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Mangroves are forests: woody trees characterize mangroves

Gordon S. MAXWELLY, Sanit AKSORNKOAE?

Abstract: The recent surprising claim that mangroves are wetlands not forests is challenged in this paper. Two
main arguments were advanced to support the claim that mangroves should be looked upon as wetlands rather than
forests. The first was that “confusion” still exists over what mangroves are. The second argued that mangroves,
like most other wetlands have a low diversity of plants. Both contentions appeared to downplay the idea that
woody plants, ‘trees and bushes’ characterize mangroves. We present a discussion here which aims to confirm the
wisdom of treating, researching and managing mangroves as forest ecosystems. The long-established place of this
perspective is presented along with reasons why the word mangrove may have been subject to some uncertainty,
as when the ‘associate’ vs ‘true’ mangrove status of a tree or fern in a mangrove forest attracts debate. Other forest
issues also emerge. These include the ecophysiological requirements of mangrove status; the process of succession
in mangrove forest change over time; the nature of biodiversity within mangrove ecosystems as it may be revealed
by mangrove biogeography and the fact that mangrove trees, as woody plants, are replaced by herbaceous salt
marsh plants at latitudes where freezing incidents occur.

Keywords: mangroves, woody trees, forests, tidal saline water, wetlands, standing water, mangrove fern, ‘associate’
and ‘true’ mangroves, succession, biodiversity, freezing, xylem embolism

for small boats (Maxwell, personal observation, 1990).

1. Introduction and overview

Recently and surprisingly a claim was made that
confusion continues over the basic nature of man-
groves: Gopal (2014), who clearly stated in the title to
his paper that “mangroves are wetlands, not forests:
some implications for their management”. Here we
critically review this attempt to redefine mangrove
vegetation as wetlands rather than forests and show
that both the foundations of mangrove science and
its discussion over the past two centuries are based
on thinking of mangroves as forests and woody trees
characterize forests.

Mangrove wood has a deep history in ancient Arab
culture as evidenced by the use of Sonneratia, Bru-
guiera and Rhizophora timber in dhow construction
(MacNae,1968). When stationed in Brunei, I witnessed
local fisherfolk making use of the natural curvature
of Rhizophora stilt roots and trunk-supporting but-
tresses as ideal, ready-made construction components

This suggests that the Islamic dimension associated
with boat building is embedded within the cultural
traditions of Malay civilization. The most compre-
hensive account of this historical setting comes from
Chapman (1976) where even the origin of the term’s
mangrove the tree and mangrove the forest is outlined.
Following MacNae (1968), Chapman uses the term
mangrove for the trees and mangal for the forest com-
munity. Clearly, to view mangroves as woody trees
has a very long history in a number of human cultures.
In section 2 of our paper, we look at some of the argu-
ments used by Gopal (2014) to support his submission
that mangroves are wetlands and then comment on
these arguments.

For ease of cross referencing the questions, claims
or issues addressed will be shown in italics.

2. Opinions and discussion

2.1 The term mangrove
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Gopal (2014) claims that there continues to be “con-
fusion” over the basic nature of mangroves or what
are mangroves, as evidenced by the fact that some use
the term mangroves to mean woody trees and bushes
while others call ground ferns and other plants [in
mangroves| mangrove associates.

The word “confusion” as used here does not fully
reflect the disagreements which have sometimes come
when mangroves are discussed. To place the word in
quotation marks is a sensible move. At international
conferences over the past 30 years or so, when a de-
bate or disagreement has surfaced it has often come
with the term “mangrove associate”. This issue was
evident at the international transboundary Diagnostic
Analysis of Mangrove Ecosystems (Macintosh et al.,
2013) and worth commenting upon in a recent survey
of gaps in mangrove science (Maxwell, 2015). While it
may be useful to mention that some inconsistency and
disagreement exist in the mangrove literature with the
way mangroves are defined, let it be clear that ferns,
be they tree ferns, ground ferns or epiphytes where
present (like the mangrove fern, Acrostichum) are part
of any forest ecosystem. This important point was
recently highlighted in a discussion of the outstanding
place of tree ferns in a major study of New Zealand
rainforests (Brock et al., 2016).

2.2 The mangrove fern (Acrostichum) story

In the context of mangrove forests, the fern genus
Acrostichum 1is an essential part of the story. Indeed,
Acrostichum has a long history in mangrove forest sci-
ence. This large fern attracted attention 120 years ago
in studies of mangroves in Sri Lanka (once called Cey-
lon) where Acrostichum was described as a “handsome
plant of bush-like growth forming a marked feature of
the mangrove flora” (Thomas, 1905). Acrostichum can
display dense frond clusters which protrude bush-like
well above the forest floor and it would be misleading
to designate them as ground ferns, because the term
ground fern does not easily fit Acrostichum as this fern
with a bush-like morphology and life span which can,
on occasions, replace woody trees with dense thickets
reaching a height of 3-4 m (Chan, 1989). Acrostichum,
can handle tidal immersion (the only fern known to be
capable of this). In terms of ecological anatomy, the
fern displays features which demonstrate its adapta-
tions to the challenges of survival in a mangrove habi-
tat. These include sclerenchyma fibers in frond tissue
(Hon, 2004; de Arruda et al., 2021): an attribute relat-
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ed to water retention in an environment where salinity
is a major ecological factor. The Acrostichum root
system also exhibits a noteworthy mangrove attribute:
a well-developed aerenchyma (Youssef and Saenger,
1996). Perhaps the importance of the anatomical fea-
tures of the mangrove fern Acrostichum lies in their
similarity to those displayed by woody trees. These
coupled with a gametophyte which can survive salin-
ity (Nakamura, personal comment, 2000) stamp huge
interest on the mangrove fern. It may be misleading to
talk of ‘ground ferns’ in a mangrove forest when there
is but one fern genus currently known for this niche
and this fern exhibits the above ground morphology
rather unlike that of typical ferns. Furthermore, it
would seem inappropriate to look upon Acrostichum
as a “mangrove associate”. The fern has size, man-
grove attributes and ecological influence at a level
which may be as notable as that of the mud lobster.

Acrostichum has featured in discussions of man-
grove forest fossil history: the presence of fronds of
Acrostichum from the English Tertiary *1(Chapman,
1976) is a good example and an important reminder of
notable changes in global climate as it moved towards
an Ice Age at least 2.6 million years ago. In the context
of mangrove biogeography, the presence of mangrove
fern deposits in the London clay reminds us that as
the world distances itself from the last Ice Age, even
a location as far north as London once experienced a
climate conducive to mangroves (Maxwell, 2019). It
also helps those who tend to emphasize that the only
issue worth our attention in climate change is mean
temperature increase may be overlooking climate
cooling and the long-term mega patterns of global
temperature dynamics (Maxwell, 2016). Recently, He
et al. (2025) neatly restated this warning when they
reminded us that “Early Cretaceous greenhouse Earth
was like a symphony — its warm melodies occasion-
ally punctuated by brief glacial notes”. In terms of
mangrove biogeographics, this could mean changes in
species composition from region to region, especially
at the present northern and southern distributions of
mangrove species.

2.3 Interactions: trees, ferns and mud lobsters

The interactions between mangrove trees and
shrubs, mangrove ferns and mud lobsters were themes
of a whole Ph D thesis (Havanond, 2000). The fern
dimension does not stop here. If we consider epiphytic
ferns on mangrove trees, we can find that key rep-
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Fig. 1 Xylocarpus moluccensis: indicator of mature, old-growth
inner mangrove forest.

resentatives of this largely overlooked niche/ group
displaying a strong association with some iconic trees
of the mangrove forest. Xylocarpus moluccensis (Fig.
1) is an example of the later and the fern, Neprolepis
acutifolia, an example of the former (Hayasaka et
al., 2012). Importantly, these epiphytic ferns are cor-
related with what Hayasaka et al. (2012) describe as
‘microenvironments’ of mature woody mangrove
trees; as such they demonstrate how old growth man-
grove can enhance forest biodiversity. These mature
host trees deserve protection. Epiphytes were also
observed in good number in the huge Avicennia ma-
rina mega mangroves (Fig 2) of Ranong (Maxwell,
2019). Although appealing, full and further discussion
of the mangrove fern question is beyond the scope of
the present paper. However, it is important to note that
the designation ‘mangrove associate’ is often used
unscientifically; this is a point that Gopal (2014) may
well have had in mind. Many if not most so-called
‘mangrove associates’ have not yet been received ad-
equate attention in their ecophysiology and ecological
anatomy. The mangrove fern is a good example of this
situation. Nor have all the trees which have been de-
scribed as ‘true’ or ‘exclusive’ mangroves received a
complete eco-physiological profile. The need for atten-
tion such as this was shown by Gray et al. (2010) when
they showed that mangroves may not put excess salt
into old leaves and then shed them as a sort of sacrifi-
cial leaf. More case studies are needed on the sacrifi-
cial leaf hypothesis. This point was highlighted again
recently with Aglaia cucullata (Meepol et al., 2020):
a tree with some outstanding mangrove attributes that
is typically but not exclusively found in a ‘back man-
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Fig. 2 Huge Avicennia marina tree near seaward zone of the
Ranong mangrove forest, southern Thailand.

grove’ ecotonal position in the outstanding 48,000 ha
mangrove forest of the Ranong Province in southern
Thailand. Its presence here has been used as evidence
of a status in the forest of mangrove associate but ma-
ture A. cucullata trees display prominent buttresses
(up to 1 m tall), conspicuous pneumatophores (5-70
cm in height) (Fig 3) and, notably, a very wide salinity
tolerance (from 0.5 ppt to 29 ppt *2) has been reported
with this tree from Myanmar (Win, 2019). The promi-
nent pneumatophores and broad salinity tolerances
are important mangrove attributes. Havanond (2000)
demonstrated from extensive field research in the huge
Ranong mangrove forest, that at least some 4. cucul-
lata trees could cope with the impact of the mound-
building mud lobster that can inhabit the inner (‘back’)
mangrove zone of this forest. At Phang-nga bay, the
mud lobster (Thalassina anomala) could create forest
floor disturbances which gave any succession that may
exist a look of the shifting mosaic pattern (Maxwell,
2015). Thus, both 4. cucullata and the mud lobster are
part of the processes of ecological succession which
occur in the Ranong largely natural stand of ‘old
growth’ mangrove forest and the disturbed forest of
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Fig. 3 Aglaia cucullata displaying prominent buttresses and conspicuous pneumatophores in its ‘back mangrove position in the
Ranong mangrove forest.

Phang-nga bay.

2.4 Succession as a core topic in forest development
Chapman (1976) includes Acrostichum as a stage in
succession in some west African mangroves, where
this fern follows Rhizophora racemosa in open la-
goons and may itself be replaced by Avicennia afri-
cana. We should emphasize that forest succession is
very much a point of interest in forest ecology and
is deeply ingrained in the ecological literature, even
though some prefer the term vegetation dynamics
(Kimmins, 1997). However, due to the complexi-
ties of and time required for studies of succession
in mangrove forests, conclusions are hard to obtain
(Havanond et al., 1999). Zonation patterns have pro-
vided some clues as to how a succession of belts of
different dominant mangroves may develop (Sneda-
ker, 1982 cited in Saenger, 2002). Field studies in the
mangrove forests of Phang-nga bay, southern Thailand
(Minagawa and Nakamura, 1996) showed that while
two zonation patterns were evident (Fig 4), these
were readily subject to change. The changes involved
zone replacement, species invasion, retrogression
and recolonization as both natural events such as tree
fall and extreme tidal episodes brought out-of-zone
propagules into spaces in a given zone. Minagawa
and Nakamura (1996) cleverly linked the distribu-

tion of the main mangrove species to propagule size
and their flotation in sea water to distribution along
the intertidal gradient with largest vertically floating
propagules (Rhizophora mucronata) tending to strand
in the outer seaward zone. Of course, with storms and
extreme tides the water depth and penetration into the
forest would change a pattern based on average tidal
events. Chance events such a small habitat vacancy
can provide changes to these observed patterns and
typical distributions. This was the case in a survey
of a relatively rare pristine mangrove forest in the
Tutong River (an estuarine environment exposed to
the south China sea) in central Brunei, when a mature
and firmly established Xylocarpus granatum tree was
doing well on the seaward or estuarine edge of this
mangrove forest (Maxwell and Havanond, 1991; Ak-
sornkoae et al. (1992). At this undisturbed site in the
Brunei mangrove forest a 2-3 m wide belt of river edge
Kandelia candel trees dominated (Maxwell, 1993;
Maxwell, 1995). To record X. granatum here contrast-
ed with the observations of X. granatum characteristic
of the inner mangrove of the La-un and KraBuri rivers
in this Ranong Province on the west coast of southern
Thailand (Havanond et al., 1999).

The mixed forest referred to in Fig 4 included isolat-
ed specimens of the seaward tree species, like Avicen-
nia marina, but these were outnumbered by Brugiera-
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S— Land ward
Lower littoral Mid littoral Upper littoral Supralittoral
(Above mean high tide)

Zonation Rhizophora Rhizophora

Patfers 1 “oP “ P Mixed forest Back mangrove

a mucronata apiculata
Zonation | Sonneratia albaAvicennia
Pattern 2 officinalis or Avicennia Mixed forest Back mangrove
alba

Fig 4. Two zonation patterns characterizing the mangrove forest of Phanga-nga Bay, southern Thailand (Synthesized from
Miyawaki & Suzuki,1980; Minagawa & Nakamura,1996: Aksornkoae, 1993 and Hayasaka et al,2012). Melaleuca is likely to mark

the back mangrove.

R.apiculata associations with Ceriops, Xylocarpus,
Excoecaria and Phoenix communities taking over
as the forest moved further landward. At other loca-
tions on the west coast of southern Thailand, we may
find further communities of which the Aegiceras/
Kandelia combination near Ranong is a good example
(Aksornkoae, 1993; Maxwell, 1993). The presence of
Kandelia candel at densities which enable this tree
to characterize an association is relatively unusual in
the tropics. To find K. candel in dominant numbers
we usually need to visit the subtropical sites of Hong
Kong and Japan (Maxwell, 1995). In Hong Kong, K.
candel is one of only 8 mangroves, all of which dis-
play some cold tolerance. None of these mangroves
express their biological potential in growth as they
can do in tropical habitats like Thailand’s Ranong
mangrove forest. In Hong Kong they resemble shrubs
rather than trees. Further north (31° N) at the southern
end of Japan’s Kyushu Island, the only mangrove that
can survive here is K. candel (Maxwell, 1995; Suzuki
and Saenger, 1996).

Importantly, in the context of this paper, while the
discussion and uncertainty (we prefer this word to
‘confusion’) about Acrostichum is important, it is use-
ful to emphasize that uncertainty about a particular
mangroves status has typically arisen over its major
vs minor status. Often a mangrove with what may ap-
pear to have a relatively minor status in a forest relates
to its apparent ‘back’ mangrove position; an ecotonal

location in or near the landward fringe of a mangrove
forest (Tomlinson, 1986; Aksornkoae et al. (1992);
Saenger, 2002; Maxwell, 2015).

As an inspection of the abovementioned literature
reveals, mangroves be they tropical or at their biogeo-
graphic limits are best studied and described as forests
characterized by woody trees and shrubs co-existing
with a very competitive, large, rather special fern in
their unique intertidal habitat.

2.5 A second notable claim made in Gopal’s (2014)
chapter was: “Like most other wetlands, man-
groves also have, in general, a very low diversity of
plants (often with only one or two tree species be-
ing dominant)”.

This claim is reminiscent of a theme expressed by a
reporter who had been tasked with summarizing coun-
try reports at an international conference organized
by ISME in the late 1990’s. He exclaimed: “mangrove
forests from the Asia Pacific are a vast collection of
special cases!” A similar response was experienced at
an international conference in 2016 (Maxwell, 2016).
So here there is difficulty in accepting the generaliza-
tion that mangroves have, in general, a very low diver-
sity of plants (often with only one or two tree species
being dominant).

Even studies of the world’s biggest mangrove forest
system, the Sundarbans of both India and Bangladesh,
which some forest ecologists (notably, Karim, 1994
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and Chaudhuri and Choudhury, 1994) have based on
8 dominant trees, hide an impressive forest diversity.
The dominant trees namely, Heritiera fomes, Excoe-
caria agallocha, X. granatum, Xylocarpus mekon-
gensis, Bruguiera gymnorhiza, Sonneratia apetala,
Avicennia officinalis and Ceriops decandra (1994) has
estimated that most of the Bangladesh mangrove can
be classified into some 10 forest types with H. fomes /
E. agallocha forest type covering around 30 % of the
forest. Changes associated with typhoons (tree fall and
saltwater intrusion), tree harvest for fuel or timber and
thatching (Hussain and Ahmed,1994) and oil spills
(Bhuiyan, 2015) has contributed to what Hussain and
Acharya (1994) have described “the heterogeneity
evident in the Sundarbans on a finer scale”. Some of
this less obvious heterogeneity is expressed in the way
various tree species may occur in variable propor-
tions and combinations throughout the Sundarbans.
In addition to diversity in combinations, the dominant
tree species tend to deflect one’s observation of a man-
grove species biodiversity made up of what Chaudhuri
and Choudhury (1994) have called 36 true mangrove
species, 28 mangrove associates and seven obligatory
species. It is unclear how these categories of ‘true’ ‘as-
sociate’ and ‘obligatory’ are determined. While just
one or two tree species may be dominant at a given
site, the diversity or heterogeneity within the Indian
and Bangladesh mangrove forest is impressive. As in-
dicated in an ambitious effort to handle the complexi-
ties of salinity ranges and variations, soil or sediment
types and zonation patterns of the Sundarbans Forest,
Chaudhuri and Choudhury (1994) remind us that clear
and consistent correlations with soil or substratum are
often hard to find in the Sundarbans. Saenger (2002)
devotes some detailed discussion to the mangroves
of the Sundarbans and comments on their high spe-
cies diversity. The UNESCO World Heritage Centre
(WHC) (2023), estimates that the approximate 133,000
to 140,000 ha of the Sundarbans consists of forest and
wetland (canals, creeks, and treeless sediments), with
the forest covering ~ 55 % of this 133,000 — 140,000
ha. It is noteworthy that the WHC distinguishes for-
est from wetland and wise, I believe, to mention this
estimated range in ha because the region is subject to
dynamic factors of eco-geographic change and it is
unsurprising to read that these forests may cover an
area of approximately one million ha (Hussain and
Acharya, 1994).

If we venture to the latitudinal biogeographic limits
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of mangrove distribution and describe mangrove tree
biodiversity, it is easier to find support for Gopal’s
(2014) claim that only one or two tree species charac-
terize mangrove forest vegetation. In the New Zealand
case, where the global southern limits (at present) of
mangroves exist, just one robust, chill tolerant man-
grove tree survives. This is 4. marina. (Chapman
and Ronaldson, 1958, Chapman, 1976; Allen, 1961;
Maxwell, 1971, 1976, 2002, 2015; Crisp et al., 1990;
Saenger, 2002). The A. marina forests of New Zealand
range in height from 3-4 m in the far north (35 12’S)
of New Zealand’s North Island to squat shrubs strug-
gling to exceed 1 m in height in the intertidal zone of
the Ohiwa harbour on the east coast at 38 03’S. In the
Thames Estuarine Harbour, south of Auckland and
equidistant between the northern location and current
southernmost extent of mangrove forest distribution
(37 S), the trees of this unispecific A. marina forest are
very dense (~3 tree trunks/ sq m) and may reach 2-2.5
m in height. In this region of New Zealand’s North Is-
land, the mangroves function as a protective barrier to
man-made stop banks adjacent to the Piako estuarine
river. The architecture of this mangrove helps to de-
fuse the erosive power of storm-driven or normal tidal
inundations. Research by the Mazda group in Viet-
nam demonstrated that a mangrove barrier of around
1000m could reduce 1 m high sea waves to 0.05m and
protect mud crab ponds based on associated with a
managed mangrove ecosystem (Mazda et al., 1997). In
the New Zealand case, the stop banks and mangroves
help to protect valuable, low-lying dairy farmland
from storm-driven tidal invasions (Maxwell, 2023).
For some 50 years the mangrove forest on the seaward
side of the stop banks beside the estuarine reaches of
the Piako River has functioned as an eco-engineer. In
Vietnam the mangrove barrier has been described as
a ‘green wall’ (Hong et al., 2004). In both cases the
mangrove forest functions as an eco-engineer. This is
sustainability in action (Fig 5). Salt meadow or salt flat
herbaceous plants such as the ground hugging glass-
wort, Salicornia quinqueflora with their creeping mat-
like form cannot provide the wave energy diffusion
role afforded by mangrove trees.

If we go north to the Japanese Islands, we find that
K. candel replaces A. marina as the mangrove mark-
ing the most northern geographic limit of mangrove
vegetation. At both southern and northern mangrove
distribution limits only one species exists. Both spe-
cies have an unusual attribute for mangroves: 4. ma-
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Fig. 5 A: Mangroves as eco-engineers: a dense belt of
unispecific Avicennia marina forest protects the stop bank,
protecting farmland from tidal invasion (Piako River,
Hauraki Plaines), B: Piako River and estuary adjacent to
mangrove.

rina and K. candel are chill shock tolerant. (Maxwell,
1995). A batch of studies reveal that another species
of Avicennia, A. germinans, of the Americas also
displays some cold temperature tolerance (Saengar,
2002). Additionally, some strong ecospecific variation
in chill tolerance was identified with studies of 4. ma-
rina ecotypes from Hong Kong and Thailand (Max-
well, 2002). Indeed, this question is quite a big topic
on its own and is beyond the confines of the present
paper.

Similar unispecific stands of mangrove forest can
be found in the Persian Gulf and Egypt, where both
northern temperatures and especially desert fringe
conditions (Amiri, 2014) limit mangrove tree survival
to just the hardiest of species, A. marina.

While these cases of very low species diversity and
unispecific mangrove stands which can be found at
the extremes of global mangrove distribution could
be cited as support for Gopal’s (2014) claim, when we
focus on tropical Asia this idea vanishes. The claim is
also hard to reconcile with the situation in subtropi-
cal Hong Kong SAR which has eight mangrove trees,
all designated as ‘true’ mangroves. The luxuriance
of mangrove forest as can be experienced in Indo-
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nesia’s Borneo, in Brunei, Malaysia, Thailand and
Bangladesh challenge the idea that mangroves are like
“most other wetlands” and have a “very low diversity
of plants”. Certainly, it is possible to encounter some
small and isolated and unusual stands of mangrove
forest. This was the case in Brunei with the almost
unispecific A. marina forest within the Sunghai Pem-
buronguan, an isolated and remote embayment (lat 4.6
N). This A. marina (Api-Api) forest contrasted with
Brunei’s biodiverse mangrove forest associated with
the Brunei River and the 55,000 ha mangroves of Ulu
Temburong National Park. Both offer observation op-
portunities to see the Proboscis monkey (Nasalis lar-
vatus); the presence of this primate endemic to Borneo
being an indicator of mature forest development. Here
the mangrove trees provide food, shelter and home. It
is likely that the Proboscis monkey’s dietary choices
contribute to enhancing tree biodiversity within the
mangrove forest (Tangah and Bernard, 2000) inhabited
by the proboscis monkey. The frequency or keystone
mangrove tree species such as Rhizophora apiculata
may tend to hide the presence of other trees of which
X. molucensis, Sonneratia caseolaris, Avicennia alba
and Ceriops spp are examples (Hamid, 2000).

2.6 Mangroves as wetlands not forest?

Clearly, the theme of Gopal’s paper was that man-
groves are wetlands not forests. To simply seek a
linguistic solution and argue that mangroves are wet-
land forests may not help or result in improvements
in how those with management power over natural
resources conduct their work. This is not the aim
here. An exhaustive study of ecology or biogeography
which looks at both forests and wetlands will reveal
imprecision with the use of both terms. The issue was
reviewed by the Federal Geographic Data Committee,
(FGDC) (2013). This Committee pointed out that wet-
lands feature hydrophytes, undrained hydric soil and
may be covered with water during the growing season
of each year or year-round, as is the case with marshes
and bogs. FGDC based their statement on Cowardin et
al. (1979).

Of course, those in mangrove science may wish to
debate or challenge one of more of the FGDC'’s state-
ments. The term hydrophyte rather than halophyte
may be one. The concept of undrained invites discus-
sion. Mangrove forests, be they species limited or
species rich, typically have drainage channels. Indeed,
the drainage systems of mangrove forests are con-
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spicuous features and ensure that shallow water does
not linger when the tidal water retreats. Importantly,
with intense sunlight that can dry the mangrove forest
floor surface exposed after tidal retreat, this habitat
becomes the opposite of a wetland. Interestingly and
we feel usefully, the FGDC (2013) offered a definition
for mangrove which stated, “tidally-influenced, tropi-
cal or subtropical shrub or forest dominated by true
mangroves and associates”. Perhaps contrasting man-
groves with swamps, the FGDC stated that swamps
are characterized by their saturated soils and slow-
moving waters. A mangrove “swamp” under daily
tidal dynamics is hardly a slow-moving water habitat
like the Typha (T. latifolia) or bull rush habitats, where
typically lake-like freshwater depth is close to 1 m and
permanent (Stace, 2010).

In a recent FAO forest resource assessment paper, a
forest was defined as “an area dominated by trees usu-
ally having a single stem” (MacDiken, 2013). Further
discussion embraced specifying what degree of tree
crown cover was needed to distinguish woodland from
forest. This led to considerations of the differences be-
tween % crown cover in woodland vs forest. However,
the most relevant point here is that forests are domi-
nated by trees.

Perhaps going above and beyond all these issues
discussed so far is the finding by Stuart et al. (2007)
that mangrove trees, as woody plants, dominate coast-
al vegetation in tropical and subtropical regions but
are replaced by herbaceous salt marshes above 32° N
and below 40° S. At these latitudes freezing incidents
cause xylem embolism: trees are faced with water
deficits and cannot survive. Mangroves as woody
trees are excluded from these wetlands; mangroves
be they ‘true’ or ‘associate’ members of this life form
are not herbaceous halophytes. A salt marsh or salt flat
is characterized by squat, semi-prostrate or prostrate
carpet-like, mat-forming halophytes such as Halocne-
mum strobilaceum growing mostly landward of 4. ma-
rina forests belts in Iran (Amiri,2014) or as extensive
creeping mats of Sarcocornia quinqueflora in New
Zealand (Crowe, 1995) again occupying sits landward
of 4. marina (Maxwell, 1971). Both the Iranian and
New Zealand halophytes belong to the glasswort sub-
family, salicornioideae. Clearly, a salt marsh or salt flat
has a rather different ecological structure from a for-
est; carpet-like halophytes contrast with the biological
and ecological diversity provided by erect forest trees
and bushes.
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3. Concluding thoughts

Can we conclude? The claim in Gopal’s book chap-
ter that “mangroves are wetlands not forests” tended
to deflect one from what had the potential to be some
useful ideas about mangrove forest management. Out-
standing in this context was the wisdom of applying
stronger attention to hydrology when managing man-
grove forests for the many sustainable uses they pro-
vide. To disrespect the natural drainage systems which
exist within mangrove formations can easily result in
these systems becoming wetlands with standing water,
as can be seen in 7. latifolia (bull rush) habitats. Under
regimes like this, mangrove trees face waterlogging
and ecophysiological stress. Drainage or hydrologi-
cal challenges like these may apply especially to the
world’s biggest and most ecologically complex man-
grove forest, that of the Sundarbans. Here the land-
based freshwater mega systems based on continental
scales, massive river estuarine deltas and tidal influ-
ences interact on a scale that warrants UNO inputs.
The issue is huge as it touches on mega transboundary
matters that go as far as the massive mountain and wa-
ter resources and supply system based on the Himala-
yan mountains. The long-term survival of the planet’s
biggest and best mangrove forest system deserves
global attention.

If this discussion of mangroves as forests induces
any such attention, we will be delighted. A related rec-
ommendation, too, is that the evocative title of Gopal’s
stimulating chapter be reconsidered to acknowledge
that many who have embraced mangrove forest eco-
systems have been mindful of how tides and rivers
stamp unique character on mangrove forests.
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Geological Time Scale. Camb. U. Press.
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% or 35 %o.
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