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ASSOCIATION OF MAMMALS WITH MANGROVE FORESTS: A WORLD
WIDE REVIEW
Marcus E. B. Fernandes'

RESUMO
Associacio de mamiferos com florestas de mangue: uma revisio ao redor do mundo

As florestas de mangue so relevantes para a sobrevivéncia de muitas espécies de vertebrados.
Dentre elas estdo uma variedade de mamiferos, os quais também dependem dos recursos
desse sistema. Evidéncias paleoecoldgicas da presenga dos mamiferos nos manguezais
indicam que tal associagdo tem ocorrido desde os periodos geoldgicos mais distantes. Assim,
as associacdes atuais poderiam ser interpretadas como um resultado de um processo
evoluciondrio, pelo qual algumas espécies hoje existentes tém adaptado seu comportamento
as condigdes indspitas dos manguezais e sua fisiologia digestiva aos altos teores de tanino
e sal das plantas. Muito embora muitas espécies de mamiferos ainda precisem ser registradas
em florestas de mangue, elas contam menos do que 10% de todos os vertebrados ja observados
nesse sistema. Baseados numa revisio detalhada da literatura disponivel e observagdes de
campo, este trabalho também categoriza o status de residéncia da comunidade de mamiferos
dos manguezais. O tempo gasto dentro do ecossistema, o que reflete a natureza da relagdo
entre a espécie e o ecossistema durante o seu ciclo de vida, € o principal parametro para

determinar seu status de residéncia.
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ABSTRACT

Mangrove forests are relevant for the survival of a large assemblage of vertebrate species.
Amongst these are a variety of mammals which also depend on the resources of the mangrove
system. Paleoecological evidence of the presence of mammals in mangroves indicates that
such association has occurred since the earlier geological periods. Thus, present day

associations may be interpreted as a result of an evolutionary process by which some living
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species have adapted both their behaviour to the inhospitable conditions of the mangrove

environment and their gut physiology to the high tannin and salt contents of the plants.

Even though many additional mammal species remain to be recorded in mangrove forests,

they amounting to less than 10% of all vertebrates observed there. Based on detailed

assessment of the available literature and field observations, this report also presents a

categoristion of the residence status of the mangrove mammal community. The time spent

within the ecosystem, reflecting the nature of the relationship between the species and the

ecosystem during the life-cycle, is the main parameter in determining its residence status.

Keywords: mammals, mangrove forests, residence status, review.

INTRODUCTION

Mangrove forests dominate around one-
quarter of the world’s tropical coastal zone
(Chapman, 1975) providing a large variety
of habitats for a diverse assemblage of
species. According to Sasekumar (1974),
it is the invertebrates which are considered
as the principal resident fauna of mangrove
forests. Consequently, the majority of
previous studies on animal communities in
mangroves has focused on different aspects
of the natural life of the invertebrate groups
(Berry, 1964; Kinne, 1964; Carpelan,
1967; Macnae, 1968; Warner, 1969;
Hutchings & Recher, 1974; Rayner, 1979;
Bolivar, 1984; Castro, 1986; Muller &
Lana, 1986; Porto & Fonteles-Filho, 1986;
Rueda, 1986 Perry, 1988; Junqueira et al.,
1989).

Some studies on vertebrates have in
particular investigated the ecological
importance of mangrove ecosystems as
nursery areas for many species of fishes
(Aveline, 1980; Lessa, 1986; Robertson &
Duke, 1990). In addition, the fishery

themselves, as a source of income and
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protein for human population, have also
been described. These studies have mainly
concentrated either on the productivity or
on the management of estuarine fish
communities (Hamilton & Snedaker,
1984). Amongst other vertebrate species,
e.g. birds, which often use mangrove areas
as roosting or nesting sites, have also been
investigated, continuing their frequent
dependence on the mangrove ecosystem
(Tostain, 1986; Ottenwalder er al., 1990;
Lefebvre ef al., 1992). However, mammals
although a potencially significant trophic
group within the mangrove community, they
have been until now largely neglected. In
fact, mangrove forests are relevant to the
survival of a large number of mammal
species. Further it can be appreciated that
mammals must have developed over time
a variety of physiological adaptations and
behavioural strategies which have allowed
them to forage on mangrove resources. It
seems to be true for many species of
mammals widely distributed in different
geographical zones throughout the world.
This report presents an extensive literature

review of the mammal/mangrove
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association throughout the world
undertaken in order to better understand the
ecological significance of different
components of this association.
Paleoecological evidences and a checklist
of the current associated-mangrove
mammal species are also presented. In
addition, the residence status of the
mangrove fauna is discussed in order to
categorise the time spent by the current
associated mammal community. Finally, the
ecological relevance of the mangrove/
mammal association, in particular that
presented by primate species, is also

discussed.
MATERIALS AND METHODS

This report was written based on
information on mammal species associated
with mangroves. Relevant studies have
focused on the residence status of species,
mainly fishes and birds, in order to quantify
their role in mangrove areas (Léfebvre er
al., 1992: Robertson & Duke, 1990).
However, no standardised categories were
found for describing the time variation that
each species can spend in different
activities in mangroves. Thus, an attempt
to define categories of residence status is
presented in order to compare all the animal
groups related to the mangrove ecosystem,
and particularly mammals.

The survey of the literature ‘was
principally focused on the class Mammalia
to produce a checklist of species which can
potentially be found in mangrove areas. The
geographic zones described by Saenger e al.
(1983) were used to show the distribution
of the mammal species in mangrove forests
throughout the world (Table 1). This

checklist is mainly based on records cited
in the available literature world wide, as
on species observed in loco.

The information on species cited in the
literature was classified as being of two
different types according to the following
criteria:

1. where a species was cited by author(s)

as having been directly observed in

mangrove forests.

e c.g. “...the Eonycteris spelaea
flies long distances to take the pollen
of Sonneratia.” (Berry, 1972).

e c.g. “The pig-tailed macaque
is less commonly seen than the crab-
eating macaque. It is less partial to
the nipa-mangrove zone.” (Davis,
1962).

2. where species are considered by

author(s) as supposed inhabitants of

mangrove areas.

e c.g. “Found at all altitudes and
occurring in all vegetation types.”
(Stwart & Stwart, 1963).

e ¢.g. “..the mangrove swamps
pass into the scrub jungle forest of
the drier regions... it is quite likely
Javan rhinos had the same habitat
requirements...” (McNeely, 1977).

RESULTS

Paleoecological evidences of mammals in

mangrove forests

Pure dense stands of Nypa palm/
mangrove association flourished during the
Eocene. Climatic conditions were tropical
and may have been similar to those found
today (Westgate & Gee, 1990). Although
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many environmental changes have occurred
along coastlines over time leading to the
disappearance of mangrove formations in
some areas, their former presence can be
inferred from the frequent presence in cores
of large amounts of pollen and spores of
close relatives of species now living in
mangrove forests. In addition, mollusc
shells, and the bones of marine and
estuarine fishes, and of other vertebrate
species associated with mangroves, are
strong indicators of previous coastal
paleoenvironment. Such evidence suggests
that a diverse assemblage of marine and
freshwater vertebrates probably éntered
mangrove systems, some during dry periods
when the salinity was higher and some
during the wet season when salinity was
lower (Westgate & Gees, 1990). Amongst
these remains have been found of many
terrestrial and of some freshwater species
of mammal indicating their presence in
association with mangroves during earlier
geological periods.

A paleoecological study of a middle
Eocene mangrove site carried out in south-
west Texas (USA), recovered by an
excavation of terrestrial and arboreal
animals including at least 29 species of suite
of fossil mammals which appear likely to
have inhabit the brackish and freshwater
areas within and adjacent to the mangrove
(Westgate & Gee, 1990). This suggests that
mammal species may over time have played
significant roles in ecological process
within or associated with mangrove
ecosystem. In addition, mangrove-

associated mammals seem to have
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constituted an important protein resource
to hunter-gatherer communities. Manatees,
along with cetaceans that entered the waters
of the lagoons, deer, peccaries, and other
smaller mammals were all hunted by local
communities at that time (Sanoja, 1989).

According to Ghosh et al. (1992),
subfossil remains of the great one-horned
rhinoceros have been found in southern
West Bengal (India), testifying that these
mammals also thrived in riverine and
mangrove swamps about 3,000 years ago.
The presence of mammals associated with
mangroves may be interpreted as a result
of an evolutionary process by which some
living species still continue to acquire
tolerance to the inhospitable conditions
offered by this habitat.

Current mangrove-associated mammals

The species of mammal so far reported
as occurring in mangrove areas are listed
in Appendix 1. In general, fishes and birds
have the greatest number of vertebrate
species associated with mangrove forests,
accounting for 52% and 38%, respectively.
This indicates the importance of the
mangrove forests to the diversity of these
groups. By contrast, the amphibians and
reptiles together represent only a small
percentage, about 2%, while the mammals
listed here represent around 8% of the total
assemblage of vertebrate species recorded
from the mangrove system (see Table 2).

Even though mammals representing only
a few percent of the mangrove vertebrate

species, many of the species which occur
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in adjacent habitats are also liable to make
some use of mangrove resources or be
occasionally observed within fringe
mangrove areas. An attempt was made to
determine the number of species from each
mammal order reported amongst mangroves
within each of the six regions of the world
occupied by mangroves, as previously
defined by Saenger et al. (1983).

So far 111 species of mammals have
been recorded as mangrove-associated in
different parts of the world (see Table 3).
In sum, 119 mammal species are recorded
for the six regions (since the same species
occurs in more than one region) giving a
mean of close to 20 species per region. The
regions coded as number 1 (Asia) and 6
(East Coast of Africa and the Middle East)
were the geographic zones having the
highest number of mammals species
known to use mangroves (45 and 26,
respectively - see Table 3). However, the
assemblage of mammals in mangrove areas
seems to have been subject to only limited
research on biogeography, ecology, oreven
taxonomical aspects, so that further
mangrove-associated mammal species seem
likely to be added to the checklist here

provided.
Residence status of the mangrove fauna

A rich variety of invertebrate animal life
can be found in mangrove areas, but
nevertheless, is mainly dominated by justa
few groups which are principally
represented by sipunculids, polychaetes,
gastropods, and brachyurans (Sasekumar, 1974).

In addition, there is also an associated fauna
occurring in different zones of the mangrove
forest comprising species derived from
adjacent ecosystems (Hegerls & Davie,
1977; Mandura er al., 1987). It has become
fairly widely accepted that these non-
obligatory associated species are
nevertheless an important part of the
mangrove community, as well contributing
to the available resource of the system.
Different periods of permanence can be
observed amongst the different taxonomic
groups which are regularly found in
mangrove areas. Five categories of
residence were identified from an attempt
to categorise the patterns of residence status
of species associated with the mangrove
ecosystem (see Table 4). The categories
were defined based on the species
dependence on mangrove resources and on
the time spent in the ecosystem during their
life-span. From these categories a schematic
model was produced in order to better
visualise the relationships between
categories of residence status and different
adjacent ecosystems/habitats to which
species may originally belong (see Figure 1).
The majority of the associated specie
show some type of dependence on
mangrove resources which, in turn,
represent one of the main factors in
regulating species residence status in the
system. Amphibians, for instance, are one
of the most salt intolerant groups of
vertebrates, but nevertheless, a species such
as Rana cancrivora is able to spend a
complete life-cycle in mangrove forests

(Vannucci, 1989). Other taxonomic groups
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such as reptiles (e.g. Crocodilus
porosus - Graham, 1929) and birds
(e.g. the scarlet ibis, Fudocimus ruber -
personal observation) are found living in
salt water creeks and on the edge of the
swamps, where their feeding requirements
are met.

Mammals can also spend long periods
in mangrove forests. For example, Camels
(Camelus dromedarius - Aleem, 1990),
proboscis monkeys (Nasalis larvatus -
Kern, 1964), and howler monkeys
(Allouatta belzebul - personal observation)
forage on leaves in mangrove areas. Even
if only part of their total feeding
requirements are obtained from mangrove
resources, they may spend a great part of
their life-cycle travelling across these
forests. Although the presence of some
mammals in mangrove is restricted to
feeding behaviour, mangroves are also used
as sleeping, roosting, and nesting sites, or
simply as a suitable area for seeking shelter.
The ecological relationship developed
between an animal species and the
ecosystem will be one of the important
parameters influencing its permanence and
hence its residence status. According to the
available information in the literature and
from personal observation, an attempt was
made to determine the residence status of
mammal species in mangrove areas (see
Appendix 1).

The importance of mangroves to the

mammal community

Hutchings & Saenger (1987) have
pointed out that the majority of terrestrial

vertebrate groups use mangrove areas as an
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extension of their range, as a substitute
habitat, or as a bridging habitat between
two terrestrial ones. In addition, mangrove
areas are used by many species of mammals
either when seeking shelter against
predators or for foraging on several
resources which may be abundant during
different parts of the annual cycle.

Few mammal species have shown a
strong dependence on mangrove forests.
The small grey false water-rat (Xeromys
myoides) is one of the best adapted to
mangrove conditions possessing well-
developed skills enabling it to feed on crabs
(Magnusson et al., 1976). This type of
adaptation seems to be an important
advantage for some mammals because
whilst marine invertebrates may be an
abundant feeding resource, other terrestrial
competitors frequently live in adjacent
habitats rather than in mangrove forests.

Mangroves are ever-growing and
evergreen forests. So that, mangroves may
be as typically having permanent and
abundant food supply whereas there may
be lean seasons due to the depletion of food
resources in adjacent forests. This can be
exemplified by the agoutis (Dasyprocta
punctata) and pacas (Agouti paca), which
are not adapted to the mangrove system but
can be found foraging for seeds on
mangrove forest floors when the tide is out
(Smythe, 1983; personal observation).
Whilst the mangrove flora is larkgeiy
composed of species which have leaves with
high tannin and salt contents (Lacerda et
al.,, 1985; Lacerda et al., 1986), some
mammal species have adapted to such food
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and indeed are able to thrive using

mangrove resources. According to Bennet

& Sebastian (1988), larger ungulates have
greater needs for salt and other minerals.
In this case, the key deer (Odocoileus
virginianus clavium - Klimstra & Dooley,
1990) may be associated with mangrove
areas in order to secure a suitable supply of
salt and minerals. In this context it may be
noted that, folivores have a specialised
microflora in the foregut which can provide
vitamins and break down fiber (Bauchop, 1978).

The association of primate species with

mangrove forests

Primates include some of the species
best known to be associated with mangroves
(Kern, 1964; Kawabe & Mano, 1972;
1972; Macdonald, 1982;
Chapman, 1987; Salter et al., 1985;
Chakrabarti, 1987; Rajanathan & Bennett,
1990; Fernandes, 1991; Yeager, 1990,
1991, 1992:; Fernandes & Aguiar, 1993).

Many species show only short movements

Poirrier.

across the mangrove forest, principally
during the drier periods. This is exemplified
by bearded sakis (Chiropotes satanas
satanas), a typical primate species from the
dense rain forest, which can be seen
foraging on insects at the edge of mangroves
in north-eastern of Brazil (personal
observation). By contrast, some other
primate species are well adapted to
mangrove forests and show a strong
dependence on these resources. This is the
case with the proboscis monkeys (Nasalis

larvatus), a large herbivore strongly

adapted to this system. They must consume
large.amounts of this indigestible food, in
order to obtain sufficient energy, fiber, salt,
and other minerals to satisfy their intake
requirements in the coastal areas
(Bennett & Sebastian, 1988). It suggests
that such adaptations have led these
colobines to show such dependence on
mangrove resources or on other comparable
resources found in adjacent coastal habitats.
Silvered leaf-eating monkeys (Presbitys
cristata) seems to live under the same
conditions. They forage heavily on plants
such as Rhizophora sp. in Malaysian
mangrove forests (personal observation).
Mangrove forests are also often visited
by generalist primate species which use

several habitats as potential patches in

wMhich to look for food. One of the most

representative generalist primate species in
the Old World is the long-tailed macaques
(Macaca fascicularis). They are
considered to be a regular riverine forest
dwelling monkey as the proboscis monkeys
(Nasalis larvatus) in the coastal forests
(Yager, 1989). However, the long-tailed
macaques show an ability to feed on
resources such as the bivalve, Adnadara
granosa, that are not exploited by other
primates. Long-tailed macaques forage on
the edge of the mangrove forests picking
up bivalves and other invertebrates from the
muddy floor when the tide is out (personal
observation). Another important generalist
species found in mangrove areas are vervet
monkeys (Cercopithecus aetiops), known
locally as “mangrove monkeys” in southern
Senegal. According to Galat & Galat-
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Luong (1976) they studied a troop which-

spent about 80% of their time within the
mangrove swamps. In addition, they spent
52% of their feeding activity hunting
fiddler crabs (Uca tangeri) and 22% eéting
Rhizophora sp. flowers, fruits, shoots and
young leaves, as well as the pith of young
stilt-roots.

Otherwise, mangrove forests are usually
considered as a marginal habitat for other
primate species. However, these forests may
provide crucial patches of habitat when
their behaviour in the system is optimised
due to the higher profitability of available
resources. In the Neotropical region,
capuchin monkeys (Cebus apella) are
ecologically similar to long-tailed
macaques or vervet monkeys. They also
show an ability to search for unusual food
items in various habitats, including
mangrove forest. In fact, capuchin monkeys
are potential predators in mangrove forest
since they may feed on a variety of
invertebrates including crabs, shipworms,
and oysters. This may be considered an
ecological advantage in colonising
marginal habitat by comparison with other
primate species and an may be an important
factor explaining their broad geographic
distribution (Fernandes, 1991; Fernandes
& Aguiar, 1993). In addition, capuchin
monkeys may have a negative effect on
mangroves due to the way they disperse the
seeds of Phoradendron sp., a parasitic-plant
found in mangrove forests. According to
Terborgh (1983), capuchin monkeys forage
in different habitats and in a destructive

manner. This may reflect a very common
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situation in which foragers adopt a foraging
strategy that depletes the resources of
different patches in a way that leads to the
smallest consequent decline in profitability

of the forest with the time.
DISCUSSION

Mammals, that come from adjacent
areas, exploit mangrove resources both for
long periods and for short visits over an
annual cycle. In addition, many species that
are looking primarily for shelter will also
tend to feed on available food. This feeding
activity might be also considered as being
disadvantageous for mangrove resources.
For example, some ungulate and rodent
species may decrease tree productivity due
to predation of seeds, buds, flowers, and
young leaves (Klimstra & Doodley, 1990;
Smythe, 1983). In addition, specialised
invertebrate predators (e.g. Xeromys
myoides - Magnusson et al., 1976) also may
affect macrofauna population levels,
especially of some crustacean and
gastropod species. An evident example of
predatory behaviour which appears to limit
the macrofauna population in some
mangrove areas is shown by the raccoon
(Procyon cancrivorus) which is a skilful
predator of fiddler crabs (Uca sp.) in the
mangroves in northern Brazil (personal
observation). The fact that mangroves are
not usually the primary habitat for most of
these terrestrial mammals does not mean
that their predatory behaviour may not be
one of the factors limiting mangrove
development. On the other hand, it is




teworthy that mangrove stands may also

efit from an association with vertebrates.
For example, it is well known that high
\lensities of birds on mangroves stands
produce so much guano that mangrove trees
zrow faster there despite daily tidal flushing
(Onuf et al., 1977; Simberloff, 1983). As
important as birds are in this respect,
mammal species also provide examples of
beneficial associations with mangrove trees.
The cave nectar bat (Eonycteris 5pe{aea),
for example, flies long distances to feed on

tlowers of Sonneratia sp. (Berry, 1972), as

a result of which it acts as a critical
pollinator for this particular plant species.
In sum, both advantages and disadvantages
can be found identified for mammals in
becoming associated with mangroves.
However, the overall impact of these
mammals on the flora and macrofauna
productivity in mangrove forests still

remains to be assessed.
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Table 1. Geographic zones used by Saenger et al.,(1983) to describe distribution of

mangrove forests.

Geographic Zones Parts of the World
Asia

Oceania

West coast of the Americas
East Coast of the Americas
West Coast of Africa

East Coast of Africa and the Middle East

=NV B NI S

Table 2. Number of vertebrate species associated with mangrove in each of the six mangrove
regions of the world (after Saenger et al., 1983).

REGIONST

2

TAXONOMIC 1 2 3 4 5 6 TOTAL
GROUP

FISHES 283 156 - 212 . 114 765

AMPHIBIANS 2 2 : 2 “ . 4

REPTILES 22 3 ¥ 3 < 2 28

BIRDS 117 244 - 138 g 2 559

MAMMALS > 45 23 9 14 2 26 119 (111)

TOTAL 529 21 g 371 p) 40 1475 (1467)

i Asia; 2-Oceania; 3-West Coast of the Americas; 4-East Coast of the Americas; 5-West Coast of
Africa; 6-East Coast of Africa and the Middle East.

* The number of fish, amphibian, reptile, and bird species (according to Saenger et al., 1983) were
also included in this table to provide some perspective of the richness of vertebrate species which
have been recorded to mangrove areas throughout the world. However, there is no doubt that many

additional species, for all those groups, remain to be recorded.

3 % : .
“The number in parenthesis means the real number of mammals recorded in mangroves.
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Table 3. Number of species in each order of mammal associated with mangrove throughout

the world, based on available literature (see Appendix 1).

: REGIONST

ORDER 1 y) 3 3 3 6  TOTALZ
Marsupialia - q - - - - 4 4
Insectivora 1 - - - - - 13l
Dermoptera 1 - - - - - (1)
Chiroptera 11 4 . e - 3 15(14)
Scandentia 1 - - - - - 1+{l)
Primates 8 - 2 6 1 2 19 (18)
Xenarthra - - - 1 - - i (1)
Rodentia Z 8 2 3 - - 15 (13)
Cetacea 3 - - - - - 3 (3)
Carnivora 11 - 3 6 - 4 24(21)
Proboscidea - - - - - - 1 1. (1)
Sirenia - - 1 1 - 1 3 )
Perissodactyla 7. - 1 - - 2 3 49
Artiodactyla 5 2 - 2 1 16 26 (26)
TOTALS 45 - 18 9 19 2 26 119 (111)

! 1-Asia; 2-Oceania; 3-West Coast of the Americas; 4-East Coast of the Americas; 5-West Coast of
Africa; 6-East Coast of Africa and the Middle East.

* Numbers in parenthesis mean the real number of mammals recorded in mangroves, according to
the Appendix 1.

Table 4. Proposed categories of residence status for mangrove fauna

e T e e e e e ey

] species which are exclusively dependent on mangrove resources
Permanent Resident throughout their life-span

species which depend on mangrove resources and spend more than a
Long-term Resident complete seasonal cycle within the system

species which depend on mangrove resources in a single well defined
Seasonal Resident season during their life-span

& species which, while not primarily dependent on mangrove resources,
Partial Resident regularly make intentional short movements (days-hours) across the
system

species which are not dependent on mangrove resources in any way,
Sporadic Visitor but which may occasionally benefit from foraging or sheltering within
the system

e e . e e B E P e st
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Figure 1. Diagram showing the residence categories and their relationships with mangrove

and adjacent areas.
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