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WOOD BREAK-DOWN IN MANGROVE ECOSYSTEMS: A
REVIEW

S.M. Cragg'?

ABSTRACT

This paper reviews information from a wide range of sources which relates to the process of wood bre"ak-
down in mangrove ecosystems. A high proportion of the standing biomass in mangrove forests consists
of wood with a life-span and residence-time as fitter much greater than that for Ieaves‘. Mangroves are
subject o attack by terrestrial and marine organisms, but are protected by chemical and physical
mechanisms. The marine organisms which exploit mangrove wood include ascomycete fungi, teredinid
molluscs, isopod crustaceans and possibly bacteria. The input of wood litter in a mature mangrove forest
Is constant though locally patchy. In a forest which is colonising a bare substrate, wood litter input slowly
increases fromzero. In amanaged forest, pulses of wood litter input occur with each thinning but the blek
of wood biomass is removed from the ecosystem. Teredinids process woodonthe forerst fbon oon.VG.ﬂan
ftinto products which can be transported by currents. Nitrogen-fixing cellulolytic bacteria live symbiotically

in teredinids. Some of the nutrients and energy derived from wood are carried offshore by currents and
through food-webs.

Key words: biomass, forest, litter, teredinids, food-web.

INTRODUCTION material readily gathered in collectors placed 1 - 2
ional or

ignifi v S metres above the substratum. In succession :
Significant flows of energy and matter ocour ba- managedforests, thisis fikely to be the main organic

tween rangrove forests and adjacent ecosystems
as a result of water movements, particularly tides,
and of food-webs. The magnitude and direction of
these flows is a matter of controversy and few
efforts have been made to measure them directly.
Thereis probably much variation among mangrove
ecosystems with respect to the characteristics of
theseflows, abetter understandingofwhich isakey -
to improved management praciice in mangrove
~ areas. Aftempts to understand the dynamics of WOOD PRODUCTION
energy and matter flows in mangrove ecosystems .

have tended to focus on that proportion of net To assess the significance of wood in rangrove
productivity channelled into “litter’, namely the ~ecosystems, it is necessary to have estimates of
the proportion of biomass represented by woody

matter input to the ecosystem. In mature forests,
however, the input of woody material is prob.ably
very important. This paper assesses the likely
significance of such longer-lived and refractory
tissues in the dynamics cf mangrove ecosystems
and considers the means by which they are broken

down, .. L L L L

' ‘ index of the rate at which matter
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channelled into woody tissue, the life-span of tree
organs formed of woody tissue (roots, branches,

trunks) and the rate of turn-over of dead woody

tiss»ues.

Woody Biomass

Woody tissues form a high proportion of total bio-
mass in mangrove forests. Suzuki and Tagawa
(1983) found that in a low-canopied mixed stand of
Rhizophora mucronataand Bruguiera gymnorhiza
located near Okinawa, leaves formed only 6% of
the total above-ground biomass. Woody tissues
presumably formed the bulk of the remainder.
Christensen (1978) estimated that in a taller 15-
year-old stand of Rhizophora apiculatain Thailand,
leaves constituted less than 5% of above-ground
biomass and reproductive parts less than 0.2%, the
remaining 95% being woody tissue (trunks 47%,
branches 10%, prop roots 38%). Golley et al.
(1975) found that leaves from a mature stand of
Rhizophora brevistyla in Panama constituted less
than 1.3% of the total above-ground biomass.
Woody tissues were categorized into prop-roots
(42%) and stems (57%). The indication from the
abovemeasurementsisthatthe proportion of woody
fissus within the total biomass increases with in-
creasing tres size. This is supporied by measure-
mentsofbiomass pariitioningin Rhizophora mangle
in & forest in Puerto Rico given by Cintron and
Schaeffer-Novelli (1884). They found that as trunk
dlameter increases from 1.1 cm o 15.4 cm the
proportion of biomass consisting of ieaves and that
consisting of branches decrease (from abowt 16%
to 4%, and from 23% {0 13% respactively), but the
propottions of bicmass in trunks and prop-roots
increase (from about 55% to 63%, and from about
7% to 20% respectively). Thus, in mature man-
grove forests the proportion of biomass in woady
tissue is likely 10 be even higher than #t is in
successional or managed forests,

Measures of partitioning of production into trunks
ard prop-roots have been obtained from an even-

aged, managed mangrove forest(Gong etal. 1984),
but it should be borne in mind thatin such forests
growth rates are probably much greater.thanin a
“steady-state” mature mangrove forest. | know of
no published data on growth rates in unmanaged
mangrove forests, though records of permanent
plots established atthe time of the studies reported
by Watson (1928) have been kept .regularly up. to
the presentday: the evaluation of this data remains
to be undertaken (Ong, J.E., pers, comm.).

Life-spans of Biomass partitions

The partitions of mangrove biomass (i.e. the pro-
portions of biomass represented by leaves,
branches, trunks, prop roots and subterranean
roots) have strikingly different life-spans and. rates
of break-down after death. The lfe-span is the
period during which the biomass is available to
herbivores. Christensen (1978) reportsameanleaf
life-span of 0.7 years in @ managed mangrove
forest in Thailand. No direct measurements of
branch life-spans have been made, but since few

“twigs growinto large branches, twigs probably have

a relatively short life-span, perhaps one to tV_"O
years and, like leaves, are shed throughout the fife
ofthe trae. Branch-shedding mustalso be aregular
occurrence during the life of the tree, particutarly in
the case of species such 23 members of the
Ahizophoraceae, which are self-pruning {i.e. lower
branches naturally drop off in approximately the
order in which they appeared). Branch life-spans
would depend on species. However, it is fikely that
most branches fall within fifteen years of first ap-
pearing. As the tree becomes senescent, branch-
fall may increase in a sporadic fashion up to and
after death.

The life-span of the trunk is generally that of the
tree: unfortunately refiable data oft ife-spans of
mangrowve trees are not available. In Papua N.ew
Guinea, specimens of Rhizophora of Bruguiera
exceeding 30 min heightand 50cm indiameter are
quite common in sites where conditions favour
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mangrove growth (Percival and Womersley 1975;
Floyd 1977). Suchtrees frequently show signs of
senescence. In comparison with the size of man-
groves inmanagedforests which have grownunder
conditions conducive to rapid growth for up to 30
years, it is likely that these mature or over-mature
mangrove trees are over seventy and may even

exceed one hundred years in age (Ong, J.E., pers,
comm.).

Root life-spans are also likely to be at least partially
a function of diameter. It is unlikely that fine hair-
roots are long-lived. Thus, asthey appearto repre-
senta substantial but difficult-to-quantify proportion
of biomass (Golley et al. 1975) it is likely that they
represent a significant proportion of primary pro-
duction. Prop-roots like branches, though longer-
lived, are probably shed throughout the life of a
mangrovetree. Observations at Bootiess Inlet near

Motupore Island, Papua New Guinea Island, Papua

New Guinea indicated that a proportion of prop-

roots ina healthy forest get damaged or infected so

thatthey eventually become detached formthe tree
-(Cragg and Swift unpub.).

Thereare extensive data available on litter-fail rates
which give a good indication of the rate of turnover
of leaves, twigs and reproductive parts (see for
example Duke ef al. 1081: Gong 1984). However,
litter-traps do not collect ionger branches efficiently
andthey are unable to catch falling trunks. Further-
more they are situated above the height of prop-
roots so they do not measure turnover of this very
significant biomass partition.

Litter Breal--Down Rates

Studies of leaf-litter decompositicn are reviewedby

Polunin (1986). Root-litter break-down has been
investigated by Van der Valk and Attiwill (1984), but
the break-down of woody tissues has received little
attention until the study of Robertson and Daniel
(1989). Certain mangrove management practices
rely on' the biodegradation of branches and roots

left behind after harvesting. Casual observation
suggests that the break-down rate for main stems
may be quite slow. For example, in late 1974 a road
was built to the Kaut timber concession in New
Ireland, Papua New Guinea which traversed an
area of mature mangrove forest. The trees felled
during road construction were left in an area sub-
jected to daily tides unimpeded by the road. Obser- ’
vations in late 1985 showed that though the tree
stems were extensively decayed by basidiomyce-
tes, they were still intact. By measuring standing
stocks of dead wood and rates of break-down of
logs of known ages of upto 15yearsold, Robertson
and Daniel (1989) estimated that the rate of flux for
wood detritus was 4 gC.m2.y"' inayoung mangrove
forest and 44g C.m2y" in a mature mangrove
forest in tropical Australia. More such systematic
measurements of wood break-down rates in a
range of mangrove environments are required be-
fore the significance of energy flow through the
biomass compartments represented by woody tis-
sues can be properly understood.

ECOLOGICAL CONSEQUENCES OF
WOODY TISSUE CHARACTERISTICS

Owing to the limitations on the distribution of wood-
consuming organisms imposed by tidal inundation, ,
the spatial distribution of woody tissues is of eco-
logical significance (Rimmer ot al. 1983). This is
particularly so in the genus Rhizophora wiih its
elaborate rootarchitecture, whichhasbeenanalysed
by Sato (1978). The tree consists of a range of
aerial, intertidal and sublerranean niches for wood-

M [ Hy.
. dependant .organisms.. Furthermore the spatial

distribution of tissues wihin a given imb may also
affect susceptibility to bio-degradation. Young
Rhizophora prop-roots consist of spongy tissues
within whichis embeddedacylinder of woody tissue
(Gill and Tomlinson 1971). Teredinid borers are
restricted to the woody tissue while the crustacean
Sphaeroma frequently occurs in the spongy tissue
(unpub. obs.). Rhizophora responds to animal or
fungal damage to its prop-roots by branching in the
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damaged area (Kohimeyer 1969; Ribi 1981, 1 982),

The differentation of woody tissues into bark, sap-

+ wood. and. heartwood .is. also of ecological signifi-

_cance. Thebarkof certain mangroves contains high
levels of polyphenolics: up to 40% of the dry weight
in Rhizophora mucronata bark consists of
polyphenolics (Hills 1985). Tannin levels can be
sufficient for commercial exploitation (Percival and
Womersley 1975). The sapwood of many trees
contains starch, which can be exploited by certain
beetle larvae. The sapwoods of the mangrove
genera Avicennia, Exceocaria and Sonneratia are
rated as susceptible to the starch-dependent
beetles of the family Lyctidae, while those of
Bruguiera, Rhizophora and Xylocarpus are rated
non-susceptible (Eddowes 1978).

Wood consists principally of three classes of or-

ganic chemicals:- celluloses, hemicelluloses and

lignins. Few organisms apart from white rot basid-
iomycete fungi are capable of breaking down the
lignins, whereas the celluloses and hemicelluloses
can be broken downto simple sugars by organisms
posses;ingthe r_eq_uisit_e combination of enzymes.
Though energy-rich, these molecules are réiatiVeiy
refractory and only certain groups of organisms are
capable of utiiising them,

Seme organisms can altack five trees. These
organisms include a range of marine animals and
basidiomycete fungi, and beetles and termites
which occur aiso in dry land forests. The isopod
crustacean Sphaeroma (Rehm and Humm 1 873;
Simberloff etal. 1978; Ribi 1981, 1982), the pholad
bivalve Marfesia (Dharmaraj and Nair 1981 ) and
the teredinid bivalve Bactronophorus (Roonwal
1954) have all been reported to be capable of
burrowing into live trees. Sphaeroma snd
Bactronophorus also occur in live mangroves in
Papua New Guinea (unpub. obs.). Attack by ma-
rine animals may be sufficiently severe to affect ihe
survival ofthe trees attacked (Roonwal 1954; Rehm
and Humm 1973). However, if attack on live
Mmangroves were as severe as that on dead man-

grove wood in the intertidal zone, the mangrove
forest could not exist, because most trees would be

* felled by borer activity before they reached maturity. -

Whereas animals respond to disease and injury by
healing, trees compartmentalisedamaged portions,
isolating them from sound wood (Shigo 1985).
Apparently mangrove trees have some form of
defence against marine borers, which is lost after
death. The water soluble polyphenolics found in
high concentrations in the bark may provide this
defence. ltis likely thatthey continue to be secreted
and leached into the water while the treeis alive, but
secretion ceases at death. Mangroves such as
Xylocarmpus, Rhizophora, Sonneratiaand Bruguiera
have heartwood rated as durable or moderately
durable, that is to say they have some natural
resistance to basidiomycete and termite degrada-

tion owing to extractives in the heartwood. '
Excoecaria and Avicennia have non-durable hear-
wood (Eddowes 1978). No clear data are available
regarding the ecological influence of these varia-
tions in natural durability. The degree of durability

~ mayaffect notonly the ability of the tree towithstand

disease and insect attack, butalsothe rateof break-
down and decay once the tree falis to the forest
flcor. Ritchie (1968) found that the heartwood of
Rhizophora mangle is naturally resistant to marine
fungi.

WOOD-DEPENDENT BIOTA

The wood-dependent biota of mangrove forests
can be categorized into terrestrial and marine
groups. The domains of activity of these groups
have a boundary at about the high-tide mark, with

'some overlap. The terrestrial biota closely re-

sembles that of adjacent non-tidai forests, with
basidiomycete fungi, adult and larval beetles, sub-
terranean and drywood termites predominating.
The ecology of these organisms and their impor-
tance in wood breakdown is well documented (see
Swift etal. 1979) but nodetailed studies specifically
relating to their role in mangrove ecosystems have
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beencarriedout Itis noteworthy that subterranean
termites are aclive in areas subjected to regular
tidal inundation. They build their earth runways
extending fromthe forest fioor up into the tree inthe
usual fashion (Cragg 1983) despite the tides.

Kohlmeyer (1969) reviewed the limited records of
distribution of fungiin mangrove forests. Above the
high-tide line, wood is colonised by basidiomycetes
whereas in the intertidal zone, ascomycetes and
deuteromycetes occur. This distribution pattern
has also been observed in Papua New Guinea
(Cragg and Swift, unpub.). Further information
regarding the distribution of fungi in mangrove
forests is provided by Hughes (1975). Leightley
(1980) investigated the wood-decaying capacity of
marine fungi occurring in mangrove forests.

The significance of bacteria in wood break-down
should not be overlooked. Buckley and Triska
(1978) found that nitrogen-fixing bacteria partici-
pate in wood decomposition in freshwater streams
in the United States of America. No comparable
study has been conducted on mangrove wood, but
bacteria have been found forming tunnels in wood
from marine pilings in Papua New Guinea. This
bacterial activity may prepare the wood for

colonisation by marine wood-borers (Cragg and
Nilsson, unpub. ohs).

Rather more is known about the ecology of marine
wood-borers than of other wood-degrading organ-
isms found in mangroves. This is perhaps a reflec-
tion of the economic significance of the damage

. caused by these organiems to man-made strus- -

tures. The isopod Limnoria is a major pest in
maritime pilings, but is not particularly important in
- mangrove areas. In addition to occuring at port
sites around Papua New Guinea, it has been ob-
served colonising Sonneratia pneumatophoresina
small stand of mangroves at Motupore Island near
Port Moresby, Papua New Guinea. However, ex-
tensive collection in major mangrove areas in the
country have failed to locate any Limnoria. It

appears thatin PapuaNew Guinea Limnoria favours
sites with marine salinities (Craggand Aruga 1987).
A variety of other isopods are found inhabiting
burrows in mangrove wood. Whether these ani-
mals simply excavate their burrows, or consume
the wood excavated remains to be established
(Bowman 1977; Jones et al. 1983).

The most significant wood inhabiting isopod in
mangrove forests is Sphaeroma. This anir.nal is
mainly found in prop roots of Rhizophora, but it also
burrows into detached dead wood and can tolerate
extremely low salinities (Cragg and Aruga 1987). It
burrows at right angles to the surface of the wood
and there is still doubt as to whether it digests the
wood removed (John 1968). The most detailed
account of the ecology of this animal is provided by
Estavez and Simon (1975). There has been con-
siderable unresolved debate as to whether the
burrowing activity of this animal is beneficial for
(encouraging extra branching, increasing stability)
or detrimental to (causing structural weakening),
the mangrove trees in Florida (Rehm and Humm
1973: Simberioff et al. 1978; Ribi 1981, 1982).

Little is known about the feeding of the species of
Sphaeroma which inhabit mangroves. Rotramel
(1975) described how a non-mangrove sp?mes,

Sphaerorna quoyanum, uses feather-like hairs on

its walking legs as a filtering net. Cragg and Icely

(1982) foundthat S. terebrans has similar hairs, bgt

that S. triste does not. Both these species occurin

mangroves in the vicinity of Port Moresby. These

awthors were unable o identify gut contents, but

suggesting that feedingis intermittent. John (1968)

reports that an extract from the hepatopancreas of

S. terebrans is capable of converiing chemically-
prepared cellulose into glucose, but cellulose in

wood is less liable to enzyme conversion than

artificial cellulose substrates (Dean 1976).

in terms of their importance in breaking dovyn dead
wood, teredinids are by far the most significant
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marine wood-borers in mangrove swamps. These
highly modified bivalves with worm-like bodies ex-

.cavate cylindrical burrows which may extend into

the centre of large tree stems, but generally run
parallelto the axis of the branch stemorroot. There
are nearly forty species of teredinids in Papua New
Guinea (Rayner 1983). These vary considerably in
their salinity-tolerance range. Some species are
commonly associated with mangrove ecosystems
and two species (Bactronophorus thoracites and
Dicyathifer manni) are virtually restricted to man-
grovewood (Rayner 1983). Craggand Aruga (1987)
found that the teredinid fauna of the mangroves of
the Gulf of Papua is very distinct from that in wood
washed offshore from this mangrove ecosystem.

Teredinids consume the wood they excavate and
digest it. The mechanism of digestion has been
studied in detail (Dean 1978; Morton 1978). Recent
studies have shown that nitrogen fixing symbiotic
bacteria are implicated in the digestion process
(Waterbury etal. 1983). Teredinidsare alsoableto
filter-feed on phytoplankton (Pechenik et al. 1979).
Diﬁe.'_ences in gut structure appear to reflect the
relative importance of phytoplankton and wocd in
the dist of different shipworm species. The “man-
grove specialist” Bactronophorus apparentiy
emphasiesfilter{eeding (Tumer 1888). ltis gener-
ally assumed that teredinids filter phytoplankton.
However, other particulate food sources may be
avaiiable to teredinids in mangrove ecosystems
including bacteriainhabiling clay particla flocs which
tend to form in ropical estuaring areas (Pastl and
Kellar 1880) or particulate organic matter,

Wocod-beoring members of the Pholadidae also bur-

row into’ woody liter in mangrove forests. Thay

have been chserved in this niche in, for exampie,
the mangrove forests of eastern India (Turner and
Santhakumaran 1989), of the Gulf of Papua (Cragg
and Aruga 1987 and of Singapore (Cragg and

- Murphy, unpub.). These bivalves are rarely as

imporiant as teredinids in the breakdown of man-
grove wocd.

LIFE, DEATH AND BREAK-DOWN OF
MANGROVE TREES

The Fate of the Individual Tree

During its life, a tree is subject to herbivory which
includes not only the consumption of five leaves, but
also other plant tissues including live wood. Live
tree tissue is also catabolized by certain fungi. ltis
likely that only a small proportion of the woody
biomass is utilised in this fashion, the majority
enteringdecomposer-dominatedfood—webs. Regu-
lartwig and branch-fall will enterthe pool of material
available to the decomposer community on the
forest floor. With senescence and death, fungal
and borer activity increases sharply, tree limbs are
shed at an accelerated rate, and eventually the
main stem falls. Further break-down occurs onthe
forest floor.

Teredinids are the principal agents of wood break-.
down on the forest floor. They riddle fallen wood
until over 50% of the original volume (Cragg and
Swiitunpub.) has beenconsumed and metabolised.

_This vastly increases the surface area available for .

fungal and bacterial degradation and mechanically
weakens the wood, eventually leading 10 its frag-
mentation into smaller pieces.

The end resutt of the activities of the rarine decom-
poser communily is the conversion of a large and
(particularly in the cass of a main siem) relalively
immobile structure inte a range of products which
canbereadilytransporied by wale revrrents. These
products include pariculate and dissolved organic
matter, the planktonic larvae of teredinids, and
teredinid faeces.

Wood Break-down in Different Forest Types

In a rature mangrove forest unaffected by hurnan
activity, if a sufficiently large areas is taken into
consideration, a steady state with respectto wood
input and breakdown is likely to exist. The distribu-
tion of wood detritus is very patchy, with high
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concentrations where a large tree has recently
fallen. In a recently established forest there is
initially no wood litter input at all. As the colonising
trees grow older, woodlitterbuilds upduetobranch-
fall and eventually stemn.-fall. The situation in a
managed forest is that there are pulses of branch
and root wood input after thinning and final felling,
but main stems are removed from the ecosystem.

Sources and Output of Wood

The mangrove ecosystem receives a variety of
inputs of wood. In Papua New Guinea, substantial
quantities of wood are transported by rivers into
mangrove swamps from the forests inland (Cragg
1983). This input will be particularly high intimes of
flood. The input of wood from the mangrove forest
itself may be dramatically increased by natural
disasters of the type detajled by Johns (1986) such
as cyclones, lightning, tidal waves or erosion. A

small input of drift-wood may occur in mangrove
areas subject to strong tidal currents.

The wood input to mangrove ecosystems is either
consumed by the decomposer community and
converted into transportable products as already
described, or is Physically removed. Some wood
may become buried due to the very dynamic depo-
sition/erosion regime found in many mangrove
areas. Any wood of g size, shape and density
suitable for water transport may be exported due to

the residual seawarg component of the cumrent
regime.

NUTRIENT AND ENERGY FLUXE

Because of the paucity of experimental data i is

‘only possible to discuss fluxes of nutrients and

energy associated with wood break-down in very
general terms.

Theinitial energy resource, the wood partition of the
tree biomass, has been measured in a range of
mangrove ecosystems (see for example Golley et

al. 1975; Christensen 1978; Suzuki and Tagawa
1983; Cintron and Schaeffer-Novelli 1984). No
estimates of the proportion of this biomass which is
consumed before the tree dies are available. The
standing stock of wood litter has been estimated
from one site in Papua New Guinea (Cragg and
Swift unpub.) andfromsitesin Australia (Robertson
& Daniel 1989), but casual observations show that

the stock varies considerably between different -

mangrove sites.

The flow of wood-derived energy through the man-
grove related food-webs has notyet been mapped.
Observations in a Rhizophora-dominated forest in
Papua New Guinea suggest that at least 50% of
wood litter biomass is converted by teredinids
(Cragg & Swift unpub.). The products of this
conversion would be teredinid tissue, planktonic
larvae, excretory products and perhaps dissolved
organic matter. Owingto the protection afforded by
their burrows it is unlikely that teredinids are subject
to severe predation. Thus, teredinid tissue will be
mainly converted by the decomposer community in
situ. Their larvae, on the other hand will be broad-
cast by water currents, as will excretory products
and dissolved organic matter.

Wood which is carried out to sea becomes water

logged and eventually sinks. Even ifit sinksindeep

water, it will become colonised by marine borers.
Turner (1977) has described how wood “islands” in
the deep-sea can support communities of animals
in areas otherwise virtually devoid of animal life.
Cragg and Aruga (1987) investigated wood col-
off-shore of the mangroves of the Gulf of Papua and
found that this wood (some of which originated
inland of the mangrove forest) supported anumber
of species of teredinids.

As a nutrient resource, wood litter tends to be less
rich than leaf litter. Aksornkoae and Khemnark
(1984) found that in the main stems of a number of
mangrove species, the concentration of nitrogen
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was generally one half to one quarter of that of
lsaves, and that of phosphorus approximately half
that of leaves. During the wood break-down pro-
cess, the nutrient status of the wood may change.
Nitrogen fixation occurs due to the symbiotic bacte-
ria of teredinids (Waterbury et al. 1983). Calciumis
extracted from the seawater and deposited to line
the burrows, or form the shells of the teredinids.
Additional nitrogen and other nutrients are taken by
filter-feeding teredinids from the seawater in the
form of phytoplankton or other particulate food.
Nitrogen is lost as a result of excretion. Nutrient
translocation is also likely to occur as a result of the
microbial break-down of wood.

AREAS FOR FUTURE
INVESTIGATION

The role of wood break-down in mangrove ecosys-
terns is important, but is very poorly understood. It
is not yet possible to determine the relative impor-
tance of leaf and wood litter in mangrove ecosys-
tems. Further estimates of wood litter standing
stocks, wood export rates, wood break-downrates
and associated nutrient fiuxes are needed. Food:
wabs associated with wood break-down also re-
guire detailed investigation.  Attention should be
given to the wide range of animals including fish,
crabs, polychastes and nemertings which vtilize
burrowed wood as sheller, Theimpontance of wood
is not just of academiic interest. Itis also of concern
o those who manage mangrove forests, who nesd
o be abla o forecast the impact of the removai of
the bulk of woody biomass on the rest of the
ecosysiem.
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