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Abstract. Estuaries, rias, fjords, coastal lagoons, bahiras, river mouths, tidal creeks, deltas and similar coastal environ-
ments are often regarded as a single broad conceptual class. ‘Brackish’, ‘estuarine’, ‘paralic’ and ‘transitional’ are terms
used in different contexts to designate collectively this class of environments. Nevertheless every term, generated from
different historical perspectives and scientific points of view, excludes some of the above-mentioned environments. These
terms and definitions were examined with regard to their meaning and history. The main attributes have been extracted
from definitions and arranged in a conceptual scheme giving an overall direct perception of their relationships. This
analysis provided evidence for the occurrence of two major groups of attributes: hydrological and geomorphic. Although
the significance of hydrological attributes is instantly recognisable, geomorphic attributes imply subjacent concepts of
geographical scale and hydrological features not expressly formulated in definitions, such as a limited supply of seawater
to the system.
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Introduction

There is general agreement to include estuaries, rias, fjords,
fjards, coastal lagoons, bahiras, intermittently closing and open
lakes and lagoons (ICOLLs), river mouths, tidal creeks and
deltas into a single, if broad, conceptual class (e.g. Guelorget
and Perthuisot 1983; Kjerfve 1994; McLusky and Elliott 2007).
Most of these nearshore, protected environments are related to
the main estuarine and lagoonal types. Kjerfve (1994) divided
these ‘inland coastal ocean-connected waters’ into six cate-
gories: estuaries, coastal lagoons, fjords, bays, tidal rivers and
straits. These water bodies are located within the coastline (e.g.
lagoons, fjords) or cross through it protruding into the sea (e.g.
deltas). Open-shore environments, such as strandplains, are sel-
dom included in this list, except for tidal mudflats that lie at the
outer edge of estuarine systems. In an ecological approach, the
class includes both deepwater and coastal wetland habitats, such
as mangroves and saltmarshes, as pointed out by Cowardin et al.
(1979) for estuarine systems.

One of the most general and common traits of this class
of coastal environments is a significant departure of physico-
chemical variables (salinity, ionic composition, temperature,
turbidity, dissolved oxygen, pH, redox potential, nutrients, dis-
solved and particulate organic matter) from the normal range of
variability measured in the offshore waters. Estuaries, lagoons
and embayments have many physical and ecological pro-
cesses in common (Ketchum 1983; Thrush and Warwick 1997;
Constable and Fairweather 1999; McLusky and Elliott 2004).

All these coastal aquatic systems are generated by the merging
of sea, land and rivers and mark the passage between marine and
non-marine realms. This merging gives rise to new, emergent
properties shared by all these environments, such as the pres-
ence of strong gradients, variability in mesological parameters,
prevalent sedimentary bottoms, high biological production and
susceptibility to anoxia. The functional traits of these environ-
ments were illustrated by Levin et al. (2001), who highlighted
their importance as links between land, freshwater and the sea.

Places of passage: a common feature
These peculiar coastal ecosystems are characterised by progres-
sive changes in several environmental variables, often mutually
dependent or correlated. These variations generate composite
gradients that involve salinity, marine water renewal (e.g. res-
idence time), nutrients, turbidity and sediment structure. It is
important to recognise gradients if we are to understand these
environments, as pointed out by McLusky (1993). The direction
of the gradient depends mainly on river or tide energy; there-
fore, it is generally oriented perpendicularly to the coastline or
along the river mouth axis. The shape of the gradient can change
in different basins and sub-basins, depending on the relative
importance of the environmental variables within the gradient.
In very low-energy environments, the gradient can be differ-
ently oriented, for instance, owing to the presence of wind-driven
water circulation. In these situations, gradients with different
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directions can generate complex fields. The contribution of dif-
ferent variables in distinct systems (e.g. salinity in estuaries,
seawater renewal in microtidal lagoons) depends on the main
hydrodynamic energy source of the system. In environments
with high fluvial energy (Boyd et al. 1992; Dalrymple et al. 1992;
Heap et al. 2001), the gradient is structured mainly by the fresh-
water flows, which dilute the seawater and rearrange the sedi-
ments. In this case, salinity can be profitably used as a proxy for
the composite gradient. Conversely, in coastal lagoons with weak
river input (Boyd et al. 1992; Dalrymple et al. 1992; Heap et al.
2001) the component that mainly influences the gradient is sea-
water renewal, which can be considered as a proxy for the whole
gradient.

In these coastal systems, both landforms (see Pethick 1984;
Harris and Heap 2003) and biological processes are physically
controlled (Sanders 1968). Environmental gradients directly
influence another important feature: the progressive reduction in
the number of species when entering a water body, either from
the sea or from the river. This recurring pattern is a relevant fea-
ture because diversity is one of the ‘biological quality elements’
required by the recent European Water Framework Directive
(WFD) (European Community 2000, Annex V 1.2.3). Further-
more, a considerable number of Indices of Biotic Integrity
include some measure of species richness in their metrics (Diaz
et al. 2004). The decline in species number and diversity along
the gradient has been the subject of various conceptualisations,
each one emphasising a different aspect of the gradient depend-
ing on the environment investigated: salinity (e.g. Remane 1934;
Attrill 2002), seawater renewal (e.g. D’Ancona et al. 1954;
Guelorget and Perthuisot 1983) or sediment type (e.g. Boesch
1973; Thrush et al. 2003). Sediment organic content plays a
key role in oxygen availability as a component of the gradient
related to sedimentary processes (e.g. Pearson and Rosenberg
1978; Diaz and Rosenberg 1995; Gray et al. 2002).

Colonisation rates and dispersal processes have also been
used to explain the structure and horizontal zonation of benthic
lagoonal assemblages in addition to water renewal, salinity and
ionic composition (Pérez-Ruzafa and Marcos 1992). Connec-
tivity with the sea strongly influences the recruitment of species
requiring a marine dispersal phase, with effects on diversity pat-
terns (Platell and Potter 1996; Dye and Barros 2005). Wagner
(1999) considered the effects of the length of the salinity gra-
dient on diversity. A general framework for richness patterns
in relation to estuary type was proposed by Roy et al. (2001)
for Australian estuaries, taking into account tidal exchange,
salinity, recruitment and migration. Most species dwelling in
these environments are of marine origin (Barnes 1989; Cognetti
and Maltagliati 2000). Consequently, moving landward, it can
be expected that an increasing divergence from marine condi-
tions is tolerated by progressively fewer species (McLusky and
Elliott 2004). In a river, this pattern is mirrored moving down-
stream towards the fluvial delta (Roy et al. 2001) by species of
freshwater origin (Remane 1934, 1971; Guelorget et al. 1987);
thus, the double environmental gradient is reflected by a double
ecocline (Attrill and Rundle 2002).

Bulger et al. (1993) proposed a classification of the salinity
gradient in estuaries and presented a zoning scheme based on
fish and invertebrate distributions in line with these principles.
In the inner part of the basins or near the heads of estuaries,

variability in the physical environment (freshwater discharge,
anoxia) can cause periodic mortality of several species, which
is followed by recolonisation and restructuring of the commu-
nities (Barnes 1999). Times of emergence/submergence related
to tidal regime are also an important factor in structuring ben-
thic assemblages in this type of environment (Swinbanks and
Murray 1981). Where the freshwater inflow is negligible or
absent, Guelorget and Perthuisot’s ‘biological zoning’ can be
regarded as an operational simplification of a single ecocline
lying along a gradient of seawater renewal. In Mediterranean
lagoons where the hydroclimate sustains eu/hyperhaline condi-
tions, the decline of species along the sea–land axis is attributed
mainly to hydrology and sediment properties and, to a lesser
extent, to salinity (e.g. Guelorget et al. 1987; Reizopoulou and
Nicolaidou 2004; Rossi et al. 2006).

Terms and definitions
The present paper focuses on the terms and definitions used to
collectively describe estuaries, lagoons and associated environ-
ments. Coastal water bodies not strictly marine in nature are
regarded as estuarine, brackish, paralic and, more recently, tran-
sitional waters. Despite common agreement on the affinity of
these environments, it is difficult to find a comprehensive term
to identify this category of coastal systems as a single group.

Estuaries, rias, fjords, fjards, coastal lagoons, bahiras, river
mouths, tidal creeks and deltas are different basic physiograph-
ical types of coastal environments. These basic types are often
identified quite clearly by simple terms often taken from local
names in a region where a specific physiographical type fre-
quently occurs. These lexical definitions are almost universally
accepted and it is often enough to consult a reliable dictionary to
obtain a suitable definition. A lexical definition explains how a
term is actually used. It is generally assumed that a definition will
be stated in a simple and concise way. Concise definitions give
us the main traits of the definiendum in just one or two sentences
and are sufficient to circumscribe the subject, but these charac-
teristics make some definitions vague. As terms become more
inclusive of different types of environments, definitions become
less precise. Therefore, ‘open definitions’ would be more appro-
priate, but ‘closed definitions’ are often required for operational
and legal purposes. To reduce the vagueness of a lexical def-
inition, specific or explicit definitions are needed that expand
the dictionary definition by including additional criteria. Hence,
in the specialist literature, after a first-level lexical definition, a
term is accompanied by a more detailed definition to reduce any
possible vagueness, for instance, describing the physical lim-
its of an estuary. Some concise observations on the history and
meaning of some common terms could help to better address
the questions. In this overview, we will start with the terms
‘lagoon’ and ‘estuary’ as the first level of aggregation of the
basic physiographical types, and then we will move on to terms
used to group ‘lagoons’ and ‘estuaries’ together and their defini-
tions. The nested relationships among the main terms discussed
in the text are represented in Fig. 1. As well as grouping lagoons
and estuaries, these terms can also include other natural coastal
environments, such as embayments, and artificial environments,
such as saltworks, harbours, fish farms and coastal sewage
outlets.
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Transitional environments

Paralic environments/domain
Semi-enclosed littoral ecosystems

Coastal waterways

Estuarine systems
Lagoon–estuarine environments

Estuaries (‘tidal concept’)

Brackish waters

Estuaries (‘brackish concept’)

Transitional waters

Fig. 1. Conceptual scheme of the relationships among the terms. The eccentricity of ‘estuarine system’ set
results from doubt about its applicability to rocky shores.

‘Lagoons’ and ‘estuaries’ refer not only to single physio-
graphical types, but are currently used as collective nouns. For
example, the term ‘lagoons’ includes coastal lagoons, coastal
lakes, bahiras, ICOLLs and limans; the term ‘estuaries’ includes
fjords, fjards, rias, karstic estuaries, arid estuaries, coastal plain
estuaries and bar-built estuaries. These two collective terms are
acknowledged in the scientific literature, although their domains
do overlap in ‘estuarine lagoons’ from the lagoonal perspective
or in ‘bar-built estuaries’ from the estuarine perspective. There-
fore, we have seen good reasons to unite lagoons and estuaries
under a single term. Collective terms at a higher hierarchical
level than ‘lagoons’ or ‘estuaries’ are less accepted; new terms
and definitions are formulated from time to time, but they are
often of limited use.

Estuaries and lagoons
‘Estuaries’ is the most commonly used term throughout the
English-speaking world to describe most of these environments,
but this term should be more correctly applied to a precise sub-
class, the proper estuaries, than to the whole group. There are
many definitions of an estuary emphasising the role of rivers and
tides. Estuaries are identified mainly by three groups of defini-
tions based on three main attributes: (i) the presence of tides;
(ii) the dilution of seawater by land run-off; and (iii) the degree
of enclosure. These groups of definitions were formulated by the
progressive exclusion of one basic attribute. The more restrictive
category (called ‘tidal concept’ in the present paper) involves all
attributes. The second (‘brackish concept’) and perhaps the most

diffused meaning of the term does not require the presence of
tides. The third category (‘estuarine system’) is the broadest and
requires only the semi-enclosure of a body of water. Lagoons are
included in this group as end members of a geomorphic series.

Estuaries ‘tidal concept’
Elliott and McLusky (2002) denounced a semantic misuse

of the term ‘estuary’ when applied to non-tidal environments
because the term comes from the Latin ‘aestuarium’ (from ‘aes-
tus’ meaning tide or billowing movement). In these authors’
view, the terms ‘estuary’and ‘estuarine’ should properly be used
to indicate situations characterised by tides (the ‘tidal concept’
of the term). In their stimulating paper, they provided a series
of definitions for an estuary, going back to the appearance of
the term in the English lexicon during the 16th Century. Actu-
ally, early definitions of an estuary are based on tides. The first
text that explicitly defines an estuary is the ‘Etymologies’ by
Saint Isidore of Seville written ∼621 AD (that, translated, says
‘Tide pertains to the ocean, strait to all seas. For the tide is the
flow or the ebb of the sea, that is restlessness; therefore estu-
aries are those places where the sea in turn goes in and out.’
Isidorus Hispalensis 621, 13.18). A similar definition is given
by Rabanus Maurus in his ‘De rerum naturis’ (Rabanus Maurus
846, 11.7). The two compilers most likely refer the term to inter-
tidal areas affected by ample ocean tides, as on north-western
European shores. Another historically relevant definition of an
estuary mentioning tides was given by Charles Lyell (1833) in
his ‘Principles of Geology’ ‘inlets of the lands which are entered
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both by rivers and tides of the sea’ (p. 323). Tides are also cen-
tral to the definitions of Odum (1959) ‘river mouth where tidal
action brings about a mixing of salt and fresh water’ (p. 364) and
Fairbridge (1980) ‘an inlet of the sea reaching into a river valley
as far as the upper limit of tidal rise. . .’ (p. 7). The latter, in its
complete form, was considered to be a suitable definition of an
estuary by Elliott and McLusky (2002). This concept of the term
refers more to a single physiographical type than to a collective
class.

Estuaries ‘brackish concept’
The early meaning of ‘estuary’ in English was related to a

coast open to tidal expansion; ‘river mouth’ and ‘estuary’ were,
therefore, distinct. The idea was that the river enters the estuary
(see Simpson and Weiner 1989); the two terms became inextri-
cably linked probably because British rivers typically face tidal
areas. Despite its etymology, not all definitions of estuary refer to
tides; other common definitions focus only on the dilution of sea-
water by freshwater derived from rivers or, generally, from land
drainage (‘brackish concept’). Ketchum (1951) defined an estu-
ary as a ‘region where river water mixes with, and measurably
dilutes, sea water’ (p. 19). Tides are not included in the per-
haps most widely used definition of an estuary: ‘a semi enclosed
coastal body of water which has a free connection with the open
sea and within which seawater is measurably diluted with fresh
water derived from land drainage’(Cameron and Pritchard 1963,
p. 306; Pritchard 1967, p. 3). It should be pointed out that sub-
stitution of the word ‘river’ by ‘fresh water derived from land
drainage’ takes into account groundwater flow that can be an
important source of fresh water (Nixon et al. 2004).

Day (1981), considering the applicability of Pritchard’s defi-
nition to estuaries of the southern hemisphere, produced a similar
definition basically changing ‘free connection with the open sea’
to ‘either permanently or periodically open to the sea’, thus
including all coastal water bodies that are connected to the sea
only occasionally. Tides are also not taken into account in the
broader definition of Cowardin et al. (1979): ‘The Estuarine Sys-
tem [. . .] consists of deepwater subtidal habitats and adjacent
tidal wetlands that are usually semienclosed by land but have
open, partly obstructed, or sporadic access to the open ocean,
and in which ocean water is at least occasionally diluted by fresh-
water runoff from the land. . .’ (p. 18). A definition based on the
‘brackish concept’ was proposed by the United Nations: ‘gen-
erally broad portion of a river or stream near its outlet that is
influenced by the marine water body into which it flows. . . .’
(United Nations Statistics Division 1997).

Hopkinson and Hoffman (1984) underlined the need to
extend Cameron and Pritchard’s definition to the whole inter-
face system coupling continent to ocean, including the nearshore
region. On the other hand, the need to expand the definition
to include high-salinity systems typical of dry climates (e.g.
negative or inverse estuaries) steered some authors towards a
definition less dependent on seawater dilution. Tomczak (1996)
proposed the following definition: ‘An estuary is a narrow, semi-
enclosed coastal body of water which has a free connection with
the open sea at least intermittently and within which the salinity
of the water is measurably different from the salinity in the open
ocean’. This definition is broad enough to include inverse estu-
aries. The appearance of the term ‘semi-enclosed’ (or similar)

limits the inclusion of brackish offshore waters in the definition
and is central in the next group of definitions.

Lagoons
The term ‘lagoon’ originated from the Latin ‘lacūna’, mean-

ing gap, pond or pool (see also ‘lacus’, lake). The Venetian word
‘laguna’ derived from the Latin term and spread in Italian lit-
erary texts from the 16th Century, with the meaning of shallow
coastal basin connected to the sea (Pisani 1960). This term has
been present in the English lexicon since 1612; the word came
from the Italian ‘laguna’ because it was first used with reference
to the lagoon of Venice (Serjeantson 1936).

Postma (1969) gave the following definition: ‘a body of shal-
low coastal water with a restricted connection but free exchange
with the adjacent open sea’(p. 422) that is similar to the definition
given in the same Symposium on Coastal Lagoons by Phleger
(1969), who added that the major axis is oriented parallel to the
coast. Kjerfve (1994) synthesised the definitions of the Sympo-
sium: ‘a shallow coastal water body separated from the ocean
by a barrier, connected at least intermittently to the ocean by
one or more restricted inlets, and usually oriented shore-parallel’
(p. 3). Barnes (1980) adopted a plain definition from the Oxford
English Dictionary (Simpson and Weiner 1989) ‘an area of salt
or brackish water separated from the sea by low sand-banks or a
similar barrier, esp. one of those in the neighbourhood ofVenice’.
In the same textbook, he reported the distinction made by many
geographers between ‘estuarine lagoons’ into which rivers flow
and ‘marine lagoons’ without a major freshwater input. ‘Marine
lagoons’ are often called ‘coastal lakes’, especially when the
connection with the sea is reduced or temporarily obliterated.
The term ‘estuarine lagoon’ is not unequivocally defined; the
Glossary of Hydrology issued by the American Geological Insti-
tute (Wilson and Moore 2003) defined ‘estuarine lagoons’ as
lagoons ‘produced by the temporary sealing of a river estuary
by a storm barrier’ (p. 74) and put them in synonymy with ‘blind
estuaries’. Some authors (e.g. Heap et al. 2001) refer to ‘estu-
arine lagoons’ as ‘wave-dominated estuaries’ and leave the term
‘(coastal) lagoons’ to small, shallow basins that have very low
freshwater input, that is, ‘marine lagoons’. Kjerfve (1994) sug-
gested a classification of lagoons according to water exchange
with the sea: at one extreme there are the ‘leaky lagoons’charac-
terised by abundant seawater exchange, at the opposite extreme
there are ‘chocked lagoons’ with little connection with the sea.
This classification can be further refined at a local scale; for
instance, in New Zealand, Kirk and Lauder (2000) described
two subtypes of chocked lagoons typical of that geographical
region.

The acronym ICOLLs for ‘Intermittently Closed and Open
Lakes and Lagoons’ has been developed by Australian authors,
and includes small coastal lagoons and small coastal creeks, with
entrances that are mostly closed as well as occasionally closed
barrier estuaries with untrained entrances (Roy et al. 2001).
ICOLLs are conceptually related to ‘Temporarily Open/Closed
Estuaries’ (TOCEs; Whitfield 1992), a term originating in the
South African literature where 70% of estuaries belong to this
class (Whitfield 1995). ‘Intermittently Closed Estuaries’ (ICEs)
and ‘Intermittently Open Estuaries’ (IOEs) were proposed to
classify TOCEs more precisely on the basis of the average time
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they are linked with the sea (Whitfield and Bate 2007). In defin-
ing ICOLLs and TOCEs, stress was put on the intermittent
character of the connection with the sea. Periodic or unpre-
dictable floods and marine overwashing are the leading factors
in determining the mouth phase (Hadwen and Arthington 2006;
Rustomji 2007). When closed, these environments have no inter-
action with the sea with water levels and salinity responding to
hydrological balance. They can vary from oligohaline to hyper-
haline.Variation in the connection with the sea affects the energy
and biogeochemical budgets and nutrient regime, along with
related biological processes, such as primary production (Snow
and Adams 2007). Hadwen and Arthington (2006) reported a
series of terms such as ‘seasonally open estuaries’, ‘closed
estuaries’, ‘temporary lakes’and ‘semi-permanently closed estu-
aries’ that has been used locally for similar environments. Some
authors explicitly include artificially managed systems (e.g. Dye
2006).

Eu/hyperhaline coastal systems typical of Mediterranean cli-
mates not covered by the term are ‘bahiras’. ‘Bahiras’(‘small sea’
in Arabic, definition in Guelorget and Perthuisot 1989) are land-
locked continental depressions of various origins invaded by
the sea during post-glacial transgression, communicating with
the sea by permanent passages and usually deeper than lagoons
(Guelorget and Perthuisot 1983).Another type of lagoon, or estu-
arine lagoon, is the ‘liman’. This term refers to basins formed by
sediment accumulation at the mouth of a river either by fluvial
transport (fluvial limans) or coastal transport (marine limans)
(Vespremeanu 1987). This term typically identifies brackish
basins, but is often applied to lake-like water bodies in an
estuarine area (Konstantinov 1979) that became fresh after modi-
fication of the connection with the sea.The attribution of the term
to fresh or brackish environments is not always unequivocal, per-
haps because it developed along the north-western shores of the
Black Sea, a region where large rivers flow into a brackish nanoti-
dal sea and oligohaline conditions are common in coastal basins.
The term (limán, ‘liman’) originated from the Greek ‘limenas’
(λιµένας) meaning ‘harbour’ and spread throughout the Black
Sea area during the Turkish domination (Fasmer 1967; Ozhegov
and Shvedova 1992). The term is used by European Black Sea
countries and sporadically along Russian coasts. Examples are
the Dniester Liman in Ukraine and the Beysugsky Liman in
Russia. It is evident that there is a very wide spectrum of coastal
lagoons with, on the one hand, ‘marine lagoons’and, on the other,
‘estuarine lagoons’.

‘Estuarine system’
Considered separately, lagoons and estuaries show marked

differences in physiographical, hydrological and ecological fea-
tures (Barnes 1994a, 1994b); nevertheless on sedimentary coasts
‘marine lagoons’ and estuaries are the endpoints of a con-
tinuum. Lagoons into which rivers flow, that is, ‘estuarine
lagoons’ (Barnes 1980; Kjerfve 1989) are in the midpoint of
this continuum.

Yáñez-Arancibia et al. (1994) focussed attention on the fact
that coastal lagoons are defined mostly on geomorphologi-
cal terms, whereas estuaries are defined mainly in terms of
hydrological conditions and gradients of salinity and density
(Yáñez-Arancibia et al. 1994 and references therein). The ety-
mological roots of the two terms reflect this situation. The term

‘lagoon’ (Latin ‘lacūna’) has a strong geomorphic denotation,
whereas ‘estuary’ is a term related to tides (latin ‘aestus’) of
hydrological denotation. Kjerfve (1989) proposed a very open
definition neutral for both tides and salinity: ‘An estuarine sys-
tem is a coastal indentation that has a restricted connection to
the ocean and remains open at least intermittently’ (p. 50). This
definition is focussed on the spectrum of environments, with
coastal lagoons generated by wave action at one end and deltas
at the other, where the river flow is dominant and retains only
the degree of enclosure from the marine environment as the
main estuarine feature. Day andYáñez-Arancibia (1982), recog-
nising important ecological analogies between estuaries and
lagoons, proposed the comprehensive term ‘lagoon–estuarine
environments’, defined as ‘shallow, semi-enclosed water bod-
ies of variable volume, connected to the sea in a permanent
or ephemeral manner, with variable temperature and salinities,
permanent muddy bottoms, high turbidity, irregular topographic
characteristics, and biotic elements’ (in Yáñez-Arancibia et al.
1994, p. 363). This definition underlines the high turbidity of
these water bodies, not always present in semi-enclosed coastal
systems, which can have high sediment-trapping efficiency and
consequent naturally low turbidity. This term is currently used
mostly in literature from Central and South America.

Brackish waters
From a linguistic point of view, ‘brackish water’ means ‘partly
fresh, partly salty’ (etymologically a ‘broken’ water; Simpson
and Weiner 1989). Although the term is sometimes used to
indicate hyperhaline waters (i.e. brines), it is normally used
to designate waters that are saltier than freshwater, but less
salty than seawater. The lexical definition of ‘brackish’ therefore
includes inland brackish lakes, where salts are supplied mainly
by rocks and soil weathering (i.e. athalassic; Bayly 1972), such
as Qinghai Lake (on theTibetan Plateau), and brackish seas, such
as the Baltic and Black Seas. Barnes (1994a) offered a definition
specifying that in our context, the term ‘brackish waters’ is prop-
erly applied where the salts are of thalassic origin (i.e. supplied by
seawater). This author (Barnes 1980) also pointed out the differ-
ence between the terms ‘saline’, applicable to inland salty waters,
and ‘haline’, appropriate for coastal waters. This designation
excludes inland brackish water bodies from the definition. The
composite term ‘coastal brackish waters’ (or ‘brackish coastal
waters’) used in many papers (e.g. Barnes 1999) can be used to
restrict the term to coastal environments and exclude brackish
seas.

Half a century ago, marine biologists decided to avoid the use
of ‘brackish’ as a classificatory term ‘because of its ambiguous
meaning’, proposing the term ‘mixohaline’ to indicate diluted
seawater (Anonymous 1959, p. 243). Nonetheless, the term is
used colloquially to indicate water or an environment that is nei-
ther marine nor fresh.Appropriate definitions based on one of the
existing classification systems (e.g.Anonymous 1959; Por 1972;
Bulger et al. 1993) would be more correct in scientific papers
when precise identifications of salinity ranges are needed. This
inclusive term is also suitable for basins characterised by large
spatial or temporal excursions in salinity not definable by a sin-
gle Venice System class. Den Hartog (1974) preferred the more
ecological term ‘brackish habitat’ to ‘brackish waters’ in view



502 Marine and Freshwater Research D. Tagliapietra et al.

of the fact that other factors in addition to average salinity have
to be considered in a ‘brackish’ environment classification. For
a historical review on the brackish water classification previous
to the Venice System, see Segerstråle (1959).

Paralic
A broad term meant to identify the coastal systems that are the
subject of the present paper is ‘paralic’. ‘Paralic basin’, ‘paralic
environment’, ‘paralic ecosystem’ ‘paralic habitat’ and ‘paralic
domain’ are the main related composite terms. The adjective
‘paralic’ (from the ancient Greek, παραλιoσ, ‘parálios’, ‘by
the sea’) can be found in the English lexicon since the early
20th Century. The presence of the term in the English language
can be dated to 1911, both in the form ‘paralic basin’ and in
the German form ‘paralisch’, with reference to the Naumann
theory of coal deposits formation (Naumann 1852; in Stevenson
1911). The term ‘paralisch’ has therefore been used in German
since at least 1852, whereas in French the term ‘paralique’ has
been in use since 1877 (Simpson and Weiner 1989). The first
mention of ‘paralic’ in a technical manual probably occurred in
‘Stratigraphy and Sedimentation’ (Krumbein and Sloss 1963).
Until then the term had been used in geological contexts, yet in
1964 it was used to define mangrove forests (Scholl 1964). The
term was used by Perthuisot (1975) to qualify evaporitic basins
whose salts were essentially of marine origin.

Paralic environments
This term can be used to indicate a large number of coastal

settings without necessarily bringing tides or freshwater inputs
into play. The cataloguing includes a wide range of sedimentary
environments, such as deltas, estuaries, bays, mangrove swamps
and coastal lagoons. ‘Paralic environments’ can range in salinity
from hypohaline to euhaline to hyperhaline (Emery and Myers
1996; Neuendorf et al. 2005), according to fluvial, tidal and
climatic regimes. ‘Paralic’ is commonly used in the geological
sciences and is widely used by foraminifera researchers (e.g.
Serandrei-Barbero et al. 1999; Debenay and Guillou 2002).

Paralic domain
The term ‘paralic domain’ has been used by a small group

of marine ecologists (e.g. Lefebvre et al. 1997; Debenay et al.
2003; Frenod and Goubert 2007) since the work of Guelorget
and Perthuisot (Guelorget and Perthuisot 1983; Guelorget
et al. 1987). These French authors identified the environments
between the maritime and continental domains as a distinct
domain: the ‘paralic domain’. The term ‘paralic domain’was not
limited to coastal environments, since it includes large bodies of
water, such as the Baltic Sea (Guelorget and Perthuisot 1983).
The term was coupled with their ‘confinement theory’ because
they identify ‘confinement’ as the fundamental parameter of the
paralic domain. The ‘degree of confinement’ is a characteristic
of being contained, possibly creating an adverse environmental
gradient. In this theory, the biological zonation of a given body
of water should reflect the ‘confinement field’, ‘confinement’
being a variable defined as the mean time taken by the dissolved
elements of the marine reservoir to reach any given point of the
basin (Perthuisot and Guelorget 1995). Therefore, in the view of
Guelorget and Perthuisot ‘confinement’ is not an attribute com-
parable to ‘semi-enclosed’ for estuaries, but rather a quantifiable

variable. As they specified (Guelorget and Perthuisot 1989, p. 1;
Guelorget and Perthuisot 1992, p. 216) ‘The adjective “paralic’’
applied to an area, a basin or an ecosystem, simply means that it
possesses a certain relationship with the sea’; therefore, the use
of the term itself would not imply any acceptance or refusal of
the confinement theory.

Transitional
The term ‘transitional’ comes from the Latin ‘transitiònem’,
which means passage from one place or state to another. ‘Tran-
sitional environments’ and ‘transitional waters’ are the main
related composite terms.

Transitional environments
The transition is, in this case, between terrestrial and mari-

time domains. As far as we know, the first scientific definition
of ‘transitional environments’ was given by Twenhofel, one of
the founders of sedimentology, in his book ‘Principles of Sedi-
mentation’: ‘Transitional environments – the place of meeting of
land and sea produces environments that are ruled jointly by the
two great environmental realms, or each alternatively maintains
an often repeated rule for short time’ (Twenhofel 1939, p. 91). A
more synthetic definition was given by Füchtbauer (1974, p. 109)
‘Transitional environments are intermediate in time or space
between marine and nonmarine environments’. ‘Transitional
environments’ are ruled by hydrodynamic forces and fashioned
by the joint and/or alternating action of marine and continental
processes. ‘Transitional environments’ are represented mainly
by estuaries, deltas and lagoons, but they also include other
coastal environments such as beaches and prodeltas.

Transitional waters
The term ‘transitional waters’ usually expresses the transi-

tion between water masses with different physical properties;
the ‘transition’ this time is between freshwater and seawater.
‘Transitional waters’ is a legal term introduced by the WFD
(European Community 2000) that is rapidly consolidating as a
scientific term. The recent WFD aims to protect and improve the
physical and biological conditions of European aquatic ecosys-
tems. To achieve these challenging goals, the WFD identifies
the following surface-water categories: rivers, lakes, transitional
waters and coastal waters. The term is central to the WFD and
subsequent guidance documents (European Commission 2003)
and is increasingly used in technical papers and regulations.
The given definition, ‘. . .bodies of surface water in the vicin-
ity of river mouths which are partly saline in character as a
result of their proximity to coastal waters but which are sub-
stantially influenced by freshwater flows’ (WFD, Article 2.6),
is very close to the definition of estuary given by Pritchard
(1967) and Day (1981). ‘Partly saline in character’ and ‘substan-
tially influenced by freshwater’ is equivalent to ‘brackish’. The
main difference between the ‘brackish concept’ of estuary and
‘transitional waters’ seems to be the change of the expression
‘semi-enclosed’ to ‘in the vicinity of river mouths’, resulting
in the inclusion of river plumes into ‘transitional waters’, as
clearly indicated by a subsequent technical guidance: ‘If river-
ine dynamics occur in a plume outside the coastline because
of high and strong freshwater discharge, the transitional water
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may extend into the sea area’ (Common Implementation Strat-
egy 2002; Section 2.3.4, p. 27). This specification restricts the
‘brackish concept’ to the surroundings of river mouths, resulting
in a limited extension of the ‘tidal concept’. These definitions
exclude other ‘brackish coastal waters’, such as some of the
coastal waters of the Baltic Sea and the Black Sea.

Discussion

Almost all the terms presented in the previous section contain
some vagueness that can limit their use. The term ‘estuary’ is
used both for a single physiographical type and for a group of
types, including fjords and deltas. In the various definitions of
an estuary, the conditions used are mainly the presence of tides,
seawater dilution from fresh watercourses and partial isolation
of the water body. In some definitions, there is an explicit refer-
ence to fluvial landforms, such as ‘river mouth’ (Odum 1959),
‘river valley’(Fairbridge 1980) or ‘narrow’(Tomczak 1996).The
term ‘estuary’ is applied sensu stricto to the ‘tidal concept’ of an
estuary because it retains the original tidal root. Lyell’s (1833)
early definition expresses this concept and precedes the analo-
gous definitions given by Odum (1959) and Fairbridge (1980)
by more than a century. Therefore, according to the more rig-
orous definitions there are not estuaries without tides, so these
definitions of the term exclude non-tidal water bodies from the
estuarine family.Among these are some important systems, such
as the deltas of the two largest European rivers, the Volga (drain-
ing into the Caspian Sea) and the Danube (Black Sea), the delta
of the longest African (and world’s) river, the Nile (Mediter-
ranean Sea), and the delta of the largest North-American river,
the Mississippi–Missouri (Gulf of Mexico).

Here the reasoning becomes delicate; what is the minimum
tidal range for a water body to be considered tidal? Microtides
range from zero to 1 m (Hayes 1979) or 2 m (Davies 1964); by
definition, a water body should be considered tidal even with a
mean tidal range of a few centimetres, and as a consequence very
few coastal waters remain non-tidal. To avoid the tidal/non-tidal
dichotomy, Tagliapietra and Volpi Ghirardini (2006) suggested
the use of a lower tidal category, the nanotidal. Nanotides are usu-
ally masked by meteorological conditions and waves; as a result,
the common perception is that ‘real’ tides begin with microtides
and nanotidal water bodies can therefore be considered non-tidal.
In the presence of nanotides, for example, in the Mediterranean,
submergence is dependent more on wave motion or baromet-
ric pressure than tides; in this case the intertidal is referred to
as mediolittoral (Ètage mediolittoral; Pérès and Picard 1964).
When the term ‘tides’; ‘tidal’ or ‘non-tidal’ are present in defini-
tions, the tidal range or tidal classes they are referring to should
be specified.

The ‘brackish concept’ extends the term ‘estuaries’ to non-
tidal areas, but it loses some etymological strength because the
presence of tides is no longer a necessary requisite. Nonetheless,
it is to the image of a river mixing with the sea that we owe the
classical idea of ‘estuary’ and the diffusion of this definition in
the scientific and legal literature, as in everyday language, makes
the ‘brackish concept’ of an estuary the most accepted conno-
tation. Definitions by Pritchard (1967) and Day (1981) are the
most consolidated, but it is the definition of Ketchum (1951) that
gives the idea in a few words. The clause ‘measurably diluted’

contained in these definitions excludes negative estuaries and
prompted Tomczak (1996) to another definition tailored to arid
climate estuaries.

Categorisation of ICOLLs and TOCEs, along with other
terms defining intermittently opening systems, reflects the
debate about the different concepts of ‘estuary’. ICOLLs are
sometimes considered a subset of estuaries (Roy et al. 2001)
and sometimes not because they do not always experience tides
and water dilution (Hadwen and Arthington 2006). Some prob-
lems arise from the attribution of shallow basins receiving a
considerable freshwater input to lagoons or estuaries, but they
can be overcome by accepting the idea of the lagoon–estuary
typological continuum. To cover the whole continuum, Kjerfve
(1989) gave a definition of the ‘estuarine system’ founded on the
geomorphic idea of water bodies developing behind or across
the coastline, with no reference to tides or salinity. It is not clear
if this continuum refers only to sedimentary shores; in any case
the definition also fits rocky shore environments.

Brackish, paralic and transitional are the adjectives used in
the more inclusive terms. These requisites also reveal the envi-
ronmental models where they originated: ‘brackish’ stresses the
importance of freshwater inflow and seawater dilution, ‘paralic’
underlines the proximity of the sea and the role of the marine
component, ‘transitional’ points out the presence of gradients
and ecotonal traits. The term ‘brackish waters’ (or ‘brackish
habitats’) excludes ‘marine lagoons’and generally eu/hyperaline
environments from the definition. This definition, based on sea-
water dilution, can also be applied to open shores or to very
large water bodies like the Baltic Sea. The discussion about the
term ‘paralic’ drew attention to the fact that much of what is
called ‘brackish water fauna’ (Barnes 1989) occurs not only in
diluted seawater, but also in euhaline and hyperaline conditions.
Barnes (1994b) stated that ‘paralic environments’would be gen-
erally termed ‘brackish waters’ in English. The correspondence
of the terms ‘paralic’ and ‘brackish’ was also reported by Elliott
and McLusky (2002). This correspondence is not entirely cor-
rect because the term ‘paralic’ also includes environments that
are not ‘brackish’, for example, marine lagoons. The disagree-
ment between Barnes and Guelorget and Perthuisot was more
a difference of opinion on the ‘confinement’ theory rather than
on terminology. Barnes (1994b) expressed some criticisms about
the application of the confinement theory to European macrotidal
environments on the basis of the occurrence of characteristic
groups of species (i.e. marine/estuarine, lagoonal and fresh-
water species) in north-western European waters. The French
authors replied sustaining their positions on the basis of species
distributions in Mediterranean lagoons, concluding that neither
the term ‘lagoonal’ nor the terms ‘marine/estuarine’ used by
Barnes were appropriate (Perthuisot and Guelorget 1995). The
debate following these articles was very limited; as a conse-
quence of the association with the confinement theory this term
did not spread among marine ecologists, but in other scientific
disciplines, such as geology, palaeobiology and biogeography,
‘paralic’ is currently used to identify this class of environments.
The adjective ‘paralic’ was historically coupled with the terms
‘domain’ and ‘realm’ (Guelorget and Perthuisot 1983, 1989) to
underline the originality of this category of environments, which
should be considered not just a mere blending of marine and
continental realms, but a self-standing entity with new emergent
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properties. The use of ‘paralic’ itself would not imply any accep-
tance or refusal of the theory and it could be accepted (if not
welcomed; Barnes 1994b) as neutral with respect to salinity and
advantageously used as a term comprehensive of estuaries and
lagoons. The adjective ‘transitional’ highlights the presence of
gradients, a crucial feature of these environments. ‘Transitional
environments’ was applied to the coast, including open beaches;
therefore, it is less connotative of the protected environments
that are the subject of this discussion.

After their stimulating article on the need for definitions in
understanding estuaries (Elliott and McLusky 2002), McLusky
and Elliott (2007) promoted a both formal and substantial dis-
cussion on the use of the composite term ‘transitional waters’.
According to these authors, ‘transitional waters’ can be con-
sidered a linguistic evolution in this subject area because the
expression includes classical estuaries and non-tidal brackish
lagoons, bringing together tidal and non-tidal brackish coastal
water bodies. These authors suggested that the term was a way
for legislators to avoid the problem of the use of tides in defin-
ing estuaries (McLusky and Elliott 2004). Dauvin et al. (2008)
criticised the term, judging it to be ambiguous with no scientific
basis and underlined the uncertainty about the inclusion of envi-
ronments other than estuaries (e.g. lagoons), owing to the stress
placed by the WFD definition on salinity gradients/variations.
The legal term introduced in the WFD influenced its adoption as
a scientific term; this is evident from the increasing frequency of
the term in scientific papers. A quick online search on the ‘Web
of Science’on the term ‘transitional water(s)’ resulted in 82 doc-
uments in the past 30 years (1978–2007). No record was found
before 1991. The first paper referring to ‘transitional waters’ in
the sense of ‘estuarine’ waters was published in 2002, previous
papers used the term with reference to temperature transitions.
After the issuing of the WFD, the number of scientific papers
that used the term increased (Fig. 2). The term ‘transitional
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Fig. 2. The number of papers reporting the term ‘transitional water(s)’ from the scientific literature from 1991
to 2007. Terms in grey are used in the sense of the Water Framework Directive; terms in white are used in other
senses.

ecosystems’ was used in the scientific literature in addition to
‘transitional waters’ to indicate estuaries, lagoons and wetlands
(e.g. Basset et al. 2006; Danovaro and Pusceddu 2007; Simboura
and Reizopoulou 2008). In our opinion, the recent diffusion and
success of the term ‘transitional’ results from, in addition to its
inclusion in the WFD, a need to condense within a single defini-
tion the trait that mainly characterises these environments, that
is, the presence of strong environmental gradients. In 2007, two
new journals dedicated to the subject,TransitionalWater Bulletin
and Transitional Water Monographs, were launched on the web.
A growing number of scientific papers now include euhaline or
hyperhaline coastal environments, such as ‘marine lagoons’ and
saltworks, under the term ‘transitional waters’(e.g. Barbone et al.
2007; Evagelopoulos et al. 2007; Orfanidis et al. 2008). Despite
the increasingly open use of the term, ‘transitional waters’ can-
not be extended to include eu/hyperhaline lagoons because it
will be in contrast with the legal and managerial definition given
in the WFD.

Terms and definitions presented above reflect their scientific,
historical and geographic context. Definitions generated in a
given context are often revised when terms are taken by another
discipline, sometimes drifting from their etymological roots.
Definitions are not free of regional influences. For instance, the
most quoted definitions of estuaries reflect the historical devel-
opment of the term along the temperate North Atlantic coasts
and modifications of the original definitions are needed to be
extended to arid climates. In the discussion about ‘brackish’ and
‘paralic’, British authors supported the term that points out the
importance of the saline gradient as if their viewpoint were clas-
sical estuaries, whereas French authors supported a term that
underlines the importance of the marine gradient as if their view-
point were marine lagoons. The need for aggregation of ‘marine
lagoons’ and ‘estuaries’ in a single term also seems to be influ-
enced by the importance of lagoons in regional coastal seascapes.
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Scientists working in Mediterranean climates, where lagoons are
frequent, felt the need to join marine lagoons and estuaries, this
is the case of the ‘lagoon–estuarine environments’ proposed by
Day and Yáñez-Arancibia (1982) and the ‘paralic domain’ pro-
posed by Guelorget and Perthuisot (1983), but also a reason for
the extension of the term ‘transitional waters’ to euhaline and
hyperhaline water bodies operated de facto by Mediterranean
scientists.

From the definitions, the main attributes have been dis-
tilled and arranged in a conceptual scheme to have a direct
and overall perception of their relationships. These attributes
are either hydrological or geomorphic. Hydrological attributes
include the presence of distinct tides (‘tidal’) and seawater dilu-
tion (‘brackish’).The main geomorphic attributes reported in the
definition are ‘river mouth’ and ‘river valley’, ‘semi-enclosed’
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Fig. 3. Euler diagram showing the relationships among attributes used
in the definitions specified in Table 1. Hydrological attributes comprise
‘brackish’ (B) and ‘tidal’ (T); geomorphic attributes ordered in terms
of increasing inclusiveness are ‘river mouth’/‘river valley’ (1), ‘semi-
enclosed’/‘indentation’ (2) and ‘coastal’/‘littoral’ (3).

Table 1. Relationships between the terms denoting groups of coastal environments and hydrological and geomorphic
attributes according to the Euler diagram in Fig. 3

Hydrological attributes comprise ‘brackish’ (B) and ‘tidal’ (T); geomorphic attributes ordered in terms of increasing inclusiveness are
‘river mouth’/‘river valley’ (1), ‘semi-enclosed’/‘indentation’ (2) and ‘coastal’/‘littoral’ (3). Intersections are denoted by the symbol

‘∩’, according to the syntax of set theory

Terms Attributes Main references

Transitional environments 3 Twenhofel 1939; Füchtbauer 1974
Paralic environments/domain 2 Guelorget and Perthuisot 1983
Semi-enclosed littoral ecosystems (SELE) 2 Guarini and Blanchard 2001
Coastal waterways 2 OzCoasts 2000; Madden and Grossman 2004
Estuarine systemsA 2 Kjerfve 1989
Lagoon–estuarine environmentsA 2 Day and Yáñez-Arancibia 1982
Brackish waters (coastal) B∩3 Segerstråle 1959; Den Hartog 1974; Barnes 1994a
Estuaries (‘brackish concept’) B∩2 Ketchum 1951; Pritchard 1967; Day 1981
Transitional waters B∩1 European Community 2000
Estuaries (‘tidal concept’) B∩1∩T Lyell 1833; Odum 1959; Fairbridge 1980

ARocky shores possibly not included.

and ‘indentation’, ‘coastal’ and ‘littoral’ and these attributes can
be ordered according to inclusiveness.

Fig. 3 is a Euler diagram representing the main attributes;
the intersection between the attributes defines the relationships
between coastal environments according to the definitions.These
relationships can be formalised by the means of set theory
(Table 1). Basic physiographical types can also be located in the
Euler diagram. For instance, an estuarine lagoon is located on
the intersection between ‘tidal’, ‘brackish’ and ‘semi-enclosed’
sets.

Existing definitions put emphasis on geomorphic and hydro-
logical features, but geomorphic attributes also imply hydrolog-
ical processes; the attribute ‘semi-enclosed’ (or similar terms
such as ‘indentation’) involves a feature of paramount impor-
tance not expressly formulated in definitions, that is, a limited
supply of seawater to the system.Therefore, in current definitions
we can find the two main components of the composite gradi-
ent: the salinity, explicitly recognised, and the seawater renewal,
implicit in the ‘semi-enclosed’ condition.

The present paper has shown that there are some difficulties
in producing a single term and a suitable definition for the whole
class of environments. To the best of our knowledge, it seems
that there are no obstacles to expanding the definition of Kjerfve
(1989) to the whole class.This definition can be applied to proper
estuaries, rias, fjords, fjards, river mouths, deltas, bar-built estu-
aries, coastal lagoons, bahiras, ICOLLs and embayments. It can
also be applied to artificial or heavily modified water bodies, such
as saltworks, urban canals, aquaculture ponds and harbours. The
associated term ‘estuarine system’ cannot be used without gen-
erating confusion with the previous use and with other uses of
the adjective ‘estuarine’ because it refers not only to ‘estuaries’.

The Australian online coastal information portal ‘OzCoasts’
(OzCoasts 2000) gave a definition of a ‘coastal waterway’ as ‘A
body of water situated on or near the ocean coast, with some asso-
ciation with the ocean. Includes embayments, wave- and tide-
dominated estuaries, wave- and tide-dominated deltas, coastal
lagoons, and tidal creeks’. This definition embraces a large
assortment of coastal water bodies (see also Heap et al. 2001).
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The same definition was picked up by the Coastal/Marine
Ecological Classification Standard (CMECS 2006) developed
through a collaboration between the USA National Oceanic
and Atmospheric Administration (NOAA) and the NatureServe
organisation (Madden and Grossman 2004). The first sentence
of this definition is less precise than Kjerfve’s definition and had
to be followed by a specification of some included environments.
The term ‘coastal waterways’ is usually understood as a gener-
ally navigable body of water, and is little used by scientists in
the CMECS sense.

Among the existing terms, ‘paralic environments’ was
expressly coined for this purpose; it is etymologically correct
because it refers to the relationships of a coastal environment
with the sea. The transdisciplinarity of the term could be partic-
ularly useful in environmental sciences, which are intrinsically
multidisciplinary, and in environmental management. Never-
theless, in the minds of ecologists, the adjective ‘paralic’ has
remained inexorably linked to the related confinement theory
and the term ‘paralic environments’ could not obtain the nec-
essary consensus. A quick online search (1978–2007) on the
‘Web of Science’ provided 258 results for ‘paralic’, of which 23
were in ecology/biology. An alternative existing term is ‘semi-
enclosed littoral ecosystems’(SELE), introduced by Guarini and
Blanchard (2001), but, as far as we know, this term was only used
in a few papers by the authors who had proposed it.

‘Transitional waters’, as defined in the WFD, excludes all
environments not substantially influenced by river flow. Its mean-
ing is therefore very close to the ‘brackish concept’ of estuary,
with the exception that it is not restricted to ‘semi-enclosed’
settings. The use of this term in a wider context is strongly hin-
dered by the existing legal definition in the WFD. However, the
inclusive use of the term is growing. The reason could lie, in
addition to its inclusion in the WFD, in the appeal of the adjec-
tive ‘transitional’, which efficiently draws attention to the main
features of these environments that mark the passage between
marine and non-marine realms: the variability of the milieu and
the structuring action of environmental gradients.

Conclusions

From our analysis, it emerges that there is currently neither a
commonly accepted term nor a common definition for the whole
range of sheltered, semi-enclosed coastal environments.

Only two published terms, ‘paralic environments’ and ‘semi-
enclosed littoral ecosystems’, were expressly created to identify
these environments. The use of either poses some problems:
the first term encountered resistance from ecologists because
of its association with the ‘confinement theory’, the second was
almost ignored. Considering the growing use of the term ‘tran-
sitional’, we suggest that new terms should retain this adjective
because it denotes a major feature of this kind of environ-
ment. In a landscape ecology context, this class could be termed
‘transitional seascapes’. The term ‘seascapes’ is more compre-
hensive than just ‘waters’or ‘habitats’ (Bartlett and Carter 1991;
Costello and Emblow 2005), giving a holistic perspective to the
environment, very close to the idea of the ‘estuarine system’
expressed by Cowardin et al. (1979) as comprehensive of ‘wet-
lands’ and ‘deepwaters’. The adjective ‘transitional’ can also be
applied to the composite gradient that characterises this type of

environment as ‘transitional gradient’. The definition given by
Kjerfve (1989) could conceptually be applied to the entire class
of considered environments. This definition emphasises the geo-
morphic features linked to key processes: as a consequence of
a restricted connection to the sea the supply of seawater to the
whole system is also restricted. Therefore, ‘coastal transitional
ecosystems’ could also be defined as coastal water bodies with
limited seawater supply.
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