission to this journal proceeds totally online and you will be guided stepwise through the creation

and uploading of your files. The system automatically converts your files to a single PDF file, which
is used in the peer-review process.
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As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file
to be used in the refereeing process. This can be a PDF file or a Word document, in any format or lay-
out that can be used by referees to evaluate your manuscript. It should contain high enough quality
figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct.

There are no strict formatting requirements but all manuscripts must contain the essential elements
needed to convey your manuscript, for example Abstract, Keywords, Introduction, Materials and
Methods, Results, Conclusions, Artwork and Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure your paper has consecutive line numbering this is an essential peer review
requirement.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text
in the manuscript, rather than at the bottom or the top of the file.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an
editable file of the entire article. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. The electronic text should be prepared in
a way very similar to that of conventional manuscripts (see also the Guide to Publishing with Elsevier:
https://www.elsevier.com/guidepublication). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor.

You are recommended to use the Elsevier article class elsarticle.cls
(http://www.ctan.org/tex-archive/macros/latex/contrib/elsarticle) to prepare your manuscript and
BibTeX (http://www.bibtex.org) to generate your bibliography.

For detailed submission instructions, templates and other information on LaTeX, see
https://www.elsevier.com/latex.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.
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Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Glossary
Please supply, as a separate list, the definitions of field-specific terms used in your article.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that the e-mail address is given and that contact
details are kept up to date by the corresponding author.

e Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online
article. The graphical abstract should summarize the contents of the article in a concise, pictorial form
designed to capture the attention of a wide readership. Graphical abstracts should be submitted as a
separate file in the online submission system. Image size: Please provide an image with a minimum
of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a size of 5 x
13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office
files. See https://www.elsevier.com/graphicalabstracts for examples.

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best
presentation of their images and in accordance with all technical requirements: Illustration Service.
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Highlights are mandatory for this journal. They consist of a short collection of bullet points that
convey the core findings of the article and should be submitted in a separate editable file in the online
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet points (maximum
85 characters, including spaces, per bullet point). See https://www.elsevier.com/highlights for
examples.

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Provide also regional index terms.

Define abbreviations that are not standard in this field in a footnote to be placed on the first page
of the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Follow internationally accepted rules and conventions: use the international system of units (SI).
If other quantities are mentioned, give their equivalent in SI. You are urged to consult IUGS:
Nomenclature for geological time scales/rock names: http://www.iugs.org/ for further information.

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors build footnotes into the text, and this feature may be used. Should this not be the case,
indicate the position of footnotes in the text and present the footnotes themselves separately at the
end of the article.

Electronic artwork

General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

e Number the illustrations according to their sequence in the text.

e Use a logical naming convention for your artwork files.

e Indicate per figure if it is a single, 1.5 or 2-column fitting image.

e For Word submissions only, you may still provide figures and their captions, and tables within a
single file at the revision stage.

e Please note that individual figure files larger than 10 MB must be provided in separate source files.
A detailed guide on electronic artwork is available on our website:
https://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or
convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics’.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.
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TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi
is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.
e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. For further information on the preparation
of electronic artwork, please see https://www.elsevier.com/artworkinstructions.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure
itself) and a description of the illustration. Keep text in the illustrations themselves to a minimum but
explain all symbols and abbreviations used.

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules.

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication’. Citation of a reference as 'in press' implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is encouraged.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the
most popular reference management software products. These include all products
that support Citation Style Language styles (http://citationstyles.org), such as Mendeley
(http://www.mendeley.com/features/reference-manager) and Zotero (https://www.zotero.org/), as
well as EndNote (http://endnote.com/downloads/styles). Using the word processor plug-ins from
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these products, authors only need to select the appropriate journal template when preparing their
article, after which citations and bibliographies will be automatically formatted in the journal's style.
If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/journal-of-sea-research

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style
or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/book
title, chapter title/article title, year of publication, volume number/book chapter and the pagination
must be present. Use of DOI is highly encouraged. The reference style used by the journal will be
applied to the accepted article by Elsevier at the proof stage. Note that missing data will be highlighted
at proof stage for the author to correct. If you do wish to format the references yourself they should
be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references should be listed first
alphabetically, then chronologically.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). Kramer et al.
(2010) have recently shown ...."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
Commun. 163, 51-59.

Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations:
http://www.issn.org/services/online-services/access-to-the-ltwa/.

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the files in one of our recommended file formats with a preferred maximum
size of 150 MB. Video and animation files supplied will be published online in the electronic version
of your article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com.
Please supply 'stills' with your files: you can choose any frame from the video or animation or
make a separate image. These will be used instead of standard icons and will personalize the
link to your video data. For more detailed instructions please visit our video instruction pages at
https://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be embedded
in the print version of the journal, please provide text for both the electronic and the print version
for the portions of the article that refer to this content.
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The journal encourages authors to create an AudioSlides presentation with their published article.
AudioSlides are brief, webinar-style presentations that are shown next to the online article on
ScienceDirect. This gives authors the opportunity to summarize their research in their own words and
to help readers understand what the paper is about. More information and examples are available at
https://www.elsevier.com/audioslides. Authors of this journal will automatically receive an invitation
e-mail to create an AudioSlides presentation after acceptance of their paper.

Supplementary material can support and enhance your scientific research. Supplementary files
offer the author additional possibilities to publish supporting applications, high-resolution images,
background datasets, sound clips and more. Please note that such items are published online exactly
as they are submitted; there is no typesetting involved (supplementary data supplied as an Excel
file or as a PowerPoint slide will appear as such online). Please submit the material together with the
article and supply a concise and descriptive caption for each file. If you wish to make any changes to
supplementary data during any stage of the process, then please make sure to provide an updated
file, and do not annotate any corrections on a previous version. Please also make sure to switch
off the "Track Changes' option in any Microsoft Office files as these will appear in the published
supplementary file(s). For more detailed instructions please visit our artwork instruction pages at
https://www.elsevier.com/artworkinstructions.

Elsevier encourages authors to connect articles with external databases, giving readers access to
relevant databases that help to build a better understanding of the described research. Please refer
to relevant database identifiers using the following format in your article: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN). See https://www .elsevier.com/databaselinking for more
information and a full list of supported databases.

This journal enables you to show an Interactive Plot with your article by simply submitting a data file.
For instructions please go to https://www.elsevier.com/interactiveplots.

The following list will be useful during the final checking of an article prior to sending it to the journal
for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

e E-mail address

e Full postal address

All necessary files have been uploaded, and contain:

e Keywords

e All figure captions

e All tables (including title, description, footnotes)

Further considerations

e Manuscript has been 'spell-checked' and 'grammar-checked'

e All references mentioned in the Reference list are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

Printed version of figures (if applicable) in color or black-and-white

e Indicate clearly whether or not color or black-and-white in print is required.

For any further information please visit our customer support site at http://support.elsevier.com.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
upon the initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal
medium for citing a document, particularly 'Articles in press' because they have not yet received their
full bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059
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When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

The corresponding author, at no cost, will be provided with a personalized link providing 50
days free access to the final published version of the article on ScienceDirect. This link can
also be used for sharing via email and social networks. For an extra charge, paper offprints
can be ordered via the offprint order form which is sent once the article is accepted for
publication. Both corresponding and co-authors may order offprints at any time via Elsevier's
WebShop (http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring printed copies
of multiple articles may use Elsevier WebShop's 'Create Your Own Book' service to collate multiple
articles within a single cover (http://webshop.elsevier.com/myarticleservices/booklets).

Cdnfributor§ to Elsevier journals are entitled to a 30% discount on most Elsevier books, if ordered
directly from Elsevier.
AUTHOR INQUIRIES

You can track your submitted article at https://www.elsevier.com/track-submission. You can track
your accepted article at https://www.elsevier.com/trackarticle. You are also welcome to contact
Customer Support via http://support.elsevier.com.

© Copyright 2014 Elsevier | http://www.elsevier.com
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