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Preface

At the request of Unesco, the Scientific Committee on Oceanic Research
(SCOR) formed Working Group 60 in 1978 to address two major topics of
interest to mangrove scientists throughout the world. The first was to develop
a concise summary of the state of knowledge concerning mangroves and, based
on that, to prepare a handbook on methodological procedures for the study of
mangroves. The working group was composed of scientists of international
reputation in the field, and represented a variety of disciplines. The founding
members of the working group were: Frangois Blasco (France), Valentine
J. Chapman (New Zealand), Hansa Chansang (Thailand), Antonio Lot-
Helgueras (Mexico), Federico Pannier (Venezuela), Samuel C. Snedaker,
Chairman (United States) and Bruce G. Thom (Australia). The first meeting,
held in 1978 in San José, Costa Rica, with all members in attendance, was
deemed highly successful for, among other reasons, there was a unity of opinion
concerning the needs of mangrove researchers. The working group heartily
endorsed the original terms of reference and undertook to establish other terms
of reference unanimously considered to be of equal importance. It was also
recognized that to be successful in its mission, the working group would have
to include a zoologist with experience with mangrove fauna. Dr A. Sasekumar
(Malaysia) was proposed and accepted by the working group. The meeting
concluded with the assignment of research and writing tasks which were
willingly assumed by each member.

Over the next two years, working group members began the preparation
of their assigned manuscripts and frequently communicated with one another
on topics of mutual interest. As would have been expected, V. J. (Val) Chap-
man was the first to submit a completed manuscript. In 1980, when the other
members had completed the basic work, a second meeting was organized. By
that time, A. Sasekumar had accepted membership, but regrettably, Antonio
Lot-Helgueras had to decline further participation owing to pressing profes-
sional obligations in Mexico. The meeting was held on Loloata Island in the
Gulf of Papua, Papua New Guinea, with all current members in attendance.



The progress of each individual member was reviewed and discussed, and
plans were made for completion of the terms of reference. As a replacement
for Antonio Lot-Helgueras, Gilberto Cintron (Puerto Rico) was proposed and
accepted by the working group. During the meeting, it was decided that it
would be preferable to combine both sets of terms within a single published
volume. As a result of that decision, this volume contains a summary of
knowledge in a variety of disciplines, as well as a set of recommended pro-
cedures to be used in the study of mangroves and the mangrove environment.

Following the Papua New Guinea meeting, manuscripts were prepared,
submitted, reviewed and returned to the authors preparatory to completion of
the final manuscript.

Working group members, as well as the scientific community at large,
were shocked to learn of the death of Professor Chapman in late 1980. It was
decided through correspondence that Professor Chapman could not be
replaced and that the working group chairman would undertake to complete
his original manuscript. It was further recommended that this volume be
dedicated to the advances he made in the field of halophytes in general, and
mangroves in particular.

The work that followed suffered from a variety of problems (frequently
involving the international postal system), but in spite of these problems this
volume was completed, and submitted for publication in 1983.

Unesco is highly appreciative of the efforts of the scientists who prepared
the present volume and wishes to express its particular thanks to Professor
Snedaker, the scientific editor, Jane G. Snedaker, general editor, and Catherine
E. Sikkema, illustrator, for their dedication to the project.

The scientific opinions expressed in this work are those of the authors
and are not necessarily those of Unesco. Equipment and materials have been
cited as examples of those most currently used by the authors, and their inclu-
sion does not imply that they should be considered as preferable to others
available at that time or since developed.
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Foreword

Land’s beginning, ocean’s end; oceans begin where the land
doth end; where does it begin and where does it end?

Mangroves and mangrove forests along most tropical shorelines have attracted
man’s curiosity from the earliest times and the literature now exceeds 7,000
titles. In spite of this long history and abundant recorded knowledge, it was
not until the 1970s that man began to understand and appreciate the role of
this unique vegetation. Now in the 1980s we see mangroves being protected or
managed in many areas of the world, for the fisheries they support, the forest
products they yield and the stability they contribute to the coastal zone. Yet,
at the same time, mangroves and mangrove forests are being destroyed for
reasons which are frequently illogical.

Because of the rapidly developing interest in mangroves, scientists
throughout the world in universities, government agencies and philanthropic
institutions are making an increasing commitment to broaden our knowledge
of this biological community. Unesco and the Scientific Committee on Oceanic
Research (SCOR) have made a similar commitment to support the scientific
community by assisting it in the pursuit of this goal. One of the key steps
is the creation of this volume, the eighth in the series of Monographs on
Oceanographic Methodology which has been prepared to provide a general
understanding of the mangrove ecosystem and to review and recommend
basic research procedures in the study of the ecosystem. The volume rep-
resents a current concensus of worldwide scientific opinion on the relevant
directions for new research, and on the methods and techniques which might
be helpful in acquiring new knowledge. Furthermore, it is hoped that the
worldwide availability of this volume will encourage scientific communication
and co-operation.

The identification of profitable areas for mangrove research and the rec-
ommendation of useful methods are the opinions of the contributing authors



of Unesco/SCOR Working Group 60. The omission of pertinent research

topics and methods does not imply a lack of relevancy or value. In fact, diver-

sity is probably no less important in the research directions and methodology

of the scientific community than it is to the maintenance and perpetuation of
nature.

SAMUEL C. SNEDAKER,

Chairman, Unesco/SCOR Working Group 60
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Introduction

Samuel C. Snedaker

Division of Marine Affairs

Rosenstiel School of Marine and Atmospheric Science
University of Miami

4600 Rickenbacker Causeway

Miami, Florida, United States

Over the past decade the number of research studies focusing on mangroves
and the mangrove environment has significantly increased as a result of
public and scientific interest in their role in nature and their value to mankind.
Although the total number of published reports exceeds some 7,000 titles
(cf. Rollet, 1982), many major gaps in our scientific understanding persist.
Confounding the problem are the difficulties of conducting research in the
mangrove environment and the absence of recommended research protocols
which would facilitate comparative evaluations, and general syntheses on
specific topics.

In Part I, ‘Characterization of the mangrove environment’, Bruce Thom
outlines important features of the major coastal landforms that frequently
provide optimum habitats for mangrove forest development. This overview
demonstrates the fact that the spatial patterns of mangrove development are
closely associated with landform types and that local mangrove formations
tend to be controlled by the constantly changing coastal geomorphology. Field
research that does not take these fundamental processes into account can lead
to erroneous conclusions concerning species zonation, successional status and
the causes of differences in regional patterns. Frangois Blasco takes a more
global view in which he characterizes the differences in mangrove species dis-
tribution as a function of broad latitudinal gradients in climate. In addition to
suggesting that the primary reasons why mangroves dominate certain climatic
regimes, as opposed to others, he defines practical techniques for characterizing
regional climatic patterns as they relate to mangrove distribution and develop-
ment. In this context, Frangois Blasco discusses the evolution of mangroves
and the importance of palynology in the study of earlier floras, and the dis-
persal and distribution of the major species. The main emphasis of the chapter
is that mangrove assemblages and their distribution are not fixed features, but,
instead, undergo constant change and evolution in both space and time.

Many research efforts focus on ‘Community structure and description’ for
the purposes of preparing general inventories of ‘what’s there’ and in what
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number (or mass), describing how the components are structured, and making
general assessments of the abiotic conditions. Valentine Chapman outlines the
traditional approach to characterization which might be considered to rep-
resent the minimum requirements of any general survey. Frangois Blasco draws
attention to the fact that the taxonomy of the mangrove species is very poorly
developed; most researchers can identify the genera, but species determinations
in many areas remain questionable. The basic protocol for quantitatively de-
termining the physiognomic structure of mangrove communities is presented
by Gilberto Cintron and Yara Schaeffer Novelli. Their approach places
emphasis on relatively simple techniques that yield much useful data and
information that have significant value in both basic ecological studies and
the management of forested areas. Widespread use of their recommended
techniques and interpretative approaches would solve one of the major prob-
lems in comparing data from different parts of the world. Kevin Boto draws
attention to the fact that mangrove soils, or sediments, are unique to saline
intertidal areas and that an understanding of the biogeochemical processes is a
prerequisite for understanding the structure and function of mangroves which
appear to be so well adapted to these scientific conditions. Federico Pannier
provides a checklist of analytical methods that are commonly employed in the
study of mineral nutrient stocks and cycling processes. Frequently, mangrove
researchers place greater emphasis on the dominant plant form—the man-
groves—than they do on the animal forms that are so dependent upon, and
prevalent within, the mangrove habitat. A. Sasekumar describes the methods
recommended for studies of the mangrove fauna and Iver Brook reviews the
methods and techniques that have been used for determining the nearshore
animal biomass. Both authors emphasize that quantification is essential in
developing a scientific understanding of the faunal associates and their re-
lationship to the mangrove ecosystem. Keith Cooksey draws attention to the
role of diatoms, which among other lower life-forms are frequently ignored in
mangrove ecosystem studies. Many of the smaller plants and animals, including
the microflora and microfauna, have biochemical roles in the ecosystem that
are disproportionate to their size and mass. Studies of the processes that they
control may be one of the more important areas of investigation that remains
to be developed.

Mangrove ecosystems are reputed to be highly productive in spite of the
relatively harsh environment in which they occur, and frequently dominate.
Their productive basis is, of course, a function of their photosynthetic ability.
As one of the main international researchers in this area, Federico Pannier
describes the major parts of the protocol for the study of photosynthesis. He
also outlines an equivalent protocol for the study of water relations in man-
groves. Both areas of investigation are relatively sophisticated and thus are
infrequently attempted. However, research on mangrove photosynthesis and
water relations must be considered a fundamental and basic foundation for
the interpretation of overall ecology and biology of this diverse taxonomic
group. The high productivity of mangroves is also expressed in the production

Xiv
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of leaf litter which, following decomposition and nutrient enrichment, forms a
major food source for most estuarine animals. It is this one aspect of the
functioning of mangroves that has led to the widespread interest of their valu-
able role in the ecosystem. Melvin Brown outlines the basic approach for
determining the rates of production of leaf litter, and Jack Fell et al. review
the protocols for evaluating the processes of decomposition and nutrient en-
richment.

Although a variety of topics and methods are covered in this monograph,
they are, collectively, highly selective and non-exclusive. Active and serious
researchers will identify additional topics worthy of investigation and will have
recommendations for their study. The value of this monograph, therefore,
extends beyond the limitation in topics and treatments to the extent that it sets
a direction for further scientific work on the mangrove ecosystem.

XV
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Characterization of
the mangrove environment
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Coastal landforms and geomorphic
processes

Bruce G. Thom

Department of Geography
University of New South Wales
Duntroon, ACT, Australia

Introduction

A basic task confronting the mangrove ecologist is to explain the development
of mangrove communities through time. This problem has been approached in
several different ways depending on the background of the researcher, the
conceptual mode!s prevailing at a given time, and the existence and quality of
information on environmental conditions in any given area of study. An ecol-
ogist with a background in physiology or taxonomy would be less concerned
with the role of habitat dynamics compared with one having a strong feel for
geology, geomorphology or soils. There is also the likelihood that fashionable
concepts would influence modes of thinking; the dominance of climax theory
in plant ecology during the early part of this century is an example of this
point. Knowledge of habitat change in an area involving changing patterns of
sedimentation would clearly strengthen the hand of an ecologist seeking to
study community dynamics.

In order to explain the evolution of mangrove communities through time,
it is necessary to develop an understanding of past as well as present conditions.
Techniques of the geomorphologist, stratigrapher, pedologist, palaeontologist
and palynologist have been used in this regard. Patterns of species distribution
and variations in physiognomy at the present time have been evaluated in
relation to physical environmental conditions. Functioning aspects of com-
munities, including studies of reproductive strategies and mechanisms to
combat physiological stress, further provide a basis for research into problems
of mangrove persistence and change. Therefore, any attempt to com-
prehensively ‘model’ a mangrove ecosystem to explain community change,
involving prediction of what may happen in the future, is fraught with com-
plexities and uncertainties. The problem is multi-dimensional in space as well
as time, besides being multi-disciplinary in scope (Lugo and Snedaker, 1974).
Yet this has not prevented ecologists from undertaking field studies of
mangroves with the objective of explaining apparent ‘zonation’, ‘stepped
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sequences’, ‘mosaic patterns’ or discontinuities. Conclusions developed in
such studies are often severely limited by an inadequate understanding or the
dynamics of environmental conditions and the relation of those conditions to
vegetation dynamics. Snedaker (1982) has recently published an extensive
review of the literature on mangrove species zonation. His paper should be
read in conjunction with this chapter in order to provide a broader biological
perspective.

In this chapter an attempt is made to outline various approaches used to
explain mangrove distribution. This will include a discussion of the succes-
sional approach and the application of gradient analysis. The writer’s own
interest in ‘physiographic ecology’ (Zimmermann and Thom, 1982) will then
be used to provide the basis for an evaluation of the role of habitat change in
producing community patterns in different environmental settings. These set-
tings will be first discussed broadly. It will be argued that a ‘global’ perspective
only is necessary to determine general patterns and trends in mangrove eco-
system behaviour. In order to have a better explanation, it is necessary to
examine specific patterns of mangrove species distribution and structural
types in relation to dominating geomorphic processes and products, that is to
determine just how mangrove communities are patterned in response to varying
substrate and energy conditions (Stoddard, 1980).

Historical perspective

SUCCESSIONAL MODEL

For many years the conceptual basis of mangrove ecology was derived from
the work of Clements. Many mangrove ecologists have been content to utilize
climax theory by relating observed zonation patterns to successional processes.
This approach can be termed the ‘classical successional view of mangrove
dynamics’. As Snedaker (1982, p. 112) has recently pointed out:

The interpretation of mangrove species zonation as being a spatial expression of plant
succession seems to have its origin in the Western Hemisphere where much of the early
work focused on the land-building role of mangroves.

The successional model emphasizes the role of the biotic rather than the
geomorphic processes. Habitats change because plants induce sediment
accumulation, both organic (autochthonous) and inorganic (allochthonous or
terrigenous). Plant communities develop from one stage to another as a
particular type ‘prepares the ground’ for another type. Finally, a ‘climax’
community is attained. Many authors see this final stage as being a non-
mangrove, often tropical rain forest (Watson, 1928, p. 134; Davis, 1940). Where
the model is applied it is usually assumed that the shoreline is migrating
scaward (prograding) forming what sedimentologists term a regressive
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stratigraphic sequence. Progradation is encouraged by deposition around
mangrove roots. This is an old concept succinctly expressed in a well-quoted
book by Warming (1909, p. 236): ‘In as much as Rhizophoraceae form the
outposts of the mangrove they entangle mud between their roots and thus add
to the land.’

More recently Davis, working in Florida, and Chapman who has studied
mangroves in many parts of the world, have made extensive use of the succes-
sional concept. Davis (1940) argued that complex succession develops between
various mangrove communities leading to a tropical-forest climax. However,
this interpretation was reduced to being relevant to only local areas by the
work of Scholl (1964), who showed the effect on the mangroves of southern
Florida of a transgressing sea inducing extensive shoreline erosion (see also
Spackman et al., 1966).

Chapman (1970, 1976) has been responsible for generalizing many ecolo-
gical analyses of mangrove zonation into successional models. Although he
has stressed the role of particular environmental factors which influence the
establishment and growth of particular species, he tried to simplify patterns
into successional sequences. This has even been done where classical succession
has been suggested as an inappropriate model (Egler, 1950; Thom, 1967). In
recognizing that difficulties may arise with the classical model, Chapman (1976,
pp. 39-40) in reviewing the work of Egler admitted:

In making these suggestions one is aware that zonation pattern is not the sole criterion
in determining any plant succession. Much information can be obtained by excavation,
pollen analysis and study of old maps.

It appears that mangrove succession may occur where a steady input of mud
facilitates shoreline progradation. A number of cases exist where sequences
have been studied historically, geologically and ecologically and there is evi-
dence for successional change. The west coast of Malaysia is a good example.
Near the mouths of rivers, extensive mud-flats are accreting seawards upon
which a succession of different mangrove types colonize, regenerate, become
replaced and finally develop into tropical rainforest (Watson, 1928; Carter,
1959; Coleman et al., 1970; Diemont and van Wijngaarden, 1975). In Borneo,
the ecological and palynological work of Anderson and Muller (1973) clearly
demonstrates succession. Thom (1967) demonstrated that at particular sites
around lagoon shores in Tabasco, Mexico, an abundance of mud creates habi-
tats for saltmarsh and mangrove succession. In general, such studies highlight
the active role of mud accumulation. The classical model involving a land-
building role for mangroves is given secondary consideration.

From a geomorphic point of view, succession is potentially demonstrable
where sedimentary regression has occurred. In terms of the array of habitats
colonized by mangroves it represents one type of habitat change where either
continuous or episodic mud deposition is the dominant process. Ecologists
must be very cautious in applying the succession model to a broad spectrum

5
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of environments where mangroves exist. The accreting mud-flat is only one of
many. As noted by Sauer (1961, p. 222), ‘without independent evidence of
shoreline change, it is gratuitous to infer forward motion of the shore or vege-
tation merely from banded vegetation structure’. Snedaker (1982, p. 113) takes
an even stronger stance in concluding ‘that insufficient data and information
are available for mangroves which would allow for a sound appraisal of their
successional status’.

GRADIENT ANALYSIS

An alternative, albeit sometimes complementary approach to explaining man-
grove patterns involves the study of environmental factors. The basis for this
approach lies in the analysis of species change along environmental gradients;
in the words of Whittaker (1953), there is no absolute climax for any area, and
climax composition has meaning only relative to position along environmental
gradients and to other factors.

In mangrove research it has been shown by several authors that environ-
mental factors influencing pattern in mangrove vegetation act in a complex
fashion (Clarke and Hannon, 1967, 1969, 1970, 1971); Buckley (1982, p. 105)
states:

The distributions of individual mangrove species may be controlled by the precise pat-
terns of variation of factors such as water level, salinity, pH, sediment flux, oxygen
potential, form and abundance of a range of anions and cations, hydrodynamic stress
and crown exposure, together with interspecific competition and successional factors.

Watson (1928) made one of the first attempts to utilize the gradient concept in
mangrove research. He divided the western Malayan mangrove forest into five
types which he correlated with tidal inundation classes. ‘It should be noted
that the guiding principle in the allotment of a species to any particular in-
undation class is its ability to regenerate itself, and not merely to exist, under
the conditions obtaining within that class.” (Watson, 1928, p. 130) This type
of work has been extended to include an appreciation of functional properties
of different species and assemblages of species along environmental gradients
(Lugo and Snedaker, 1974). More recently, Bunt and Williams (1980) have
applied quantitative methods in a phytosociological study of tidal forests in
north Queensland (cf. also Buckley, 1982). They show that mangroves do not
contain consistent non-overlapping species groups occupying separate topo-
graphic sections of the tidal range. However, individual species are associated
with particular sections of the tidal range (cf. also Bunt and Williams, 1981).

In general, the gradient concept is conventionally used in mangrove ecol-
ogy to relate degrees of surface inundation to gradients in environmental
factors which influence plant physiology. An association is sought between
certain factors and the spatial limits or boundaries of particular species or
species groups. Authors such as Rabinowitz (1978) seek a physiological ex-

6
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planation which involves a ‘mode of action’ of physical factors. Salinity is
often used as a key factor which links the physical environment through the
physiology of the mangroves to patterns of spatial organization. According to
Snedaker (1982, p. 119):

It can be stated that each mangrove species probably has an optimum salinity, which at
higher concentrations induces a proportionately higher respiration making it relatively
less competitive, and a lower concentration is forced to compete with species better
adapted to maximize photosynthesis.

The gradient is undoubtedly of great value in the study of the ecophysiology
of species. However, it does not reveal how the community evolved to its
present state, nor does it provide much information on future directions of
change.

Physiographic ecology

DEFINITION

The prime purpose of this chapter is to highlight an approach to mangrove
ecology which focuses on changes in habitats and plants occupying those
habitats. It is similar in content and scope to ‘geomorphic botany’ (Goodlett,
1969), or ‘physiographic plant geography’ (Zimmermann and Thom, 1982,
p. 47):

Physiographic plant geography regards physical and botanical landscapes as mosaics
of landforms, and result of processes acting on materials with different properties and
of assemblages of species (plant communities) which segregate on the various landforms
with their different growth conditions.

As pointed out by these authors, the physiographic approach takes for granted
that plant establishment and growth is an exceedingly complex phenomenon
(Grubb, 1977). However, this complexity is not seen as being particularly rele-
vant to explanations of distributions on landform (physiographic) scales.
According to Zimmerman and Thom (1982, p. 48):

Distribution on these scales is often the result of narrower sets of relationships largely
the coincidence of phenological events with specific physiographic processes. . . . The
physiographic approach rests on the assumption that clues to distributional controls
are obtained from the study of presence/absence of species within a particular climate,
and from the identification of specific environmental factors common to all those
habitats. These factors relate primarily to the phenology of reproduction.

In the study of plants distributed at the scale of slopes, flood plains, terraces,
river embankments, swales of beach-ridge plains, etc., the ecologist is con-

7
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cerned with two basic problems. The first is identifying the presence/absence
of species at particular stages of growth as determined primarily by geomorphic
processes and conditions. This involves mapping for the definition and analysis
of plant-habitat relationships. The second problem concerns identification of
direction of change. Essentially this assumes that landforms are subject to
continuous change over time. Past, present and future trends must be evaluated
in order to explain courses of change in plant distribution.

Three physiographic ‘states’ constitute the framework in which directional
change can be discerned. Dominance of a sediment influx or accretion, leading
to lateral and/or vertical accumulation of a landform, forms one state. At the
other extreme, erosional conditions may lead to habitat destruction by remov-
ing land surfaces or lowering their elevation. The third state represents a quasi-
equilibrium or steady-state condition in which there is a balance of erosion
and deposition within any given area. In the discussion which follows, it will
be pointed out that any one of the three states can characterize a region as a
whole, for instance, a river delta or barrier-lagoon complex. Alternatively,
individual landforms can be considered at a more local scale in these dynamic
terms. For example, a tidal flat can be undergoing erosion by wave processes.
Using both local and regional scales, it is possible to utilize the physiographic
approach in a flexible way to interpret habitat dynamics and to explain
changing mangrove distributions.

APPLICATIONS

In plant ecology there have been a number of studies which have utilized the
physiographic approach. Uncertainty with the use of successional theory led
Whittaker (1953) to comment that community fluctuations must be seen in the
context of ‘long-range, directional trends’ imposed by physiographic and cli-
matic changes. Hack and Goodlett (1960) provide an excellent case study of
spatial and functional relationships between physiographic factors and forest
vegetation in the central Appalachians. Specific relationships between geomor-
phic processes and the distribution of valley-floor species have been examined
in a semi-arid basin in Arizona (Zimmermann, 1969). Examples of the phy-
siographic approach in colder climates include the evolution of muskeg in
northern Minnesota (Heinselman, 1963, 1970). These studies cast doubt on the
validity of conventional views on succession in waterlogged areas.

In mangrove research, a number of studies have demonstrated that the
evolution of vegetation patterns is closely related to the dynamics of shoreline
development and sedimentation. A recent example is the development of an
hypothesis to explain the periodic stabilization of shifting mud-flats on the
Guyanan coast of South America (Wells and Coleman, 1981). The present
author’s own work in Mexico, north-west Australia, Gulf of Papua, the Great
Barrier Reef and southern New South Wales is based on the interpretation of
the ecology of mangroves as the response of the plants to habitat change
induced primarily by geomorphic processes (Thom, 1967, 1975, 1982; Thom et
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al., 1975; Thom and Wright, 1982). Stoddard (1980), Woodroffe et al. (1980)
and Woodroffe (1982) have shown that in reefal areas mangrove communities
are ‘opportunistically patterned in response to varying substrata and energy
conditions’ (Stoddart, 1980, p. 269). In these studies, it is possible to see why
the generalized zonal succession schemes of Chapman (1976) can be replaced
by models dependent on type and degree of geomorphic activity influencing
plant distribution and physiognomy (Thom, 1982).

Environmental settings for mangroves

On a global scale, mangrove ecology studies may appear to be a chaotic
mess of special cases. However, an attempt has been made to classify regional
settings on the basis of dominant geomorphic processes and landform as-
semblages (Thom, 1982). Repetition of processes and landforms in different
regions where mangroves occur provides a conceptual basis for the analysis
of mangrove species and community patterns.

The three essential components of an environmental setting are defined
as: (a) ‘background’ geophysical; (b} geomorphic; and (c) biologic (Thom,
1982). The first component includes various factors such as relative sea-level
history, climatic conditions and tidal properties of a region. The geomorphic
component is subdivided into three spatial scales, the broadest reflecting the
general character of sedimentation (i.e. carbonate, terrigenous, etc.), the second
reflecting dominance of particular processes (e.g. wave or river, tidal or river,
etc.) at the regional level, and the third level relates to ‘microtopography’ or
the topographic expression and composition of particular landforms. It is this
last level which provides the mappable unit responded to by plants at various
stages of growth. The final component of an environmental setting is biologic,
which expresses ecologic factors arising from the ‘pool’ of species occurring in
a particular region. As Thom (1982, p. 7) points out:

Interspecific competition plays an important role in determining the species diversity
and distribution patterns in a given area. The influence of physical factors of the en-
vironment, especially those controlling landform conditions, on the relative competitive
abilities of mangrove species probably accounts for the distribution of mangroves in
typical zoned patterns.

The first two components of an environmental setting, geophysical and geo-
morphic, can be combined to produce an array of physical settings in which
mangroves grow. Five settings repeated in nearby localities throughout the
world are recognized on shorelines where terrigenous sediment inputs are
dominant. On a global scale carbonate sediments do not represent large areas
of mangrove growth; nevertheless several settings are identified. There are
many variations of each setting depending on the relative importance of de-
position and erosional processes.
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TERRIGENOUS SETTINGS

Thom (1982) depicted five terrigenous settings and possible habitats of man-
grove growth (Fig. 1.1). These types are a modification of the delta
classification of Wright et al. (1974) (cf. also Coleman and Wright, 1975), and
the bedrock-embayment classification of Roy et al. (1980).

Setting 1 is characteristic of allochthonous coasts of low tidal range. In such
cases river discharge of freshwater and sediment leads to the rapid deposition
of terrigenous sands, silts and clays to form deltas. These deltas are building
seawards over flat offshore slopes composed of fine grained ‘pro-delta’ sedi-
ments. Such slopes help dampen wave energy and any tendency for longshore
drift. The delta geometry consists of multiple branching distributaries forming
elongate, finger-like protrusions. The result is a highly crenulate coastline with
shallow bays and lagoons between and adjacent to distributaries. The active
distributary region is predominantly an area of high freshwater discharge so
that salt-tolerant plants are not common. However, there may be abandoned
distributary regions within the deltaic plain into which penetrate saline waters
either seasonally or more frequently. The area marginal to these distributaries
is also relevant to this setting as longshore drift of muds and wave reworking
of sands and shells will influence plant establishment and generation (e.g. on
chenier plains). Thus parts of the deltaic plain may contain an array of habitats
which mangroves colonize or are maintained. Such deltaic plains are often
subject to rapid rates of subsidence and switches in centres of freshwater dis-
charge and deposition, so that this environmental setting is characterized by a
high degree of morphologic diversity and rapid habitat change. One example
is the Mississippi delta and the adjacent chenier plain (Fisk, 1960). The Atrato
delta in Colombia is another example (Vann, 1959).

Setting 2 is also associated with allochthonous coasts, only here the dominant
physical process is the high tidal range with strong bidirectional tidal currents.
These currents are responsible for the dispersion of sediments brought to the
coast by rivers, and in the offshore zone they form elongate sand bodies
(Wright et al., 1973). Wave power is often quite low because of frictional
attenuation over broad intertidal shoals. Typically, the main river channels are
funnel-shaped and are fed by numerous tidal creeks. These creeks are separated
by extensive tidal-flat surfaces. Where relative sea-level has been stable for
5,000 years or more, these channels appear to be fixed in position and the
surfaces of the tidal flat accrete vertically to the high-water spring-tide level
{(Thom et al., 1975). These surfaces may be subjected to sheet and lateral
erosion (Semeniuk, 1980, 1981). They also prograde seawards along the pro-
montories which separate the tidal channels. An example in a dry climate is
the Ord River delta in north-western Australia (Thom et al., 1975); a wet
climate example is the Klang delta of western Malaysia (Coleman et al., 1970),
another is the Kikori deltaic complex in the Gulf of Papua (Floyd, 1977).

10



I1

IS

\Alluvnal plain *.

~

™~
1
[}

Tidal inlet
Sand barrier 1dat inle

with beach ridges

€ Abandoned plain
~ N A .
[ AVEN delta ()} ) \ ‘, Sub-tidal shoals
4\ Active delta oV

3. Wave-dominated barrier lagoon
1. River-dominated allochthonous 2. Tide-dominated allochthonous (autochthonous)

s

Alluvial plain

Tidal inlet

(] Beach ridges
Active
channel
4. Composite—river and wave dominated 5. Drowned bedrock valley

Figure 1.1

Generalized environmental settings for mangrove colonization and development (shaded). The five settings occur on coasts dominated by terrigenous
deposition and reworking of sand, silt and clay sediments. After Thom (1982)

sassa001d omydiowoad pue suojpue| [BISBOD)



The mangrove ecosystem: research methods

Serting 3 is characterized by a higher wave energy at the shoreline and relatively
low amounts of river discharge. The slope of the inner continental shelf in
such a case would be steeper due to operation at different sea-levels of the
high wave energy which reworks sediments delivered to the coast by rivers.
This type of coast is referred to as autochthonous (Swift, 1976). Offshore
barrier islands, barrier spits or bay barriers are typical of this setting. Barrier
islands enclose broad elongate lagoons, whereas bay barriers enclose drowned
river valleys. Small digitate deltas prograde into these water bodies without
significant opposition from marine forces. The degree of tidal modification of
landforms of this setting can be quite variable. Salt-tolerant plants occur
around the margins of the lagoon in a variety of habitats. An example of this
setting is the linear barrier coastline of El Salvador or the bay barrier coastline
of New South Wales. Mangrove distribution in the latter case is dependent in
part on the efficiency of tidal inlets (Roy et al., 1980).

Setting 4 represents a combination of high wave energy and high river dis-
charge. Sand debouched by the river is rapidly redistributed by waves along-
shore to form extensive sand sheets. Much of the sand deposited on the inner
continental shelf during lower sea-levels is reworked landward during marine
transgressions and subsequent sea-level ‘stillstands’. The result is a coastal
plain dominated by sand beach ridges, narrow discontinuous lagoons with an
alluvial plain to landwards. Salt-tolerant' plants such as mangroves are con-
centrated in distribution along abandoned distributaries, and in areas near
river mouths and adjacent lagoons. The Grijalva delta in Mexico is an excellent
example of this type. Here regional subsidence accentuates the development of
environmental gradients, distributary diversion and lagoon expansion (Thom,
1967). The Purari delta of Papua New Guinea is a similar setting, but appears
to lack the geomorphic (and habitat) diversity involving lagoon development
(Thom and Wright, 1982). Where the tidal range is greater and the climate
drier, as in the case of the Burdekin delta of Queensland, there is a spread of
saline habitats to interdistributary areas which are periodically inundated by
high spring tides.

Setting 5 can be described as a drowned river-valley complex. The depositional
setting is defined by a bedrock valley system which has been drowned (trans-
gressed) by a rising sea-level. Neither marine nor river deposition has been
sufficient to infill what is an open estuarine system. However, the heads of
valleys may contain relatively small river deltas which are little modified by
waves. At the mouth of the drowned valley bordering the open sea, a tidal
delta may occur composed of ‘marine’ sand reworked landward during a
marine transgression (Roy et al., 1980). Broken Bay in New South Wales is a
good example; mangroves flourish in fine sediments at the heads of drowned
tributary valleys, and in lagoons behind bay barriers near the mouth of the
estuary.

12
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CARBONATE SETTINGS

Environments of deposition dominated by the accumulation of carbonate, due
to either wave/tide reworking or growth of a skeletal framework, constitutes
another group of settings for mangrove growth. Several studies have been
undertaken of such environments where they form mangrove habitats. These
include work in Florida (e.g. Vaughan 1909; Davis, 1940; Scholl, 1964; Smith,
1968; Spackman et al., 1966, and Wanless and Meeder, in press), in the Car-
ibbean (Chapman, 1944; Woodroffe, 1980, 1982; Woodroffe et al., 1980), and
on the Great Barrier Reef (Spender, 1930; Steers, 1937; Macnae, 1966; Thom,
1975; Stoddart, 1980). Three distinct settings are distinguished in this chapter
(to be added to those listed above).

Setting 6. On low-energy coasts in the tropics, carbonate platforms may be
slowly accreting due to the accumulation of lime muds (marl) and peat. The
shoreline may be quite indented with ‘promontories’ of mangroves protruding
into shallow water. Coral-reef or sand barriers to seaward may serve to dampen
wave energy, but in this setting the mangrove fringe directly abuts an extensive
shallow water area (e.g. Florida Bay, or Laguna dos Terminos in Mexico).
Direction of shoreline change in such a setting can be quite variable, in places
exhibiting a mangrove ‘cliff” (Egler, 1950), or elsewhere a stepped age sequence
of plants representing colonization of the mud-flats. Long-term subsidence of
the platform may help promote mangrove peat accumulation in this setting
(Wanless and Meeder, in press). However, there have been problems in the
interpretation of mangrove zonation in this setting.

Setting 7. Mangroves commonly occur in carbonate environments behind a
mobile but protective sand or shingle barrier. The barrier can be of various
types. On the Great Barrier Reef it may consist of cemented or non-cemented
coral detritus (‘ramparts’) which may contain a patchy cover of mangroves
(Thom, 1975; Stoddart, 1980). Shallow peats develop in the lee of these ‘ram-
parts’ beneath a dense mangrove cover dominated by Rhizophora. Wanless
and Meeder (in press) demonstrate how mangrove peats in south Florida
have accumulated during a sea-level rise behind regressive, transgressive or
oscillating sand barriers (e.g. Cape Sable). In such cases, the sand mainly
consists of carbonate particles. Peat development is quite meagre where the
platform surface is at present sea-level and is not subsiding, or sea-level is not
rising (e.g. northern Great Barrier Reef).

Setting 8. In low-energy embayments that sometimes lacks protective barriers,
Pleistocene carbonate surfaces have been transgressed by rising Holocene sea-
level. Mangroves may develop on such surfaces leading to the burial of a
Pleistocene subaerial ‘soil’ crust. A cover of mangrove peat may result as
documented on Grand Cayman Island (Woodroffe, 1981, 1982). The ‘drown-
ing’ of an old reef complex can lead to an irregular patchwork of mangroves
often reflecting topographic irregularities in the underlying substrate.

13
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Conclusion

Any attempt to explain the development of mangrove communities through
time requires an evaluation of changes in magnitude and frequency of coastal
geomorphic processes. These processes create variable environmental condi-
tions on which mangroves colonize, reproduce and grow. The geomorphologist
views the habitat of plants in coastal regions as that which represents a set of
depositional environments subject to constant change. These changes involve
directional movement of vegetated surfaces depending on the net balance of
erosional and depositional forces.

Three basic approaches are recognized to the problem of persistence and
change in mangrove ecosystems: classical succession theory, the gradient con-
cept and that which may be called physiographic ecology. The last-mentioned
focuses on change in habitats and community properties through time by
seeking to understand the development of landforms or physiography. Species
distribution and physiognomy are explained by associating plants directly with
diverse and dynamic landform and substrate conditions.

Changes in mangrove communities can be measured by documenting the
geomorphic or physiographic history of depositional regions. Within specific
physiographic settings the changes are dictated by the relative dominance of
specific geomorphic processes, such as wave erosion, river-channel switching,
mud-flat accumulation, etc. It is possible to determine how changes in land-
forms at various spatial scales will induce varying physiological responses in
different species of mangrove, which in turn leads to change in community
structure. Stresses on plants created by these changing conditions lead to
changes in the competitive abilities of different species to survive in phy-
siographically defined habitats. Three basic directions of change can occur
within any region, the dominance of any particular direction determining the
dynamics of the mangrove community structure in that region. Under condi-
tions of high sediment influx accretion will occur and habitat change is induced
by shoreline progradation and vertical accumulation. Stepped plant sequences
are the result. Erosion by waves, tidal currents or river channels leads to de-
struction of communities and local deposition and regrowth. Thirdly, steady-
state conditions may prevail perhaps involving cyclic short-term instability, or
long-term self-maintenance and persistence of a specific community. There
now exists a number of case-studies which highlight the importance of under-
standing geomorphic processes and products in the interpretation of temporal
variation in mangrove communities (Thom, 1967; Thom et al., 1975; Semeniuk,
1980, 1981; Augustinus, 1980).

The physiographic (or geomorphic) approach highlights the multidimen-
sional character of mangrove ecosystems. Given sufficient field data, it is pos-
sible to predict direction and magnitude of changes in communities through
time. This requires that adequate geomorphological research be undertaken as
part of any effort to unravel the dynamics of vegetation in mangrove areas.
Ecologists working in such environments, in this writer’s view, cannot afford
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to overlook the ever-changing character of landforms upon which grow the
mangroves they are studying. These landforms, either directly or indirectly,
influence so many of the other environmental factors which are discussed in
this monograph.

References

ANDERSON, J. A. R.; MULLER, J. 1973. Palynological Study of a Holocene peat and a Miocene
Coal Deposit from NW Borneo. Pollen et Spores, Vol. 15, pp. 291-351.

Augustinus, P. G. F. 1980. Actual Development of the Chenier Coast of Surinam (South
America). Sedimentary Geology, Vol. 26, pp. 91-113.

BuckLEy, R. C. 1982. Patterns in North Queensland Mangrove Vegetation. Australian J. of Ecol-
ogy, Vol. 7, pp. 103-106.

BunT, J. S.; WiLLIaMS, W. T. 1980. Studies in the Analysis of Data from Australian Tidal Forests
(‘Mangroves’). I: Vegetational Sequences and their Graphic Representation. Australian J. of
Botany, Vol. 5, pp. 385-90.

——. 1981. Vegetational Relationships in the Mangroves of Tropical Australia. Marine Ecol.
(Progress Series), Vol. 4, pp. 349-59.

CARTER, J. 1959. Mangrove Succession and Coastal Change in Southwest Malaya. Transactions
of the Institute of British Geographers, Vol. 26, pp. 79-88.

CHAPMAN, V. J. 1944, 1939 Cambridge University Expedition to Jamaica. J. Linnean Soc. (Botany),
Vol. 52, pp. 407-534.

——. 1970. Mangrove Phytosociology. Tropical Ecology, Vol. 11, pp. 1-10.

——. 1976. Mangrove Vegetation. Vaduz. J. Cramer. 447 pp.

CLARKE, L. D.; Hannon, N. J. 1967. The Mangrove Swamp and Salt Marsh Communities of the
Sydney District. I: Vegetation, Soils and Climate. J. of Ecology, Vol. 55, pp. 753-71.

——. 1969. The Mangrove Swamp and Salt Marsh Communities of the Sydney District. II: The
Holocoenotic Complex with Particular Reference to Physiography. J. of Ecology, Vol. 57, pp.
213-34.

——. 1970. The Mangrove Swamp and Salt Marsh Communities of the Sydney District. I1I: Plant
Growth in Relation to Salinity and Waterlogging. J. of Ecology, Vol. 58, pp. 351-69.

——. 1971. The Mangrove Swamp and Salt Marsh Communities of the Sydney District. IV: The
Significance of Species Interaction. J. of Ecology, Vol. 59, No. 535-53.

CoLEMAN, J. M.; GAGLIANO, S. M.; SMITH, W. G. 1970. Sedimentation in a Malaysian High Tide
Tropical Delta. In J. P. Morgan (ed.), Deltaic Sedimentation Modern and Ancient, Vol. 15, pp.
18597 (Special publication), Society of Economic Paleontologists and Mineralogists.

CoLEMAN, J. M.; WRIGHT, L. D. 1975. Modern River Deltas: Variability of Processes and Sand
Bodies. In M. L. Broussard (ed.), Delta Models for Exploration, pp. 99-149. Houston, Tex.,
Houston Geological Society.

Davis, J. H. 1940. The Ecology and Geologic Role of Mangroves in Florida. Papers of the Tortugas
Laboratory, No. 32, pp. 303-412. (Carnegie Institute Publication, 517.)

DieMonT, W. H.; vAN WIINGAARDEN, W. 1975. Sedimentation Patterns, Soils, Mangrove Vegeta-
tion and Land Use in the Tidal Areas of West Malaysia. In: G. Walsh, S. Snedaker and H.
Teas (eds.), Proceedings of the International Symposium on Biology and Management of Man-
groves, Vol. II, pp. 513-28.

EGLER, F. 1950. Southeast Saline Everglades Vegetation, Florida and its Management. Vegetatio,
Vol. 3, pp. 213-65.

Fisk, H. N. 1960. Recent Mississippi River Sedimentation and Peat Accumulation. Compte Rendu,
4th International Congress on Carboniferous Stratigraphy and Geology, Heerlen, Netherlands,
1958, pp. 187-99.

FLoYp, A. G. 1977. Ecology of the Tidal Forests in the Kikori-Romilly Sound Area, Gulf of Papua.
Lae (Papua New Guinea), Division of Botany, Office of the Forests, Department of Primary
Industry. 59 pp. (Biology Report, 4.)

GOODLETT, J. C. 1969. Vegetation and the Equilibrium Concept of the Landscape. In K. N. H.
Greenidge (ed.), Essays in Plant Geography and Ecology, pp. 33—44. Halifax, N.S., Nova
Scotia Museum.

15



The mangrove ecosystem: resecarch methods

GRuBs, P. J. 1977. The Maintenance of Species-richness in Plant Communities: The Importance of
the Regeneration Niche. Biological Review, Vol. 52, pp. 107-45.

Hack, J. T.; GoobLerT, J. C. 1960. Geomorphology and Forest Ecology of a Mountain Region in
the Central Appalachians, pp. 1-66. U.S. Geological Survey. (Professional Paper, 347.)

HEINSELMAN, M. L. 1963. Forest Sites, Bog processes and Peatland Types in the Glacial Lake
Agassiz Region, Minnesota. Ecological Monographs, Vol. 33, pp. 327-73.

——. 1970. Landscape Evolution, Peatland Types, and the Environment in the Lake Agassiz
Region, Minnesota. Ecological Monographs, Vol. 40, pp. 235-61.

Luco, A. E.; SNEDAKER, S. 1974. The Ecology of Mangroves. Annual Review of Ecological Systems,
Vol. 5, pp. 39-64.

MACNAE, W. 1966. Mangroves in Eastern and Southern Australia. Australian J. of Botany, Vol. 14,
pp. 67-104.

RaBiNowiTz, D. 1978. Early Growth of Mangrove Seedlings in Panama, and an Hypothesis
Concerning the Relation of Dispersal and Zonation. J. of Biogeography, Vol. S, pp. 113-33.

Roy, P. S.; THOM, B. G.; WRIGHT, L. D. 1980. Holocene Sequences on an Embayed High-energy
Coast: An Evolutionary Model. Sedimentary Geology, Vol. 26, pp. 1-19.

SAUER, J. 1961. Coastal Plain Geography of Mauritius. Baton Rouge, Louisiana State University
Press. {Coastal Studies series, 5.)

ScHoLL, D. W. 1964. Recent Sedimentary Record in Mangrove Swamps and Rise in Sea-Level
over the Southwest Coast of Florida, Part 1. Marine Geology, Vol. 1, pp. 344-66.

SEMENIUK, V. 1980. Mangrove Zonation along an Eroding Coastline in King Sound, Northwestern
Australia. J. of Ecology, Vol. 68, pp. 789-812.

——. 1981. Long-term Erosion of the Tidal Flats, King Sound, Northwestern Australia. Marine
Geology, Vol. 43, pp. 21-48.

SMiTH, W. G. 1968. Sedimentary Environments and Environmental Change in the Peat-
forming Area of South Florida. Pennsylvania State University, 254 pp. (Ph.D.
thesis.)

SNEDAKER, S. C. 1982. Mangrove Species Zonation: Why? In: D. N. Sen and K. S. Rajpurohit
(eds.), Tasks for Vegetation Science, pp. 111-25. The Hague, W. Junk.

SPACKMAN, W.; DoLseN, C. P.; RIEGEL, W. 1966. Phytogenic Organic Sediments and Sedimentary
Environments in the Everglades Mangrove Complex. Part I. Evidence of a Transgressing
Sea and its Effects on Environments of the Shark River Area of Southwestern Florida.
Palaeontographica, Vol. 117, pp. 118-52.

SPENDER, M. A. 1930. Island Reefs of the Queensland Coast. Geographical J., Vol. 76, pp.
194-214, 273-97.

STEERS, J. A. 1937. The Coral Islands and Associated Features of the Great Barrier Reef. Geo-
graphical J., Vol. 89, pp. 1-28, 119-39.

StopDART, D. R. 1980. Mangroves as Successional Stages, Inner Reefs of the Northern Great
Barrier Reef. J. of Biogeography, Vol. 7, pp. 269-84.

Swirt, D. J. P. 1976. Continental Shelf Sedimentation. In: D. J. Stanley and D. J. P. Swift (eds.),
Marine Sediment Transport and Environmental Management, pp. 311-50. New York, John
Wiley.

THoM, B. G. 1967. Mangrove Ecology and Deltaic Geomorphology: Tabasco, Mexico. J. of Ecol-
ogy, Vol. 55, pp. 301-43.

——. 1975. Mangrove Ecology from a Geomorphic Viewpoint. In G. Walsh, S. Snedaker and H.
Teas (eds.), Proc. International Symposium on Biology and Management of Mangroves, Hono-
lulu, Hawaii, 1974. Vol. 2, pp. 469-81. Gainesville, Fla., University of Florida.

——. 1982. Mangrove Ecology: A Geomorphological Perspective. In B. Clough (ed.), Mangrove
Ecosystems in Australia, Structure, Function and Management, pp. 3-17. Canberra, A.N.U.
Press.

THowm, B. G.; WrIGHT, L. D. 1982. Geomorphology of the Purari Delta. Purari River (Wabo)
Hydroelectric Scheme. Environmental Studies, Vol. 17, pp. 1-24.

THoM, B. G.; WRIGHT, L. D.; CoLEMAN, J. M. 1975. Mangrove Ecology and Deltaic Estuarine
Geomorphology: Cambridge Gulf-Ord River, Western Australia. J. of Ecology, Vol. 63, pp.
203-32.

VanN, J. 1959. Landform-Vegetation Relationships in the Atrato Delta. Annals Assoc. Am. Geo-
graphers, Vol. 49, pp. 345-60.

VAUGHAN, T. W. 1909. The Geologic Work of Mangroves in Southern Florida, Smithsonian Misc.
Collection, Vol. 52, pp. 461-64.

WaNLESS, H. R.; MEEDER, J. F. Mangrove Sedimentation in Geologic Perspective. (In press.)

16



Coastal landforms and geomorphic processes

WARMING, E. 1909. Oecology of Plants. Oxford, Oxford University Press. 422 pp.

WaTsoN, J. D. 1928. Mangrove Forests of the Nalay Peninsula. Malaya Forest Records, Vol. 6,
pp. 1-275.

WELLSs, J. T.; CoLEMAN, J. M. 1981. Periodic Mudflat Progradation, Northeastern Coast of South
America; A Hypothesis. J. of Sedimentary Petrology, Vol. 51, pp. 1069-75.

WHITTAKER, R. H. 1953. A Consideration of Climax Theory: The Climax as a Population and
Pattern. Ecological Monographs, Vol. 23, pp. 41-78.

WooDROFFE, C. D. 1982. Geomorphology and Development of Mangrove Swamps, Grand
Cayman Island, West Indies. Bull. of Marine Science (University of Miami), Vol. 32 pp.
381-98.

WooDROFFE, C. D.; SToDDART, D. R.; GigLioLl, M. E. C. 1980. Pleistocene Patch Reefs and
Holocene Swamp Morphology, Grand Cayman Island, West Indies. J. of Biogeography, Vol.
7, pp. 103-13.

WRIGHT, L. D.; CoLEMAN, J. M.; THoM, B. G. 1973. Processes of Channel Development in a
High-Tide-Range Environment: Cambridge Gulf-Ord River Delta. J. of Geology, Vol. 81,
pp. 1541.

WRIGHT, L. D.; CoLEMAN, J. M_; ERICKSON, M. W. 1974, Analysis of Major River Systems and
Their Deltas: Morphologic and Process Comparisons. Baton Rouge, Coastal Studies Institute
Louisiana State University Press. 114 pp. (Tech. Report No. 156.)

ZIMMERMANN, R. C. 1969. Plant Ecology of an Arid Basin. the Tres Alamo—Redington Area South-
eastern Arizona, U.S. Geological Survey. 51 pp. (Professional Paper, 485-D.)

ZMMERMANN, R. C.; THoM, B. G. 1982. Physiographic Plant Geography. Progress in Physical
Geography, Vol. 6, pp. 45-59.

17



2

Climatic factors and the biology of
mangrove plants

Frangois Blasco

Institut de la Carte Internationale du Tapis Végeétal
39 allée Jules-Guesde

31400 Toulouse, France

Introduction

The ecological amplitude of mangrove species is fascinating and often discon-
certing. Until recently, it has been difficult or impossible to determine with
certainty the controlling climatic, edaphic and hydric factors, primarily because
these factors are usually interdependent. It is, however, a banal finding that
mangroves develop best in tropical estuaries which receive heavy rainfall evenly
distributed throughout the year, whereas aridity is a limiting factor in many
regions of the world.

Regarding zonation and serial succession of vegetation in a mangrove
ecosystem, it is generally agreed that they are related to complex local factors
among which hydrology and climate are dominant, particularly because the
competitive ability of each species is related to its climatic requirements. This
has been expressed by Walter (1971, p. 161): ‘Under different climatic condi-
tions and different floristic compositions, different zonations would be
expected.’

The basic climatic factor governing the geographical distribution of species
is probably air temperature. Many biogeographers state that the number of
mangrove tree species declines from about thirty in equatorial Indo-Malesian
countries to only one north of the African Red Sea Coast at 27°40" N. (Avicen-
nia marina), whereas A. marina var. resinifera appears to be the most cold-
resistant species occurring near Auckland at about 37° S. This species can be
considered as a vicariant of 4. germinans which is the most tolerant of low
temperatures in North America.

An advanced knowledge of climatic conditions is also essential to soil
scientists, not only because low precipitation and high evaporation rates cause
hypersaline conditions, but also because the main mineralogic constituents
and pedogenetic processes are related to the prevailing climatic factors. For
example, Moorman and Pons (1975) note that in coastal sediments of
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humid and sub-humid tropical areas, the dominant constituents are kaolinite, iron
oxides and quartz . .. In the few sub-arid areas where mangroves occur (such as the
Senegal and Indus rivers) the sediments are less kaolinitic and contain less iron oxides;
illite and minerals of the smectite group dominate the clay fraction.

It also appears that climatic factors have a direct biological implication on
mangrove plants, but it is however a complex factor difficult to assess. Re-
search on the epidermis of mangrove plants (e.g. stomatal frequency, indices
and behaviour) has to be conducted within a climatic context because, accord-
ing to Sidhu (1975, p. 569),

the variations of stomatal and epidermal patterns of fully expanded leaves are functions
of genetic differences among species as well as variations in environmental factors such
as temperature, humidity, light intensity.

These few examples clearly show that an accurate knowledge of bioclimatic
conditions, for each mangrove ecosystem, represents the fundamental eco-
logical information required for an understanding of most problems related to
the biology of mangrove plants.

Present knowledge on temperature and rainfall

The present knowledge concerning major relationships between the distribu-
tion of mangrove forests and climatic regions has been broadly summarized
by Pannier and Pannier (1977) and by several contributors to the book Wer
Coastal Ecosystems (Chapman, 1977), notably West for the Americas
(pp. 193-213), Saenger et al. for Australasia (pp. 293-345) and Walter under
the title ‘Climate’ (pp. 61-7). The expressed results are not new; they concern
the biogeographical distribution of mangrove species, which is mainly related
to temperature conditions, whereas rainfall conditions often make it difficult
to determine the various types of zonation within the intertidal zone.

According to Walter (1977), mangrove ecosystems are mainly found in
three climatic divisions of the earth: (a) the equatorial zone, between approxi-
mately 10° N. and 5-10° S.; (b) the tropical summer-rainfall zone, north and
south of the equatorial zone, to approximately 25-30° N. and S., partly in the
subtropical dry zone of the deserts, still further poleward; and (c) partially in
warm temperate climates that do not have really cold winters, and only on the
eastern border of the continents.

At this point, it may be noted that the conclusions given above are not
wrong but they are extremely general and lack accuracy. They are based on
data provided by some 8,000 climate diagrams collected in the Klimadiagramm-
Weltatlas (Walter and Leith, 1960-67). Since temperature and rainfall are
essential bioclimatic factors for mangroves as well as for terrestrial plants, it
was necessary to combine them in a single diagram. This research was carried
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out by two teams: Bagnouls and Gaussen (1953) and Walter and Leith
(1960-67).

They have suggested that a month is ‘dry’ when its precipitation (P, ex-
pressed in mm) is equal to, or less than twice, the mean temperature (7, in
degrees centigrade). A dry month is a month in which P is less than 27. This
definition can be applied all over the world. In order to show the seasonality
of each wet and dry period, they have suggested the use of very simple
ombrothermic diagrams or climatic diagrams (Fig. 2.1). On the same graph,
the months in ordinates are quoted in abscissa, with the scale of precipitation
(in millimetres) on the right side and, on the left side, the scale of temperatures
(in degrees centigrade), which is double the precipitation scale. When the
precipitation falls below the temperature curve, the period is considered dry
(dotted on the graph). When the precipitation is above the temperature curve,
the period is considered to be humid. In addition, Walter proposes that pre-
cipitation above 100 mm be printed in the scale of 1:10 and marked in black.
These rainfall-temperature diagrams have been used by several scientists for
mangrove study sites in India (Blasco, 1975), in Florida, Puerto Rico, Mexico
and Costa Rica (Pool et al., 1977) and also by Walter (1977) and Pannier and
Pannier (1977) for South American mangroves.

Tall, dense and floristically diverse mangroves are almost exclusively
found either in the ‘equatorial zone’ (Malaysia, Indonesia, Colombia, etc.) or
in the ‘tropical summer-rainfall zone’ (most coastal areas of India, Burma,
Thailand, Indochina, etc.). Thickets of low, scattered or sporadic mangrove
species prevail in the ‘subtropical dry zone’ (north-western Indian coast,
Pakistan, African Red Sea coast, etc.) and in ‘warm temperate’ climates (Au-
stralia, New Zealand); their floras are extremely simplified.

As already stated, 4. germinans marks the poleward limit of mangrove
formations in the Americas (see Figs. 2.2, 2.3 and 2.4). Moreover, Pannier and
Pannier (1977) point out the substitution of A. germinans (=nitida) by A.
schaueriana in the subtropical zone of South America; this observation is open
to further taxonomic investigation.

In Australia, Saenger et al. (1977, p. 297) point out that A. marina var.
australasica is the only species occurring south of Merimbula Estuary
(36°50" S.) on the east coast and south of Carnarvon (25°S.) on the west
coast.

The localities and area of distribution of each mangrove species can be
considered to be reasonably well documented; they are given in modern floras
such as Flora Malesiana (van Steenis, 1955-58), whenever the group has been
botanically revised (cf. Breteler, 1977; Tomlinson, 1978). Finally, according to
the synthesis of Saenger et al. (1977), all mangrove species disappear when the
average temperature of the coldest months (January or July) drops to 16 °C or
lower. Moreover, mangrove species are extremely sensitive to frost and with
the exception of some Avicennia (A. marina var. resinifera and 4. germinans)
which tolerate occasional light frosts (up to —2°C or —4 °C), they do not
survive frequent or lengthy periods of frost.
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The typical responses of mangrove communities to decreasing temperature
and increasing thermic amplitude (daily and annual) are reductions in species
richness, forest height and the maximum size of trees. This has been clearly
shown along a latitudinal gradient along the Florida coast of the Gulf of
Mexico (Lugo and Zucca, 1977).

Up to now, few investigations have been carried out on the autecology of
mangrove species with regard to their thermic optimum or requirements.
According to some field observations it seems that small variations in some
thermic factors are decisive in restricting the geographical distribution of some
Asian species. These thermic factors include the absolute minimum and its
frequency, the average minimum of the coldest month, the daily amplitude
(difference between the hottest and coldest hour of the day) and the annual
thermic amplitude (difference between the temperature of the coldest and hot-
test months), etc. Most probably, there exists a thermic threshold for each
species during the seedling stage. When this threshold is reached, establishment
is made difficult or impossible, or the seedling is simply killed. Experimental
work is required to determine the thermic requirements of each mangrove
species.

Whereas air and water temperatures determine the latitudinal limits of
mangrove species, rainfall generally governs the distribution and zonation of
plants along many non-mountainous coasts. For example, in tropical Asia, the
wettest coasts are located in Malaysia, Sumatra, Kalimantan (Borneo), the
driest are in the Gulf of Kutch (north-western coast of India) and the Pakistan
coast. Plant zonation in both cases is entirely different. Under humid climatic
conditions, the less salt-resistant species (Heritiera fomes, Sonneratia caseolaris,
Nypa fruticans and several Pandanus) are found in the landward zone, in con-
tact or partly mixed with luxuriant freshwater swamp-forest elements. In dry
regions, affected every year by long periods of severe drought, most salt-
tolerant species (Salvadora persica, Avicennia marina, Salicornia brachiata,
Suaeda monoica, Atriplex stocksii, etc.) occupy the landward zone in contact
with extensive areas of ‘blanks’ in which the salt concentration is so high that
practically all plants are excluded.

The explanation for these contrasting patterns is rather simple. Under
humid climatic types, soils are almost continuously leached by heavy rains.
Under arid conditions such as in Gujarat, India, where the influence of fresh-
water is almost nil, the evaporation of water is extremely rapid between two
high tides; this leads to an unvarying high concentration of salt in the landward
zone. Naturally, in the inner zones which are flooded only twice a year during
the equinoctial tides, hypersalinity is so pronounced in the topsoil that even
halophytes disappear; these are ‘blanks’ without any vegetation. These
examples demonstrate the importance of rainfall as a determining ecological
factor in mangrove areas. It is necessary to evaluate this climatic factor for
every mangrove site study.
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Evaluation of various degrees of aridity

Ombrothermic diagrams can help to quickly determine the length of the dry
season, but they are not designed to determine how dry a station or a season
may be. That is why agriculturists usually prefer to compute the potential
evapotranspiration (Etp), particularly for the dry season. The water deficit,
which expresses aridity, results from an excess water loss, compared with the
water received. Hence, it is possible to classify climatic regions according to
the degrees of aridity, i.e. the values of the ratio P/Eip, in which P is the mean
annual rainfall and Efp the mean annual potential evapotranspiration. The
major procedural problem is to select one among the numerous available Etp
formulae (Thornthwaite, 1948; Turc, 1954; Penman, 1956, Papadakis, 1965;
etc.). For several reasons, both scientific and practical, we have selected Pen-
man’s procedure. Thornthwaite, who introduced potential evapotranspiration
on climatology, has elaborated a formula that is complete, exceedingly empiri-
cal and has given rise to much controversy. Papadakis’ formula is simpler:

E = 0.5625(e,,, — €;)

where E = monthly potential evapotranspiration in cm
€pa = saturation vapour pressure corresponding to the average
daily maximum in millibars
e, = average vapour pressure of the month in millibars.

We have further simplified this formula:
E = 0.5625(e,; — €i_5)

where e, , = saturation vapour pressure corresponding to the average daily
minimum minus 2 centigrades in millibars; 2 is the ‘normal’
difference between average daily minimum and dew-point.

With this formula the only data that are necessary are the average maximum
and average minimum temperatures; these data are usually available in all
stations (Papadakis, 1966).

Although this formula leads to a satisfactory classification of Indian
climatic zones, it is difficult to accept without criticism. For example, the
climate of Bombay (six dry months) is similar to that of Singapore or
Palembang (no dry months). Penman’s formula seems to be a more reliable
alternative.

Penman’s formula is best suited for estimating water loss from a free
water surface or for a crop constantly supplied with water. Thus, for mangrove
study sites it appears that this formula is certainly one of the best adapted
since many analogies can be found between a wet soil surface of an intertidal
mangrove area and a free water surface. Moreover, it includes extremely im-
portant climatic parameters prevailing in dry zones such as wind and its drying
power, solar radiation and air humidity. Finally, it has been selected by Unesco
(1979, p. 10) which argues soundly that ‘the great advantage of Penman’s
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formula is that it has been used in numerous biological and physical studies of
climate, the results of which have been widely diffused. In addition, it is today
considered more satisfactory than the formula used in the Meigs map’
(Thornthwaite’s index). It should also be stated that the idea of considering
evapotranspiration as an essential ecological factor for mangrove studies is
not new. Davis (1940) had already mentioned it, and Jennings and Bird (1967)
did the same for aridity.

Penman’s formula is based on the following considerations: Evaporation
from a free water surface is a function of surface saturation deficit and wind:

E, = flu)(e, — e,) M

where E, is evaporation
Sf(u) is a function of wind speed (u)
e, is saturation vapour pressure at surface temperature (7)
e, is mean vapour pressure of the atmosphere.
If surface temperature (T,) were equal to air temperature (T,), evapora-
tion would be a function of air saturation deficit (e, — e,).
This hypothetical evaporation is termed by Penman as the drying power
of the air (E,):

Ea = f(u)(ea - ed) (2)

where E, is the drying power of the air
e, is saturation vapour pressure at air temperature (7,)
By dividing (1) by (2) we obtain:

Ey/E, = (e, — eJ/(e, — es) 3

This equation shows that the ratio of evaporation to the drying power of the
air is equal to that of two saturation deficits, one computed on the basis of
surface temperature and the other on the basis of air temperature.

Since the difference T, — T, is seldom considerable, equation (3) provides
a sound basis to compute evaporation (Papadakis 1965, pp. 7-8).

As far as we know this formula has never been applied to mangrove
ecological studies. However, it promises to yield interesting correlations be-
tween the values of Etp and the biogeographical distribution of mangrove
ecosystems or mangrove species, which may be required for the exact mapping
of the main mangrove areas of the world. When we compare the world dis-
tribution given by West (1956), Kiener (1973), Chapman (1977) with our dis-
tribution map, we find important disparities which restrain reliable correlations
with available bioclimate maps. It is suggested that the question of mapping
the exact distribution of mangroves be re-examined relative to the available
vegetation maps for each country, island or continent.!

Based on Penman’s formula, the Map of the World Distribution of Arid

I. A new map, based on satellite imageries (Landsat 1 and Landsat 2), covering all the countries of South
America has been published by Unesco (1981). Catalogues of available vegetation maps for each country
have been published by Kuchler (1968-70).
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Regions (Unesco, 1979) can be compared with that of the world distribution

of mangrove ecosystems. The interesting features shown on the map are four

degrees of aridity distinguished on the basis of the ratio P/Etp, temperature
regimes and drought period, where, P = mean annual rainfall, Efp = potential
evapotranspiration, calculated according to Penman’s formula, and m =
temperature of the coldest month.

It can be concluded that (see Figs. 2.2, 2.3, 2.4):

1. At least 90 per cent of the world area in mangroves is found in warm
humid regions, where P/Etp > 0.75, winters are warm or mild
(tm > 10°C), summers are also warm with an average of the warmest
month exceeding 20 °C.

2. Under sub-humid climates (0.50 < P/Etp < 0.75)mangrovesare occasionally
found, mainly in Kenya, Tanzania, India, Australia, Venezuela, Mexico.

3. Under semi-arid conditions (0.20 < P/Etp < 0.50), mangroves are excep-
tional, mainly found in the Indus delta (Pakistan) and in Gujarat (India),
Australia (Northern Territory and Western Australia), Ecuador.

4. Under arid climates (0.03 < P/Etp < 20), mangroves are practically un-
known, with the exception of those of the Red Sea (mainly Ethiopian and
Egyptian coasts), the Persian Gulf and the Gulf of California. It is note-
worthy that these latter regions receive winter rains which are more effective
than the summer rains which evaporate rapidly.

These provisional conclusions illustrate the methodology. The general results

given above can be considerably broadened and improved if all available data

are thoroughly studied and if Eep is applied to each mangrove site. This method
has to lead to a classification of mangrove ecosystems according to climatic
parameters of their environment. The task is already relatively simplified since
many of the mean values of Erp have been calculated and are available,
monthly and yearly, for a great number of coastal tropical stations.!
Naturally, this is not a blameless approach for two main reasons. First,
even if Penman’s formula has a worldwide reputation, it is rather complex and
nevertheless not perfect. It probably overestimates Etp under humid climates

(Papadakis, 1965) whereas it probably underestimates Etp in dry zones. How-

ever, it has been proved that it operates satisfactorily on a regional scale. On a

local scale, some other factors should be taken into account. Secondly, Eip

values used until now, were based on the means of the main climatic factors.

They conceal temporal variability of essential factors (rainfall, temperature,

saturation deficits, etc.).

Climatic variability

All available climatic classifications are based on mean values of climatic data,
according to averages of at least twenty years. In tropical countries, it is often

1. They can be obtained from the General Secretary, World Meteorological Organization, CP1-CH1211, Geneva
20, Switzerland.
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necessary to refer also to actual yearly values, at least for rainfall and aridity,
so that the exact meaning of averages, as well as the degree of stability of
climatic factors, can be easily discerned.

Variability in precipitation is a general phenomenon in tropical countries.
On south-eastern Indian coasts, for instance, in the delta of the Cauvery (Cud-
dalore), the annual rainfall may vary from 3,400 mm in 1895 to only 690 mm
in 1968, with the average for the period 1892-1970 being 1,380 mm. It is
essential also to consider the variability in the length of the dry season. Again,
in the case of the Cauvery delta, the average length is five consecutive dry
months, though the actual duration often reaches seven months. In addition,
it is usual at tropical latitudes to find a great disparity in the number of rainy
days from one year to another. At Cuddalore, it usually varies from 50 to 100
days. The above example brings out the variability of common climatic factors
in a mangrove area. These variations have repercussions on the biology of
halophytes and on soil properties. As a general rule, most unstable climatic
types are found far from the equator, near the subtropical zones, where man-
groves, when present, are not luxuriant. In contrast, mangroves develop best
in regions experiencing rather regular climates with abundant rainfall evenly
distributed throughout the year; this is the case for Malaysia, Indonesia and
Papua New Guinea, where mangroves reach their maximum in size, density
and specific diversity.

Thus it is necessary to analyse, in addition to the average temperature/
rainfall diagrams and Eip, the annual variations of rainfall and length of the
dry season (actual number of dry months) and to express the results in a
synoptic table as illustrated in Figure 2.5.

In some cases, it will be useful to include in the same table data provided
by inland stations located in the drainage area system. As a matter of fact, it
could happen that even if an estuary is rainless for a part of the year, the
normal salinity in the estuary is maintained due to the rain and runoff from
the drainage system. This is the case for the mangroves of southern Ecuador
which are luxuriant according to Eggers (1892) and West (1956), even though
they are located on an arid coast at the foothills of the Andes; these neigh-
bouring slopes, however, are humid. The situation is somewhat similar for the
mangroves of Tuléar (Madagascar).

No relevant literature on the effects of climatic variability on mangrove
standsis available. We can, however, hypothesize that a natural cause of the man-
grove change and disappearance in the Sahelian and Arabian sea regions could
be the effect of climatic instabilities. This question was raised by Marius (1979)
who has been working for years on the mangroves of Senegal and Gambia (at
about 13° N.) where the total mangrove areal extent is about 7,000 km3.

The average mean of annual rainfall in this area is rather high (1,400 to
1,500 mm), mainly concentrated in July, August and September. According to
meteorological records, 1971 and 1972 were exceptional years with annual
rainfalls of only 904 and 655 mm. In addition, the pluviometric data for 1977
also show a deficit due to a rainfall of only 855 mm.
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STUDY OF CLIMATIC VARIABILITY

Annual variations of rainfall and length of the dry season
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Graphic illustration of climatic variability.
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These three almost consecutive and pronounced dry periods have dras-
tically affected the mangrove communities. In some areas (such as the Bignona
River), the species zonation has been either disturbed or entirely changed.
Rhizophora species (R. racemosa and R. mangle) have suffered the most from
dryness and have simply disappeared from the area and have been replaced by
herbaceous patches of Sesuvium portulacastrum and Paspalum vaginatum. The
Avicennia community has also been greatly affected and has widely been
invaded by S. portulacastrum. However, though only a few bushes of Avicennia
have survived, it was noted in 1978 that Avicennia seedlings were recolonizing
the areas previously dominated by Avicennia. The case of Rhizophora is differ-
ent as they are unable to recover from the effects of dryness within a short
period of time.

These changes in vegetational patterns and species composition have been
related to simultaneous edaphic modifications. Changes in soil properties are
both morphological and chemical (increase of salinity, decrease of pH, etc.).
To some extent, it appears that the natural response of mangrove forests to
exceptionally dry years is comparable to the artificial effects of periodic diver-
sion of freshwater inputs.

It is noteworthy that climatic parameters, including their variability, affect
mangroves in a variety of ways such as physiological impacts of persistent dry
winds, increase in water and soil salinity, chemical changes in groundwater,
etc. None of these mechanisms is fully understood at present.

Study of winds and microclimatology

No systematic studies of wind have been carried out in relation to mangrove
biology. However, information concerning prevailing direction and speed are
usually obtainable from data which has been collected from local meteoro-
logical stations. To some extent, biological properties of winds (mainly the
drying power of the air) is integrated into Penman’s formula. However, the
mechanical effect of wind is far from being negligible as has been emphasized
for almost every important mangrove ecosystem of the world, for several
reasons.

1. Sand-carrying winds rapidly modify the coastal morphology and deeply
affect the evolution of adjacent mangrove ecosystems, causing trees to be
progressively buried; this is particularly evident along the southwestern
coast of Madagascar.

2. The prevailing winds impart an almost constant direction to longshore cur-
rents, transporting and depositing a considerable amount of clay, sand and
silt (for example, the eastern Indian coasts, Colombia, etc.) (It is to be
noted that winds also determine pollen dissemination patterns.)

3. The impact of tropical cyclones and hurricanes on the eastern coastlines of
tropical landmasses is extremely important.

Data concerning coastal winds must include at least the following components:
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(a) prevailing monthly direction and mean monthly velocity; and (b) inventory
of the number, dates and strength of cyclonic storms, which have impacted the
mangrove area during the previous decades. This inventory can throw some
light on the explanation of the present status of some mangrove stands, not
only because some of them are bluntly destroyed by storm surges but also
because the dispersal of propagules either inland or far away from the parent
trees is often explained by the effect of these surges. For in the New World,
as Chapman (1975, p. 213) has indicated,

only Borgesen (1909) reported destruction of mangrove forest by hurricanes in the
Danish West Indies; Davis (1940) recorded the destruction of Florida mangroves in the
hurricanes of 1926, 1929 and 1935. Chapman (1944) suggested that hurricanes could
account for relict patches of dead mangrove in Jamaica and, more recently, Egler
(1950) stressed the importance of this factor.

Cyclonic storms are particularly numerous and dangerous to the mangroves
and people around the Bay of Bengal mainly in India and Bangladesh (Blasco,
1975). For the mangroves of the Cauvery in south India, Venkatesan (1966, p.
30) has given the following account:

During the cyclone of November 1952, which was accompanied by a tidal wave, the
whole of Muthupet and Chattram Forests were overrun by the sea and remained sub-
merged to a depth of about 2 m for a fortnight. As a result of this, 4vicennia was killed
over large areas. The young growth below 3 years, a few large trees in the older crops
and the growth on narrow belts along the creeks have, however, survived this on-
slaught.

Cyclonic winds and associated tidal surges are common phenomena in New
Caledonia (Baltzer, 1975), northern Australia (Chapman, 1977, p. 297), Re-
union and Madagascar islands, etc.

The intensity of cyclones, in relation to their impacts on the mangroves,
can be roughly classified as minor (defoliation of some mangrove components),
severe (partial destruction of the ecosystem), and destructive (almost all man-
grove trees are killed). So far, only minimal research in this field has been
undertaken.

Microclimatic studies

It is obvious that most macroclimatic studies are based on data provided by
meteorological stations and that the published observations of humidity, tem-
perature, wind, etc., may differ from those prevailing in the canopies of the
various vegetation types. However, local and microclimatic measurements are
still extremely rare in swampy areas for several reasons, among which is the
logistic difficulty of the task.
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In addition, it is undeniable that microclimatic conditions are narrowly
related to physiological problems which are usually studied in climatically
controlled chambers.

Nevertheless, for research workers who are interested in simulation, ver-
tical profiles of air temperature and humidity through mangrove stands, or for
those who desire to study the diffuse solar radiation at several levels of man-
grove canopies, it is suggested that reference be made to the work conducted
at the Department of Biology, San Diego State University, California (Miller,
1973, 1975).

Conclusions

It is true that among abiotic ecological factors, soil salinity and soil structure,
and hydrological conditions, are the main agents controlling the distribution
of mangroves. However, it is uncontrovertible that temperature sets the latitu-
dinal distribution of halophytes and that regional rainfall and evapotranspira-
tion are essential factors because of their direct biological implications as well
as their decisive influence on soils and pedogenesis.

It is suggested that each mangrove ecosystem must be characterized by its
climatic identity card which would integrate all fundamental climatic factors
that have been discussed in the text.

In order to provide a graphic expression of the average seasonality of
each wet and dry period, it is recommended that climatic diagrams, such as
those of Bagnouls and Gaussen (1953) or Walter and Leith (1960-67), be
used. However, these diagrams, which express the length of dry seasons, do
not give information concerning the degree of aridity. That is why each
mangrove climatic identity card must give the monthly values of the po-
tential evapotranspiration computed with Penman’s formula as has been
done by Unesco (1979). It would be possible to classify the climatic or
natural (almost untouched by man) mangroves of the world, or of each
continent or country according to the degree of aridity of their site. Naturally,
other important climatic data which determine some soil properties, dis-
tribution of species, adaptative characters, etc., should also be given on the
card.

Finally, the degree of stability of the main climatic factors is expressed by
a synoptic table devoted to the variability in precipitation, length of the dry
season, number of rainy days and potential evapotranspiration.

With regard to water temperatures, the available data are extremely frag-
mentary. Presumably, cold marine currents may play an inhibitory role, but to
what extent? There is a strong feeling among West African ‘mangalogists’ that
the mangroves of the Kouilou estuary (Congo) are poorly developed because
of the close proximity of the cold Benguela current (Moguedet, 1980) which is
responsible also for the aridity of West African coastal climates in Angola and
southward.
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3
Mangrove evolution and palynology

Frangois Blasco

Institut de la Carte Internationale du Tapis Végétal
39 allée Jules-Guesde

31400 Toulouse, France

Introduction

Several attempts have been made to deduce from palynological studies either
the presence of mangroves in the past and their evolution or simply the location
of ancient shorelines in a geomorphological context. Until recently, it has been
agreed that palynology has been one of the most sensitive tools for an evalua-
tion of any floristic change in a mangrove area such as: (a) sudden or gradual
vanishing of one or several species in a given locality; (b) r