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The Global Conservation Status

of Mangroves

Despite considerable focus on mangroves in the scientific
literature, an apparent universal appreciation for their
biological and economic values, and the enactment of
protective legislation, these tropical coastal forests continue
to disappear globally, as a direct result of human activity.
We report and rank current, primary conservation issues
threatening mangrove forests at 38 sites in 16 nations and
island states, based on discussions with local professional
land managers, university scientists, villagers and village
leaders, and regional government officials. While adequate
relevant data to inform conservation efforts already exist
in the scientific literature, this information must be
disseminated more widely in a form that local nonscientists
can use. Stand-structure data, analyses of rates and
causes of deforestation, techniques for reforestation, and
socioeconomic evaluations of benefits and costs to local
communities of mangrove conservation must be developed
and shared. Communication among biologists and lay
people within and among regions should be enhanced,
collaborations among social scientists and biologists must
be fostered, and government support for conservation and
restoration must be strengthened if mangrove ecosystems
are to be sustained.

INTRODUCTION

Mangrove forests comprise up to 50 species of woody halophytes
restricted to sheltered saline tidal areas (1), and once occupied
= 75% of tropical coasts and inlets (2). Despite centuries of bio-
logical research on mangrove structure, productivity, and eco-
system dynamics (3), and

these studies are limited in distribution and are little known or
used by local land managers or regional policy-makers. Through-
out the world, complex biotic impacts on mangrove plant growth,
forest structure, and ecosystem productivity have been docu-
mented exhaustively or demonstrated experimentally for: nutri-
ents and sewage (11-14); petroleum, mine tailings, and other pol-
lutants (15-19); agricultural herbicides and wartime defoliants
(20, 21); rotational clearcut forestry (22); urbanization, popula-
tion growth and reclamation (23-26); impoundment, road con-
struction, water diversion and watertable changes (27-30); and
aquaculture and salt-pond construction (31-34). While certain
mangrove types, such as overwash island and scrub mangroves
(35) may be particularly sensitive to, and slow to recover from
perturbations (36, 37), these data overwhelmingly indicate that
forest recovery is universally slow in all swamp types follow-
ing high induced mortality if regeneration proceeds unassisted.
Upland activities and pollutants exert substantial effects on pro-
ductivity of mangrove downstream, and species richness of
nearshore seagrass beds and coral reefs may decline when man-
groves are destroyed.

The mere existence of these compelling empirical data is in-
sufficient to guarantee effective global stewardship or restora-
tion of mangrove forests. Data and expertise must be promul-
gated broadly among residents and managers of mangrove ar-
eas, in a practical format conducive to local applications and de-
cision-making. This top-down approach to data distribution must
be accompanied by grassroots cooperative and restorative activi-
ties among local governments and communities that limit man-
grove deforestation.

Our primary objective here is to analyze what data are still
needed to characterize, monitor, and protect these forests, and

a broad recognition by
scientists, governments,
and local populations of
biotic and socioeconomic

Table 1. Biogeographic distribution of principal mangrove species encountered in the survey.

Country or Region®

SeWiFeS mangrove forests Species® Bel Ecu Ven USA Micro Palau Fiji Tonga Van Aust Mal India Mad SAfr
provide to humans (4, 5),

: Ac
anthropog;mc pressures Ar X
are reducing the global Ag X X X

Am X X X
range of mangrove for- Ao X X
ests. While accurate esti- Bg X X X X X
Bp X X
mates of global deforesta- Bs
i Ce X X X
tion rates of mangroves & X X X X X
are as yet unavailable, its Ea X X
well-known environmen- H“’ X X X
tal and socioeconomic im- r;f
pacts are observed and in- Ra x X X X X
reasi i RI X
creasingly documgnted in Rl X x M x
coastal communities that Rmu X X X X X X X
i - Rsa X X
depend dlrectly on man Aot X ¥ X
groves, and in upland Sa X X X X X
communities with eco- )S(; X X X
nomic links to the coast. Xm X X
Anthropogenic  pres-

sures on mangroves have
been summarized exten-
sively in the last decade in
peer-reviewed  journals
and United Nations re-
ports (4, 6-10). However,

rhizophoreae; Ra = Rhizophora apiculata; Rl =
Xylocarpus mekongensis

neotropical countries.

“Key o mangrove species abbreviations: Ac = Aegiceras corniculaturm; Acr = Acrostichum aureum; Ag = Avicennia germmans, Am = Avicennia
marina; Ao = Avicennia officinalis; Bg = Bruguiera gymnorrhiza, Bp = Bruguiera parviflora; Bs = Bruguiera Jia, Ce = Conc
Ct = Ceriops tagal; Ea = Fxoecaria agaliocha; L.mr = Lumnitzera racemosa; Lr = Laguncularia racemosa; Nf = Nypa fruticans; Pr = Pelliciera
Rhizophora x lamarckii;, Rma = Rhizophora mangle; Rmu = Rhizophora mucronata; Rsa =
Rhizophora samoensis; Rst = Rhizophora stylosa; Sa = Sonneratia alba; Sc = Sonneratia caseolaris; Xg = Xylocarpus granatum; Xm =

Country abbreviations are listed in order of their enumeration in Tables 2-5, with the exception of Belize (Bel), which is shown with other

erectus;
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Failling mangrowe logs for charcosl produclicn, perinsular Maloysis.
Phaio: EJ. Farnswarih.

o arsculsie current hindrances 10 therr conservation. We dis-
cuss primary conservation threats to 38 mangrove forests in 16
countries and island staces thar we visived during 195941995,
This information was nmassed through site visits and exiensive
discussions with local scientizts. managers, lay poople, and pov-
emmament representatives. As field kiologists, we are mosl com-
petent to discuss ecolopgical impacts of anthropogenic siresses
on mangrove forests, However, we stress that the severity of
these inpacts, and the prognesis for conservation, Testoration,
ar manngemeant tlldl:‘:jll:ldl,‘::lm.‘lngl‘l'ﬂ.‘t‘: forests d.ﬂ]‘.!f'ﬂd inlﬂp‘.al'l'_..'
o three oher factors: i) sockoeconomic stamns of associaied oom-
maumihies; i) local amd global demamds for mangrove products;
and ili} accurate evaluation of the efficacy of existing mangrove
management and comservation prigrams (4, 3=, 149, We, there-
oz, urge blobegists and social scientists 1o collaborate in inter-
disciplinury analvses of mangrove degradation (£00),

SURVEY METHODS

Between October 1994 and March 1995, we surveyed 38 coastal,
pland, and cstuarine mangrove stands i 16 sadons and sland
states throughout the neo- and palestropics. Thess visits consti-
rwted par of an expedition characierizing global bogespraphy
of animal-plant inferactions in mangroves, and sites were cho-
sen for accesaibility by fool of boat, and for known inverizbrale

species nochness. The soles we visied are a diverse subsel of man-
grove forest pypes found throughout the waorld. Site physiogpra-
pley was calegormeed acoonding 10 Lupo's classificatson sysiem
(363 many sites contained more than one physiographic type.
Because we locused on mangroves wilth cormespondingly high
diversity of associated fauna, we visited mone fringing mangrowe
wetlands (78 of 38 snes) than rverine {13 sies), baso (11 s31es),
or serub (5 sitesh stunds. Carbonate-based overwash islands were
particularly frequent mthe Canbbean aml Pacilic (8 sies) We
did mot wisit any hammock forests. Cur potential sample bias -
witrd aceessible, and thus well-eaploned areas, may be offset by
our bias toward relatively "pristine’ sites known for high inver-
tebrate species nchress. Mangrowve species richness increases
from enst to west globally (1), peaking in the Indo-Pacific re-
glon; the numbers of mangrove species encountered in our sur-
vey reflect this biogsopraphic pattemn (Tahkle 13,

We discussed at lengeh, species compositaon, forest siruciure,
prosfuctivity, principle conservation issues, perceived healih or
decline, and recent demopraphic shifts in canopy dominams of
mangrove forests with local scientists, siudenis, residents, vil-
lage landowmers, and govemmenl workers who hostsd and ac
companked us on site visits, Our objective was to compibs suffi-
ciem standardized information o document major anthropogens:
impacis impinging on these forests, While the format of our ex-
peditbon did nol pernil us o condiel a survey wang standand
ized instruments such as questionnaires or recorded interviews,
clear commonalitics emerged 1o our conversations with diverse
constiteencies. The types of data we collected are relatively sim-
ple to gather consistenly and rapidly durng site visis, can be
stundurdized and shared widely. and con form the Foundation for
comparaiive databases,

RESULTS

Corservalion izvues: Several broad conservation problems wens
repeatedly identified throughout the world (Tables 2-55 Their
ranked freguency of oceurrence generally was not comelated with
the perceived sipnificance of their impact (Tahle 6). The primary
exception was clearcurting and reclamation, wldich was the most
comman nctivity we witnessad and the maost seriows threat per-
cedved by bocal constinencies. Clearcaiing &g reclamation of
severnl hectares to many km'® for agriculture and aquaculture (6
gitea}, uiban cRpanseen (3 Eles), amid Fesor duvu’luplllhl.l [ Edd
sites] threntened the majority (35%) of all sites visited, Within
I90d, praor 1o our visin several north and south Pacific slands

liwded ins chranalagical ander & site visita,

Tabie 2. Survey findings on the regensration and conservation stsbes of mangroves from § sies in Centrnl and South Amerios,
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Table 3. Survey findings on the regeneration and conservation status of mangroves from 15 sites in the North and South Pacific Islands, listed
in chronological order of site visits. Superscripts and symbols as in Table 2.
Country Location Coordinate® Xypeg Principle conservation issues®
rea
USA Oahu, 22°N a,b Rhizophora is an introduced species; oil poliution; sewage.
Pearl Harbor 158°W 2
Qahu, 21° 30'N a,b Boat traffic; clearing for tourism.
Kaneohe Fishpond 157° 47W 2
Micronesia  Kosrae, 5° 17N be Road construction; damming and water diversion; sewage; boat traffic. (*)
Walung 162° 54'E 2
Pohnpei, 6° 48'N b Road construction; boat traffic; commercial fishing; artesanal timbering; solid waste. (*)
Southwest of Kolonia 158° 11’E 2
Pohnpei, 6° 50'N a Agricultural conversion and runoff; boat traffic; village timber use.
Temwen Island 158° 18'E 1
Yap, 9° 33N b Storms; road construction; sewage; timber use in construction. ()
Gurong 138° 06'E 2
Yap, Colonia 9° 34N b.e Storms; sewage; road construction; boat traffic; agricultural conversion/runoft. (*)
Channel 138° 09'E 3
Palau Koror 7° 21N ab Boat traffic; sewage; garbage dumping. (*)
134° 29°E 1
Rock Islands, 7° 09N b Tourist traffic. P
Jellyfish Lake 134° 22°E 1
Fiji Nadi 17°41'S b,e,f Agricultural conversion and runoff; sewage; garbage dumping.
177° 34’E 1
Ba river deita 17° 30’SE g,f Agricultural conversion and runoff; sewage; garbage dumping, tourist traffic.
168° 20
Tonga Faloha, 21°10'N b Agricuitural conversion and runoff; sewage. (*)
Tongatapu 175° 11'E 2
Vanuatu Port Vila 17° 41'S b Cyclones; tourism development.
168° 20'E 2
Lakatoro, 16° 06'S b Commercial fishing dredging; agricultural conversion; artesanal harvesting.
Malekula 167° 25'E 2
Litslits, 16° 06'S b Commercial fishing dredging; agricultural conversion; artesanal harvesting.
Malekula 167° 26'E 3

(5 sites) had been approached by foreign interests with offers to
clearcut mangroves to produce wood chips for industrial manu-
facture of rayon. At several sites, international ventures were
supported by local government incentives promoting mangrove
conversion (Ecuador, Belize, Malaysia). These interests were
described as overriding recommendations of local biologists and
the stated policies of village land-managers. The unregulated
clearcutting we witnessed entailed removal of all trees (& stumps)
without subsequent seedling replanting. Compaction and
hypersalinization of soil, and diversion of freshwater were ob-
served side-effects of clearcutting.

At smaller areal scales (0.1-10 ha), we observed harvests of
individual mangrove stems for fuelwood, poles, and artesanal
materials at 13 sites, four of which were parks where such har-
vests are nominally prohibited (Tables 2-5). At these 13 sites,
low-intensity harvesting exceeded re-sprouting rates, and many
mangroves are physiologically unable to coppice (1). Because
young stems were taken preferentially, reproductive potential of
standing trees was projected to be limited, and concomitant seed-
ling regeneration was sparse. Understory seedling density, an
indicator of natural regeneration capacity, was < 1 m™ at 10 sites
(Table 6).

Non-point source impacts, including sewage, agricultural run-
off, industrial and oil pollution, affected 25 (66%) sites (Tables
2-5), but ranked low in perceived significance because it was
difficult to gauge scale and severity of damage directly attribut-
able to them (Table 6). Dumping of garbage and solid waste into
mangroves was particularly visible in South America (Table 2)
and the Pacific Islands (Table 3), but was regarded more as an
eyesore by residents and visitors than as a threat to mangroves.
Nonanthropogenic disturbances, including seasonal cyclonic

330

© Royal Swedish Academy of Sciences 1997

storms and regionally changing tidal and hydrologic regimes,
were sporadic agents of long-term, landscape-level changes pri-
marily in the Pacific islands (Table 3) and the Indian Sundarbans
(Tabie 4).

Seventeen (44%) sites were identified by local biologists as
having declined significantly within the past decade, in terms
of areal shrinkage or increased mortality and morbidity of trees
(Tables 2-5). In 10 sites, local fishermen and aquaculturalists
articulated mangrove degradation in terms of observed declines
in marine productivity. In 5 areas in the Pacific islands, man-
grove decline was attributed to sudden alterations in hydrology
where road or bund construction had diverted freshwater stream
flow away from mangrove swamps (Table 3). Pollution, in-
creased sewage input, and uncontrolled logging were blamed for
decline in the other cases. In 6 areas, local biologists explicitly
predicted that the current mangrove community would com-
pletely disappear (through die-back or conversion) within the
coming decade if present trends were not reversed. Only in 4
mangrove areas, which were being developed for ecotourism and
education, did local biologists note an improvement in mangrove
survivorship. No mangrove areas were described as actively ex-
panding.

Local attitudes toward mangroves: Village leaders, profes-
sional naturalists and land managers, local biologists, fishermen,
and regional government officers—all with a range of educa-
tional training, expertise, and incentives—evinced broad com-
prehension of mangrove values. Without prompting by us, they
articulated empirical and intuitive links between mangroves and
harvestable marine products, and between mangroves and adja-
cent seagrass beds and coral reefs. The most significant man-
grove functions for human welfare were identified and ranked

Ambio Vol. 26 No. 6, Sept. 1997



as: i) habitat for juvenile phases of commercially important fish,
prawns, gastropods and bivalves; ii) protection of coasts from
erosion and storm surges; iii) production of polewood, timber,
thatch, carving wood, fuelwood and charcoal; iv) extraction of
tannins, cellulose and other chemicals for manufacturing; and
v) provision of livestock fodder, food and medicinals. Two ex-
ceptions in attitudes were noted among shrimp-farm owners in
Ecuador and India, who viewed mangroves as physical impedi-
ments to aquaculture development. These individuals did not rec-
ognize either benefits of maintaining mangrove plantings or buff-
ers around shrimp ponds, or the demonstrated role of mangroves
as habitat for juvenile prawns (6, 41, 42).

DISCUSSION

Three factors affect how mangroves respond to anthropogenic
disturbance: 1) the extent, intensity, and duration of perturbation;
ii) availability of regenerants (natural or hand-planted seedlings
banks); and iii) rate of seedling reestablishment and canopy clo-

sure. The scale of damage and potential for recovery also de-
pend critically on the identities, motivations, and activities of
responsible agents (40). Before economic alternatives to man-
grove conversion can be developed and promulgated, the mul-
tiple interacting local, international, and industrial cadres respon-
sible for these activities must be specified.

We observed direct conservation threats to mangroves on
scales ranging from m’ to km®, with large-scale deforestation
from ha to km” being the most widespread (Table 6). Mangrove
deforestation has been discussed widely in international publi-
cations (4-6), but the direct and indirect roles of industries, gov-
ernments and tourism operations in encouraging this deforesta-
tion has received less attention than the activities of local vil-
lagers contributing to mangrove decline. While economic and
demographic imperatives motivate small-scale clearcutting of
mangroves by local residents, government incentives support in-
ternational ventures promoting large-scale deforestation and con-
version. These indirect agents encourage mangrove loss by: i)
under-valuing or distorting economic values of intact mangrove

Table 4. Survey findings on the regeneration and conservation status of mangroves from 14 sites in Australia, Asia and India, listed
in chronological order of site visits. Superscripts and symbols as in Table 2.

Country Location Coordinate® Xypeg Principle conservation issues®
rea
Australia Townsville 19°12'S c, f Hypersalinity; water diversion; storms; sewage. P
Environmental Park 146° 44'E 2
Lucinda, 18°31'S e,f Road construction; agricultural conversion and runoff; tourism development.
Gentle Annie Creek 46° 19'E 3
Lucinda, 18°32'S e, f Road construction; agricultural conversion and runoff; tourism development.
Dungeness Creek 146° 19°E 2
AIMS mangal 19°17'S b Storms; drought; shifting hydrology. P
147° 02'E 3
AIMS beach 19°16'S b Storms; drought; sewage; boat traffic.
147° 02’E 1
Magpnetic Island 19°10'S b, f Storms; tourism development; road construction; water diversion. P
146° 49°E 2
Malaysia Sungei Sementa 3°04'N e Poaching wood for poles, fuelwood, city development (*)
Kecil, Selangor 101° 22’E 3
Matang 4° 50'N b, e, f Edge erosion, solid and sewage waste; trampling;
100° 37E 3 Achrostichum fern invasion.
Sarawak - 1°42'N ab Edge erosion, over-fishing; coastal development. (*) P
Bako National Park 110° 26'E 3
Terengganu - 5° 40N e Road-building; resort development; industrial and oil poliution. (*)
Marang 103° 20°E 3
Sibu Island gg 1 3‘(;\1 £ a,b,f  Cutting for fuelwood; resort development; clearing for livestock and coconut.
o4
india Andamans - 11° 30N b Protected; boat traffic; poaching for fuelwood.
Jolly Buoy Island 92°37E 1
Andamans - 22° 07N b Clearing for village expansion, livestock, timber, fuelwood; sewage. (*)
Wandoor Village 88° 49°E 1
Sundarbans Reserve  22° 07’:\51 b, e, f Village expansion; sewage; shrimp culture; changing river hydrology. (*) P
88° 49’ 4

Table 5. Survey findings on the regeneration and conservation status of mangroves from 4 sites in Madagascar and Africa, listed in
chronological order of site visits. Superscripts and symbols as in Table 2.

Country Location CoordinateaA b Type/  Principle conservation issues®
rea
Madagascar Nosy Be - 13°22'S b Village cutting for fuelwood; clearing for crops and livestock
Lokobe 48° 11'E 2; resort development.
South Africa St. Lucia 28°21°S e Resort development; boat traffic; over-fishing; squatter poaching. P
Estuary 32° 24'E 3
Durban - 29° 48'S b,ef Real estate development; changes in city water outflow; urban pollution. (*) P
Beechwod Park  31° 02’E 2
Durban Bay 29° 53'S ab Urban sewage and oil poliution; clearing for port expansion.
Head 31°00E 1 ™
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pel the process of mangrove decling
Changes in bath scientific data-sharing
and econemic policy are needed w bring personal and socictal  porate adeguate adult seedling sources and understory seedling
ethics and market practices in line with sustainable management.  hanks 10 permit successional regenemition fodlowing perturha

We propose that two primary research programs are needed  tion (45, 49). Our data indicaling a species-poor and sparse
b address the primary. direct conservation threats we identified !I-E\IUI.HIII_E hank were derived from a singhe siatic survey; socd-
in this survey: i) detection and quantification of mangrove for-  ling recroitment densites vary sensonally and among species
est losg; amd ) development of restoration techniques, We also
sugpesd that benefits and costs 1o local communities should be
incorporaiesd explicitly i economic analyses of mangrove con
WETSION

Cuaniifcation of Mangrove Forest Lass

Reliable dagn on the arcal extent of mangrove forests are diffi-
culi 40 obinin or wonexisient for many counrics. While local ex-
perts identified W% of wisited silcs &s “declining,” few tools,
Beyord our owm eyes. substantiate thess clnims, Existing dais
generally reflect inaccurate, ancomoborated, and decades-okl e5-
limates fepealsd apecryphally throughout the literiure (4, &),
since precise areal ranges of mangroves are unknown for many
regions., progndses lor their relative ::..:ns;|j'.-i|:g,. boss, or recow-
ery cannal vel be developed, Remote-sensing (Landsai thematic
muapping ) has been used successfully to quantify mangrove bosses
in Inedin {46, Ecusdor {331, and Thailand (471 seral recomnais-
sunce @nd shultle aperture rador can be wsed in clwody areas (31,
L1 48 {i'r\-:luncl-m.uhing of miaigrove forest strsciure h:.. I-.ru_:.lj]--
trained wolunteers is feasible in thess specics-poor fonests. Whils
FAD recommended that these types of analvses should be em-
ployed more widely (6}, they Catled 1o assert that legislative im-
pediments and military bans on asrial data-pathermg muest be
lifted amd sdeguate in-comntry ressarces for training, ST,
ancl ground-truthing effors be made available, Monitoring can
help identify the scope of mangrove decline, and provides a nec-
esaary, bul msufficient, enforcemen toed for conservation

Reforestation

Althowph mangrove forestry is demonsirably feasible when seed
ling replaming cocurs (6, 22), most clearcuts tial we witnessed
wiare  unmonitored  and  unaccompanied by afforestation.
Clearcuiting rapidly aliess geomorphalogy and soil chemistry of
fidal wetlamds; if relforestation is not swift, efesion, hypersalinity,
acidification, accumulation of soil sulfides, and invasion by ag-

: Foles of mangreve (Hislrophora shyiosa) ore used e Bauss
gressive early colonizers can precluds unassisted re-growih of  on i egan In "*hl: Faderal Stalss uljicmmuh

mangroves (h). Sustainuble monprove agrofonestry should incor-  Phoio: ELJ. Farnawarnih,
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(501, Long-term demopraphic smdies are needed 10 deserming
which sites suppon sulficient advance regeneration and wihich
will reguire 1|,:|p|,'||.-e1rn|:n|.a| plantings, Acsinn stubies have shown
that seedling banks alons are insufficient, especially where in-
vasive fems (Ackrosicfuen sppd colondze the undersiory (31
Hond=plamang is Inbor- pmd Bme-inlensive, but can provide em
plovment for local residents, as i the Indian Sundarbans (533
Flantation productivity can decline over many decades (49),
thouagh the generality of this phenomenon has nol been wadely
tested, Concomitant long-term chamges in species richness of as-
socisted mangrove fauna in plantations have nol been quans-
fied, and a challenge m replanting schemes will be to resiore s
malhaneowsly the soil profile amd micrebial richness in degraded
msakgroye sysbems (335

Especaally in the neotropscs, where transient shoimp ponds are
replacing mangroves at unprecedented rates, trials for compan-
i planting of reforestation with mangroves are necessary, The
advantages of “mbercropping” mangroves and hisheries wene: ac
knowledped by nguaculumalisis whom we met, but b owr knowl-
tdgl.'- [EALOTELION OF MAnEroye-shrmg ||:|I:-|:r|.':'-rrp|.'lil|g have m
been atlempted in the neotropics. However, creative eflorts di
recied ai both these aims can msw be lounched, given existing
kmowledge and meore inter-regional data-sharing. Guidelines for
mangrive planiation agridorestry ke rehabilitate degroded coastal
areas wied for tambak ard shrimp aquaculiure have been devel-
oped In Asla (6, 34-56), Thess silvicalieral wehnkgues cowld be
combrned with nestropical studses of seedling demography and
ecophysicdopy (50, 57} in the management and restoration of
sheimg ponds, We emphasize that o wroe conservabion of man-

Mangrosas of the Galdpagos lalands augport Fighly urisual faussl
associnieg, including e aea liors. Pholo: E.J, Farnawanh

dgrsin Wil 36 Ma . Semm. 1817
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Erowes s pq'::fﬂah-'ic o @ posterior restomtion. Howeser, the soc-
cisd of ehther depends ultimasely on the motivation and ecomomse
ability of diverse mangrose gxplodess o eflect reloresialson: an
instituticnal infrastructure of supparts and incentives must be in
place.

Beneflts and Costs of Mangrove Converskon

Translztimg utilitanam vaes of many ecosyilems il ecomnoms
gain is problematic. Despite high economic retams from man-
grove agrofoeeacry (6, associated fisheries and ecotourism (38,
597, local communities as yet appear o recerve liflde meome from
these sctivities. For example, althowgh four arens developed for
mangrove eoobrism were claracterized by local biologists as
"i:'nr.u'\-:n'in;.l:." ecodiopical effects of increased solid wasie, erosive
boat wakes, and noise (three side-effects of lourism we wimessed
firsr-hand ) have not been characterized emgirically m mangroves
{6k, Managers and ooastal residents pommied owt that unless ad-
JRcent comimunities receive a proporionate share of ecomomic
benelits, few incemives aocns o leaving mangroves in place.
Muongrove declines can be reversed when local communiies as
sume comrol over comman property rights and adops alterma-
twe sprategies Ffor resowrce use (61} Fificen years ago, Saenger
et al. highliphted the meed lor dotn on socssconomee sladies of
communities asseciated with mangroves (4); this remains o k-
cuiia in newd of anention

CONCLUSIONS AND RECOMMEMDATIONS

Human activities are not necessarly mimical o mangroves,
Many of the probdems we identify hove emerged relatively re-
cently, within the memeres of our colleagwes. Likewise, “qumc-
cess stories” in nprun:mi:.-' sustaimable mangrove use exis, and
can provide the foundation for future manapgement decisions {4,
22415, The tinse is ripe amd entical for practical and derect ne-
form ag both local and national levels, and thowsands of pages
of schentific litlerstare already cxist bo inform this progess (over
2800 1A the references 1o this paper alose). Yer, distribumson of
this liternfwre among managers, governmenl personnel, and sca

eatists with whom we spoke was limited, due to both a paecity
of academic lbrares amd a lack of commanbcation among in-
termaticnal resenrchers and in-country constiluencies. 'We were
todd that data from lecal field studies, collscted by foreipn agen-
caes and personnel, were nol made readily available wo local bi-
ologists, :sp:ri.all:-' in Souath Amenca @nd some Pacific iskneds,
Likewise, minimal imemational discourse occurs amiong biolo-
gists i developing countres who [ack resources by pancipaic
in workshops and conferences. We encourage researchers o
publish plobally bur disseminute locally” lest their findings re-
main unused by professional and unpald land managess who
meed them mas)

Conservation biologists can—and in mamy aress, do—prom-
ulgate uselul infermation on mangrove benefits and effects of
their destruction o locel Flnl'l['l.l|.ﬂ|il'||1'¢ exploEling mangroves o
small scales, Where multinationals ore involved in wholesale
clearing of mungroves, mmlematbonal presiure must be Broughl
b bezpr o nagional gevemments and imemational corporalions,
using the enormoas weight of existing empincal evidence regand-
g conseguences of coastal deforestsiion. Leglslative refoom is
undermined by poditically-driven redoctions m resources, cli-
mates in which scientists are discournged from speaking o
agamsl “develogment,” and poor communkcarion among under-
funded enforcement agencies. In couminies where mangrove man-
agement plans exist, we sow litthe evidence that monitoring or
restoration occurs. Although the majority of countres we vis-
fed have instituted laws profecting mangroves and requiring a
priov review of conversbon projects (4), enforcement is bax (62,

Altbough misch useful scennfie mformatkon i avallable, data
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of theoretical and practical interest still should be garnered from
continued basic field research. For example, little is as yet known
about mangrove genetic diversity (1), biodiversity of mangrove
associates, or potential responses to projected global climate
change and sea level rise (7). At all scales, simplistic but long-
standing paradigms still persist, and can be applied inappropri-
ately by people who are under-informed of new data or removed
from policy decisions. Beyond data, the nested hierarchy of com-

References and Notes

plex interactions among local, national, and international eco-
nomic imperatives—to which we alluded earlier—influences
both the rate of mangrove destruction and the strength of con-
servation efforts. Scientific understanding can inform local and
national policy decisions, but only if data are widely shared, all
parties affected by decisions are involved in the decision-mak-
ing process, and mangroves are designated a genuine adminis-
trative priority.
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