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~EXECUrivE SUMMARY__ r

The fundamental VlSIon of the Paseo Pantera proJect, and Its evolutIOnary successor, the
Mesoamencan BIOlOgIcal Comdor (MBC) concept, has been the re-establIshment of a natural
bndge that Includes a senes of protected areas whIch would protect bIOdIverSIty and permIt
nngratIon of WIde-rangIng ammals and plants ThIs concept has evolved to follow a more
ecologIcal approach where the human bemg plays an Important role

The present report assesses the degree to whIch both eXIstIng and proposed protected areas and
comdors protect/would protect landscape-level bIOdIverSIty, whIch we represent as vegetatIon types
delIneated from remotely-sensed Imagery A comprehensIve, standardIzed, and thematIcally
appropnate map of Central Amencan vegetatIOn and landcover types was developed by classIfymg
remotely sensed Imagery (AVHRR - Advanced Very HIgh ResolutIon RadIOmeter illlagery -- 1 km2
resolutIon) USIng advanced dIgItal Image processmg routInes and expertIse prOVIded by the Central
Amenca VegetatIon WorkIng Group ( a group of experts In vegetatIon cover analySIS and ecology
from the seven Central Amencan countnes that worked together to generate and reVIew the map as
well as played a pnmary role m the gap analySIS) The map IdentIfIes 17 remaImng natural
vegetatIon types The claSSIficatIon accuracy of the map IS estImated to exceed 80%

USIng a gap analySIS approach, a map of eXIstIng and proposed protected areas and comdors
was overlaId on the vegetatIon map to analyze the protectIOn status of vegetatIOn types Eleven of
the 17 natural vegetatIon types were found to be under-represented «10% of theIr total area
contamed m parks) and of these, eIght vegetatIon types were found to have less than 5% protectIOn
A SImIlar analySIS of the protectIon status of ecoregIOns revealed that eleven of the 16 ecoregIOns
are under-represented EIght ecoregIons have been extensIvely converted «40% ongInal forest
remaIlling) from pre-colomzatIOn states The VegetatIon WorkIng Group and other Central
Amencan experts reVIewed the results and mcorporated a VIabIlIty analySIS to confirm the
conservatIon gaps of Central Amenca

It IS recommended that the mappIng of vegetatIOn types as surrogates of speCIes as well as gap
analyses should be contmued m order to maIntaIn up-to-date InfOrmatIon The VegetatIon WorkIng
Group should be consolIdated as a consultatIon body m the regIOn In addItIon, future bIOlOgical
comdor or protected area network deSIgn ImtIatIves, such as the PROARCA/CAPAS proJect, seek
to establIsh representatIOn of all umque vegetation types and ecoregIOns m protected areas as a
fundamental conservatIOn goal Appropnate mIllimUm protectIOn standards should be establIshed
for determImng the necessary areas of vegetatIon types that should be contamed m the network
Future SIte selectIon should be determIned WIth spatial models that allow conSIderatIOns of both
landscape and human ecology



A Conservatwn-Assessment ofCentral AmerIcan- Vegetanon and Ecoregwns

Central Amenca encompasses approXImately one half nnllIon km2 of land wluch extends from
the Peten regIOn of Guatemala and Behze to Serrama del Danen of Panama (FIgure 1) Some three
or four nnlhon years ago, an Isthmus of land formed a bndge that connected North and South
Amencas Tills land connectton allowed anImal specIes to move freely m both dIrecttons,
transformmg the regIOn mto a bIOlOgIcal bndge Central Amenca IS a complex bIogeographIc
regIon, representmg a umque meldIng of North Amencan and South Amencan bIOtIC elements
Together WIth the regIon's topographIc and chmatIc heterogeneIty, thIs IDlXture has contnbuted to the
development of an unusually dIverse assemblage of vegetatton types and ecosystems (Janzen, 1983)

Figure 1 Countnes of Central Amenca
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In order to conserve Central Amencan bIOdIversIty, It must first be charactenzed Landscape
level bIodIversIty III Central Amenca can be descnbed at ecoregIonal scales or at finer spatIal scales
as vegetatIon types and/or cover types An ecoregIon IS defined as a geographIcally dIstmct
assemblage of vegetatIon types that share a large ma.Jonty of theIr speCIes, ecologIcal dynanncs, and
sImllar enVIronmental condItIons, and whose ecolOgIcal mteracttons are cnttcal for theIr long-term
perSIstence (The Nature Conservancy, 1997) EcoregIons represent the ongInal (estImated) extent of
vegetatIon complexes, and thus are more reflecttve of potenttal vegetatIon, and do not descnbe
current vegetatIOn dlstnbuttons A set of ecoregIOns for the Lattn Amenca and Canbbean regIon
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were developed dunng two recent bIochversity pnonty settmg lllitlatlves cOIllilllssIOned by the
World Bank (Dmerstem et al , 1995) and the Umted States Agency for Intemanonal Development
(BSP et al , 1995) The ecoregIons of Lann Amenca and the Canbbean GIS dataset developed by the
World Bank and World WildlIfe Fund (1995) was also used m the GAP analysIs (FIgure 2, Table 1)

Figura 2 Ecorreglons of Central Amenca

L

_ 1 Belizean Pine Forest
@ 2 Belizean Swamp Forest
...El 3 Central American Atlantic Moist Forestm 4 Central American Montone Forest
g 5 Central American Pacnlc Dry Forest
l:=J 6 Central American Plne-Ook Forest
~ 7 Central Panamanian Montone Forest
m 8 Chlapos Drepresslon Dry Forest
I9i:l 9 Choco/DOrlen MoIst Forest
~3 10 Costa RIcan Paramo
~ 11 Casto Rica Seasonal Moist Forest
_ 12 Eastern Panamanian Montone Forest
n 13 Isthmlan-Pacnlc Molst Forest
§li!I 14 Mangroves
i!J!ii1 15 Mlsklto Pine Forest
~ 16 Motagua Volley Thornscrub
~ 17 Panamanian Dry Forest
[=.J 18 Peten Moist Forest
~ 19 Sierra Madre Moist Forest
liBl 20 Talamoncan Montone Forest
~ 21 Yucatan Moist Forest

At finer scales, vegetatIon types and landcover classes are commonly used as conservatIOn
planmng umts because they can be delmeated from remotely-sensed Imagery (Anderson et aI, 1976,
Loveland et al ,1995) These landscape types are often consIdered as "coarse fIlter" representanons
of bIOdIversIty The frequent lack of specIes-level and habItat-level (fine fIlter) InformatIon III LatIn
Amenca and the Canbbean often establIshes Image-denved landscape types as the only aVaIlable
measure of/surrogate for bIOdIversIty Coarse fIlter-based bIOdIversIty assessment methodologies
are mcreasmgly utlhzed mstead of trachtIOnal, exhausnve speCIes and habItat mventory (Noss, 1987)
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Table 1

Ecorreglons of Central
Amenca

Central AmerIcan Atlantic Moist Forest
Central American Pine-Oak Forest: -~-~, -< ~

Central American Pacific Dry Forest
Isthmian-Pacific Moist Forest f~" _: -~ , -~-;

,~ -
Mlsklto Pine Forest

.--- ...._'" -;;..: -l<.-'

Tatamancan Montane Forest- '" ~

Costa Rica Seasonal Moist Forest
Central Amerfcan Montane Forest' ~./';:: ~ ~

Sierra Madre Moist Forest
Panamanian Dry Forest ~ ,r "",, ~'" -_- ~ -~~ ~ " ~

I f "<if ...... .- _~

Belizean Swamp Forest
-\ ............ ; - ........ ..,-r""r ,.t-,.l.,..,.",

Beflzean Pine Forest ~ ::--~ "-- ,- l-/ - ~ \ r '"- ::

Motagua Valley Thornscrub _ "
- -<.

Eastern Panamanlan Montane Forest~'

Central Panamantan Montane Forest
r- ..t..-

Costa Rfcan Paramo -
Vi: 1; ............... ~ -

_i, ,~Ecoreglons With Majority of Ared/ '; ", ~'" -, Area (Km')
_-" outside Centraf Arryenc9f;tReglort:"_ ::~

Peten MoIst Forest 60837
Choco/Darlen Moist Forest -~ I> - _ ~ <, -, \ 13335

Yucatan Mofst Forest 1986
, >

Chlapas Drepresslon Dry Forest ' - 107g

Mangroves 14121
~~ ? \ ~ ::""' J. "~~~ '7 'f~i~t~:t:}.-::;~4~.;t;,-Jf€>-~~.\'1 ~!";-.6~}-.- ~ ~t4...fjlfJ
~'TofaLArear t.:', ",;'{; < ~;;{~ ;'1.."1~_r<,\.f~~~_ ;-:?-: ~;,-r~~ 503501'\ "b. 1

..{.,J- ~~ ~7.l '-~ ~~ ~" .....",,'t~-:t. ~...t~"\~~~'F1;~1:~>-.k..r~iv~~~~t{t::~~ JI:11k2: ........ ....~ if-"',.>

In the early 1990s the Paseo Pantera (the Path of the Panther) project was conceptualIzed, WIth
the goal of estabhshmg a bIOlOgIcal comdor from the Peten to Panama whIch would permIt the
ummpeded nugratIon of WIde-rangIng ammals, such as the panther The concept (and name of the
project) evolved when Central Amencan governments assumed the responsIbIhty for estabhshmg
the Mesoamencan BIOlOgIcal Comdor ThIs evolutIon occurred m 1995 when the Central Amencan
COrnmtSSIon on EnVIronment and Development (CCAD) InItIated the planmng of a Umted Nahons
Development Program (UNDP) proJect, the Mesoamencan RegIOnal System of Protected Areas,
Buffer Zones, and BIOlogICal Comdors (Mesoamencan BIOlOgIcal Comdor) The seven countnes
of Central Amenca pledged by treaty to support the project so that a contmuous bIOlOgIcal comdor
would once agam extend across the regIon

Both the Paseo Pantera project and the Mesoamencan BIolOgIcal Comdor project establIshed
sohd conceptual foundatIons for a regIonal efforts to conserve the bIOdtversity of Central Amenca
Interest m supportIng thIs work resulted m the ImtIatIOn of the PROARCNCAPAS (Programa
Amblental Regtonal para Centro AmencaJCentral Amenca Protected Area System) project m 1996
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PROARCAICAPAS IS a partnershIp of the Central Amencan COmtlllSSIOn on EnvIronment and
Development (CCAD), the U S Agency for InternatIOnal Development (USAID), the InternatIOnal
Resources Group, Ltd (IRG), The Nature Conservancy (TNC), and Wmrock InternatIonal The
objectIve of PROARCAICAPAS IS to prOVIde polItIcal, technIcal, and econOmIC support for the
management of protected areas m Central Amenca In that regard, PROARCAICAPAS IS workmg
towards regIOnal coordmatIon of bIOdIversIty conservatIon, whIch supports the development of a
Mesoamencan EcologICal Comdor In the context of the PROARCAICAPAS project, The Nature
Conservancy has coordInated 1) the productIon of a map showmg the dIstnbutIon of remaImng
vegetatIon wIthIn Central Amenca and 2) analysIs of the protectIon status of these vegetatIOn types
and ecoregIOns under both eXistIng and proposed protected areas (GAP analysIs)

2 rOBmciiVES

The goal of thIs GAP analysIs was to Improve our understandmg of the dIstnbutIon and protectIOn
status of landscape-level bIodIversIty m Central Amenca ObjectIves of thIs analysIs were as
follows

• To charactenze the dIstrIbutIOn of Central Amencan vegetatIon types, as mterpreted from
satellIte Imagery, throughout the regIOn as a whole, usmg vegetatIon types and ecoregIOns as
umts of analysIs

• To analyze the representatIOn m the eXistIng and proposed protected areas and comdors of the
vegetatIOn types and ecoregIOns

• To IdentIfy as conservatIon gaps those vegetatIon types and ecoregIOns not represented and
under-represented m the eXistIng and proposed protected areas and comdors of Central
Amenca

• To analyze the vIabIlIty of the Identrfied conservatIOn gaps
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3~HODS-

To assess the conservatIOn status of the remaInIng vegetatIon In Central Amenca, the Central
Amencan Protected Areas System was overla1d on the vegetatIonflandcover map m a geographIc
mformatIOn system (GIS) and calculated the percentage protectIOn of each vegetatIon at the regIOnal
and country scales The protected area types of the Central Amencan Protected Areas were grouped
mto three major categones 1) Parks and Reserves, 2) PotentIal Parks, and 3) Extractive Reserves
(FIgure 3) The dIstnbutIon of remmmng vegetatIon In each ecoregIOn was analyzed by overlaymg
the ecoregIOns on the vegetatIonflandcover map, and the conservatIon status of each ecoregIOn was
determIned by overlayIng the Mesoamencan Protected Areas on the WWFIWB's ecoreglOns

FIgura 3 Protected areas of central amenca

l

Il"JM Parks and Reserves

r=-=a Potential Parks

IIlliII Extracted Reserves

3.1 GeospatIal Data

The dataset used In thIs gap analySIS compnsed the most spatIally detaIled dataset on protected
areas, vegetation, and ecoregIOn data ever assembled for the regIOn as a whole The followmg
dIgItal geospatIal data were compIled for the gap analySIS

Country boundanes (BelIze, Guatemala, Honduras, EI Salvador, NICaragua, Costa RICa,
Panama) (l 1 MillIon, DIgital Chart of the World, ESRI Inc 1993)

VegetatIon and landcover map (l 2 MIllIon, PROARCAICAPAS, 1998)



A Conservatwn Assessment ofCentral Amencan. Vegeta!UJn and Ecoregwns

Mesoamencan protected areas network systems (11 MJ.1hon, WCS, 1996)

DIgttal Elevatton Model (1 km2 gnd, USGS EROS Data Center, 1996)

Ecoregtons (1 15 MIIIton, Dmerstem, et al , 1995)

3.2 Vegetation ClassIfication and Mappmg

A comprehensive, themattcally appropnate and accurate map of the current locatton, extent and
dlstnbutton of vegetatton and landcover for Central Amenca IS needed to support bIOdIverSity
conservatton and protected area system plannmg These landscape-level data can provIde a template
for the pnontIzation of protectton strategies m a coarse-filter (landscape) approach The present
effort IS based on the ftrst standard VegetattonlLandcover Map of Central Amenca

A Central Amenca VegetatIon Workmg Group was formed from a host of regIonal, country and
mtemattonal experts (see Appendix B for a Itst of members and workshop partICIpants) to prOVIde
ground-truth mformatton and to contnbute to the proposed vegetatIon classtftcatIon system and
maps The workmg Group convened m dIfferent workshops held m Central Amenca

A standard c1asstftcatIon system IS essentIal If vegetatton-mappmg efforts m dIfferent countnes
of the regton are to be dIrectly comparable Without usmg a smgle, conSIstent, and standardIzed set
of mappmg umts, vegetatIon maps m vanous countnes cannot be placed m a regtonal context. For
the PROARCA/CAPAS vegetatIon mappmg work, the Federal Geographtc Data COmmItteel The
Nature Conservancy (FGDC, 1997) system used m the Umted States was modIfted m both the
hterarchy structure and vegetatIon classes to accurately represent the trOPiCal vegetatIon types and
their trOpICal envIronments Thts modtfted system was reViewed and refined by the Central
Amencan Vegetatton Workmg Group dunng the workshops A subset of the vegetatIOn classes was
selected as the mappmg umts by the Workmg Group based on the charactensttcs of the AVHRR data
and the relatIve abundance and Importance of the vegetatIon types Wlthtn the Central Amencan
regIon (Table 2) The pnmary remote sensmg data used m thts study to map Central Amencan
vegetatton types was monthly-composlted (1992-93) AVHRR-NDVI data Other htgh resolutIon
satelItte Imagery traditionally used m natural resources assessment and momtonng such as SPOT
and Landsat TM, was used for the dehneatIon, descnptIon, and parametenzatton of "ground­
truthtng" sites EXlstmg natural vegetatton and anthropogemc commumty data were used m the
proJect, espeCIally vegetatton data from a number of Rapid Ecologtcal Assessments (REA) at
several Central Amencan sites (Iremonger and Sayre, 1994, FundaC16n Ecologtsta "Hector Rodngo
Pastor Fasquelle" and TNC, 1996, Maldonado et al , 1995, Anleu, 1993, APESA, 1993, ANCON,
1995) REA IS an approach for rapidly mventorymg the biodiverSity of an area usmg an Imagery­
based charactenzatton of landscape umts, and fteld campaigns for venftcatIon of landscape types
and speCIes-level sampItng (Sobrevtla and Bath, 1993)
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Vegetation/Land
Cover types of

Central Amenca

The prehmmary vegetatIon map was developed by Boston UmversIty Center for Remote
Sensmg and Department of Geography m collaboratIOn WIth The Nature Conservancy's Latm
Amenca and the Canbbean RegIOn (lACR) and the Central Amencan VegetatIOn WorkIng Group
SoplnstICated processmg algonthms (fuzzy-set and artIfiCIal neural network claSSIfier routmes) were
employed to relate spectral clusters m the Imagery to plot-based vegetatIon and enVIronmental
parameters (Muchoney et al ,1997) The final vegetatIOn map was developed by revlsmg and
dIgItally recodmg the classIfied prelnmnary map accordmg to comments from Central Amencan
expert reVIewers under the coordmatIon of PROARCNCAPAS

The best estImate for the overall accuracy of the draft map was above 70 percent The draft
map was reVIewed several tImes by a group of Central Amencan experts, mcludIng the Central
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Amenca RegIOnal Program of TNC before Implementmg the GAP analysIs Based on experts'
comments, correctJ.ons were made to the draft map by recodmg the IDlsclasslfled areas The
accuracy of the fmal vegetatJ.on/landcover map was estimated to exceed 80% The dlstnbutJ.ons of
remammg vegetation types and other landcover types of Central Amenca were summanzed directly
from the AVHRR lIDagery denved vegetatJ.on/landcover map Total area (km2) and percentage of
each vegetatIOn type were calculated at the reglon, country, and ecoregIOn scales

3.3 Gap AnalysIs

A map showmg how vegetatJ.on types are dlstnbuted with respect to categones of conservatIOn
management helps to IdentJ.fy which elements of blOdlverslty IDlght be especially vulnerable to
habitat converSIOn or degradatJ.on A gap analysIs makes such an assessment by overlaymg maps of
eXisting protected areas and proposed new protected areas onto maps of the dlstnbutIon of
vegetatJ.on types (see Scott et al ,1993) VegetatIOn types and ecoregIOns whose dlstnbutlOns fall
largely outSide the protected areas are Identrlied as "gaps" m bIOdiversity conservatIOn

GAP analysIs can be performed on any collectIOn of bIOdiversity elements UltJ.mately, a
comprehensIve plan for the protectJ.on of bIOdIversIty must mclude all elements of bIodIversIty from
genes to landscape and IS thus hIerarchIcal both m spatial scales and blologlcallevels of
orgarnzatIon (Noss and Coopemder, 1994) Crocco et al (1995) have utJ.ltzed a habItat
representatJ.on concept of GAP analysIs, assessmg the degree to whIch native vegetation types are
represented m reserves Many conservatJ.on organlzattons now recognIze the representatIOn of all
disttnCt natural commumttes m protected areas as a fundamental conservatIOn goal (The Nature
Conservancy, 1997, Dmerstem et al , 1995) It should be emphaSIzed that GAP analySIS IS only the
first stage of protectmg bIOdiverSity m the regIon It proVIdes an overview of bIOdIverSity
conservation for the region and a dlrectton to those areas that should be conSIdered as high pnonty
Once these ImtIal pnontIes have been establtshed, other conservatton biology approaches can help
determme reserve boundarIes and management techmques necessary to mrontam VIable populattons
and ecosystem processes Detatled descnpttons of the gap analySIS approach and methods can be
found m Scott et al , 1993, and DaVIS and Stoms, 1996, KeIster et al , 1996

3.4 Maps and Gaps Workshop

The workshop was held m San Jose, Costa Rica, September 1-4, 1998 The partICipants to the
workshop were the members of the Central Amencan Vegetation Workmg Group (CAVWG), one
representative of each nattonal protected areas system from the seven Central Amencan countnes,
and TNC staff
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The mam goals of the event were

1 To reVIew the eXIstIng vegetatIOn cover of each ecoregIon In order to do thIs, the partIcIpants
had blown-up maps of the ecoregIOns of Central Amenca wIth the vegetatIon cover These maps
Included the eXIstmg and proposed protected areas as well as the proposed Mesoamencan BIOlogICal
Comdor

2. To define whIch ecoregIons and vegetatIOn types were not (and under) represented In each
ecoregIOn In order to accomplIsh thIs, the partIcIpants reVIewed the presence of eXIstIng or
proposed protected areas In the ecoregIOn as well as the coverage of all the vegetatIon types In those
ecoregIons The places that were IdentIfied as not represented were conSIdered conservatIon gaps

3 To evaluate the vIabIlIty of the gaps IdentIfied The vIabilIty was defined as the pOSSIbIlItIes of
protectIng bIOdIversIty In the gap The vIabIlIty was evaluated USIng three levels (hIgh, medIUm and
low vIabilIty) based on the folloWIng cntena

3 1 Status of the vegetatIon coverage defined as the status of the eXIstIng vegetatIon cover
accordmg to the map and the expert opIillon of the partICIpants Good vegetatIon cover
equaled hIgh conservatIon vIabIlIty

3 2 BIOlogICal dIverSIty defined as the abundance and dIverSIty of flora and fauna m the
gap ThIs pomt was estImated qualItatIvely USIng expert opIillon of the partICIpants HIgh
bIOlOgical dIverSIty equaled hIgh conservatIon ViabIlIty

3 3 EnvIronmental servIces defined as the potentIal and eXIstIng servIces that the
bIOdIverSIty may prOVIde to SOCIety (hydroelectnc power, carbon fixatIOn, etc)
EXIstance/potentIal of several enVIronmental servIces meant hIgh conservatIon VIabIlIty

3 4 Land tenure defIned as the status of the land InSIde the gap The predOmInance of land
owned by local or natIonal government equaled hIgh conservatIon VIabIlIty

3 5 DemographIc pressure defined as the presence of human settlements Low
demographIc pressure equaled hIgh conservatIon VIabIlIty

36 Development projects defined as the eXIstence of such projects In the gap The
eXIstence of few projects equaled hIgh conservatIOn VIabIlIty

3 7 Government conservatIon polICIes defined as the eXIstence of government polICIes that
benefit conservatIon In the gap The eXIstence of several polICIes equaled hIgh conservatIon
VIabIlIty
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38 Natural access lImItatIons defmed as the eXistence of natural features that lImIt the
access of humans to the gap The presence of severallumtatIOns equaled lngh conservatIon
vIabIlIty

3 9 Potential use defined as the potential ways humans could use the gap That IS,
agnculture, cattle, fishIng, charcoal, firewood, tounsm, etc The less potentIal uses equaled
hIgh conservation vIabilIty

3 10 Pnvate protected areas defmed as the presence of pnvate protected areas In the gap
The presence of more pnvate protected areas equaled hIgh conservatIOn VIabIlIty

The partICIpants evaluated the cntena m group dISCUSSIOns and aSSIgned, by consensus, a value
of hIgh, medIUm or low VIabIlIty for each cntenon of each gap Those gaps WIth lngh VIabIlIty were
selected as the mam conservatIOn gaps of Central Amenca

.........,\...,.a:<I~~o/1:-r$1"1 .......... ..r -...

4 "REsuLTs-

4.1 Remalmng Vegetation and Their DistributIOn ID Central America

The Central Amencan RegIOn was mapped over an area of 514,180 km2 A total of 24
vegetatIon and landcover types were mapped from the AVHRR Imagery These vegetatIOn and land
cover uruts are represented m the map entItled Central Amencan Vegetation and Landcover Map
Area StatIStICS of the dIstnbutIOn of the Central Amencan VegetatIon and Landcover classes are
presented In Table 2, Figures 4 and 5 Spatial analySIS showed that 95 5% of the Central Amencan
regIOn was mapped as vegetated, mcludIng agnculture and agroforestry lands Non-vegetated areas
mclude urban areas, lakes, reservOIrs, rock outcrops, and sand beaches WIth lIttle or no vascular
plant cover Of the total non-vegetated area, 67% IS Inland water bodIes

Agnculture lands cover about 32% of the total land In the regIOn ThIs percentage IS
substantially under-estimated as It did not mclude certam agnculture types, such as agroforestry
(mcludmg shade cocoa and coffee plantations) Due to the lower spatIal resolutIon ofAVHRR
Imagery, these agroforestry types could not be separated from other forest types
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Figure 4 Vegetation/Land Cover of Central Amerrca*
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*Note Numbers refer to vegetation iypes listed In Table 2
Percentages refer to percent land area occupied by ihat vegetation type

The most common vegetation ill Central Amenca IS the trOPiCal forest SiX forest types
contnbute collectively about 48 7% of the regIOn's total land Among them, TropIcal Broadleaf
Evergreen Forest is the most extensIve vegetatIOn type, covermg 36% of the regIOn's total area
TropIcal Needleleaf Evergreen Forest is the second most common vegetatIOn ill the regIOn,
covenng about 9% of the regIonfs total area (Table 2, Figure 4, and FIgure 5) Savanna and
grassland occupy 9% of the total area About 2% of the regIonfs area IS wetlands
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Figure 5 Vegetation/Land Cover Dlstnbutlon In Central Amenca
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*Note Numbers refer to vegetat10n types listed In Table 2

Tills study found that most vegetatIOn types (11 of the 17 natural vegetatIon types) occupy
relatively small areas, Ie, less than 2 % of the regIOn's total area The least abundant vegetation
type III the regIOn IS the Tropical Broadleaf Evergreen Savanna It occupies only 910 km2, about
o2% of the region's total land

Furthermore, the mapped vegetatIOn types show dIstmct dlstnbutton patterns along the
elevatIOn range III Central Amenca The spatIal dlstnbuttons of the Central Amencan vegetatIOn
types were analyzed accordmg to three elevatIOn categones, Ie, the lowland regIOn (0 - 500
meters), the mIddle elevatIOn regIOn (501 - 2500 meters), and the illgh elevatIOn region (> 2500
meters) (Table 5 and 6) About 80% of the TropIcal Evergreen Needleleaf Forest IS dIstnbuted m
the mIddle elevatIOn region and 19% occurs m the low land region A large portIOn (36 4%) of the
TroPICal Broadleaf Evergreen Forest IS dlstnbuted m the mIddle elevatIon regIOn About 2400 km2
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(0-5%) of thIs kInd of forest IS found In the hIgh elevation regton, whIch IS usually called the
"Cloud Forest" locally Seven other vegetatIon types are also largely dIstnbuted In the mIddle
elevatIon regIOn (Table 3)

The dIstnbutIon of vegetation types across large elevatIonal gradIents reflects the Importance of
vegetation structure as the pnmary classIficatIon dISCnmInant In the Image InterpretatIOn process
Although structurally slITnlar, a vegetatIon type wIth a large elevatIOn range could exhIbIt
consIderable vanatIon In compOSItIon (Holdndge, 1947)
Although not separable USIng AVHRR data, these dIfferences may be dIscnmInated usmg Imagery
WIth hIgher spatIal and spectral resolutIon

Table 3 Vegetation/Land Cover Dlstnbutlon by Elevation Range
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24 Urban/lndustnal 559 376 918 61 7 11 07 1488
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The map clearly mchcates that most of the Central Amencan PacIfic coastal and lowland areas
have been converted mto agnculturalland Furthermore, ltttle forest eXists m El Salvador

4.2. ProtectIOn Status of the Remaming VegetatIon

The assessment of protectIon status IS based on the 10% protectIOn parameter In "The III
World Congress on NatIonal Parks and Protected Areas", all attendmg countnes agreed that a
IDlmmum of 10% for representatIon withm protected areas IS an appropnate and practical target for
near-term protectIon Recent work suggests that a 10% IDlmmum may not be appropnate (Soule
and SanJayan, 1998), that figure was used here more for the sake of companson and not to descnbe
adequate protectIon levels

The seven categones of protectIOn of terrestnal areas used m the Mesoamencan RegIonal
System of Protected Areas were lOgically grouped mto three categones to allow easy vIsual
mterpretatIOn and analySIS m a chart form Three categones of protection were employed Parks and
Reserves - Absolute ProtectIon Status (IUCN I - III), and Parks WIthout Legal LimIts (EI Salvador,
Honduras and NIcaragua),

ExtractIve Reserves - Extractive Reserves (IUCN IV - VI), and Extractive Reserves
Proposed for Upgrade,

PotentIal Parks - Proposed ConnectIon Zones and Potential New Reserves

The results mdicate that under eXIstmg protected areas, more than half of the vegetatIOn types
(11 of 17 vegetatIon types) are under- represented, 1 e , have less than 10% of theIr total areas
deSIgnated as Parks and Reserves (Table 5, FIgure 6) Eight of these vegetatIOn types have less than
5% of theIr total areas represented m the eXistIng Parks and Reserves (Table 5) They are TropICal
Needleleaf Evergreen Forest, TropIcal Needleleaf Evergreen Woodland, TropIcal Broadleaf
DeCIduous Woodland, TropIcal Broadleaf/Needleleaf Woodland, TropIcal Needleleaf Evergreen
Savanna, TropICal Shrublands, and TropICal Grassland The least protected vegetatIon type m
Central Amenca IS TropIcal Needleleaf Evergreen Savanna, only 032% of Its land IS represented m
the parks and reserves The analySIS revealed that a large portIon (5,176 km2) of the land deSIgnated
as parks and reserve areas has been converted to agnculturalland (Table 5, FIgure 6) Moreover, It
was found that about one thIrd (>30,000 km2) of the proposed potential parks IS on agncultural
land On the other hand, five vegetatIOn types would have over 50% of theIr total chstnbutIOn
protected m thIs system (Table 5, FIgure 6)
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The protectIOn status of vegetatIon also vanes from country to country (AppendIx A) EI
Salvador has the smallest protected areas, and all vegetatIon types In the country are under­
represented Even though Costa RIca and Panama have relatIvely large protected area systems, half
the vegetatIon types found In the two countnes are under- represented

AdditIonal analysis of the spatial relatIonsmp between remaInIng vegetatIon and protected areas can
prOVide cntlcal InformatIon for selectIng new protected areas to fill the conservatIOn gaps Future
comdor design IwtIatIves should target under-represented vegetatIOn types

Table 5 ProtectIon Status of Vegetation/Land Cover In Central Amenca
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Figure 6 ProtectIon status of Central Amencan Vegetation/Land Cover
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4.3. Central American EcoreglOns and Their Protection Status

Central Amencan EcoreglODs

There are 21 ecoregIOns m the Central Amencan regIOn (FIgure 2) Of these, 14 have more
than 80% of theIr total areas wIthm the regIOn, and two have more than 60% m the regIOn (Table 1)
Two very large ecoregIOns cover most of the regIOn The first IS the Central Amencan AtlantIc
MOISt Forests EcoregIon, whIch spans five of the seven countnes and covers apprmamately 31% of
the regIOn The second IS the Central Amencan PIne-Oak Forests EcoregIOn, whIch spans four of
the seven countnes and covers approXImately 21% of the regIon's total land The thIrd, fourth, fifth
and SIxth largest ecoregIons found WIthIn the regIon are the Central Amencan PacIfic Dry Forests
EcoregIon, the IsthmIan-PacIfic MOIst Forests EcoregIon, the Mrsloto Pme Forests EcoregIon, and
the Talamancan Montane Forests EcoregIon CombIned, these ecoregIons occupy approXImately
21% of the regIon The rest of tlIe ecoregIons contaIned withm Central Amenca are small and cover
less than 8%

Two ecoregIons are not found largely WithIn Central Amenca the Peten MOIst Forests found In

Guatemala, BelIze, and MeXICO, and the Choco/Danen MOIst Forests found In Panama and
Colombia These two ecoregIOns are very large (WIth the maJonty of theIr extents occumng outsIde

,19]
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the regIOn) Mangroves also occur In Central Amenca Mangroves are consIdered globally
Important and are under substantIal threat They are particularly sensItive to changes In
hydrography (draxmng or changes In tidal of nver patterns) and pollution - a constant problem In
coastal areas, which can occur due to changes m mland areas

The DlstnbutIon of VegetatIon and Land Cover WIthIn EcoregIons

The 24 vegetation and land cover types have been grouped Into eIght broad habItat categones to
allow easy VISUal mterpretatIOn and analySIS In a chart form The groupmgs are as follows

Forest· compnses a groupmg of all of the forest types, mcludmg TropIcal Needleleaf
Evergreen Forest, TropIcal Broadleaf Evergreen Forest, TropIcal Broadleaf/Needleleaf
Evergreen Forest, TropIcal Broadleaf DecIduous Forest, TropIcal Swamp Forest, and Palm
Forest,

Woodland· compnses all of the follOWIng Woodland Types TropIcal Needleleaf Evergreen
Woodland, TropIcal Broadleaf Evergreen Woodland, TropIcal Broadleaf DecIduous Woodland,
and TroPICal Broadleaf/Needleleaf Woodland,

Mangroves. an IndIVidual type,

Savanna· compnses the follOWIng savanna and scrub/shrub types TropIcal Broadleaf
Evergreen Savanna, TropIcal Needleleaf Evergreen Savanna, TropIcal Broadleaf Evergreen
Scrub/Shrub, TropIcal CactuslThom Shrub, and TropIcal Swamp Scrub/Shrub,

Grassland· only one class TropIcal PerennIal GrammmOld Grassland,

Wetland· one class TropIcal Herbaceous Wetland,

AgnculturelUrban . compnses the follOWIng land cover types Forest-Woodland-Agnculture
Complex, Urban-VegetatIon Complex, Agnculture, and Urban-Industnal,

Non Vegetated. compnses the remaxmng land cover types Barren Rock, Sand, SoIl,
UnclassIfIed, and Inland Water

As ecoregIons represent potential (pre-colomzatIon) vegetation, the amount of converSIon of
each ecoregIon from Its ongmal (100% natural vegetatIon assumed) to Its present state (a
combInation of natural and ag/urban classes) was analyzed ThIS estimate provIded an Indication of
the amount of deforestation that has occurred In each ecoregion

When companng converted and non-converted vegetation WIthin the ecoregIons, It was found
that eIght ecoregIons have been heavIly converted (less than 40% ongInal forest remaxmng) from
forest lands to agnculture/urban (Table 6, FIgure 7) Of these, Panamaman Dry Forests EcoregIon
has had the most forest loss WIth over 84% haVIng been converted to agnculture/urban (83% forest
left) Other largely converted ecoregIons Include the BelIzean Swamp Forests Ecoregion (14%
forest remaxmng), Central Amencan PacIfic Dry Forests EcoregIon (17% forest remaImng), MIskIto
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Pme Forests EcoreglOn (21% forest remal1lIng), Motagua Valley Thornscrub EcoreglOn (23% forest
remaImng), and IsthmIan-PacIfic MOIst Forests EcoreglOn (39% remal1ll1lg) The large amount of
the savanna class occurnng m some of the ecoreglOns, especIally the MIskIto Pme Forests (28%)
and the BelIzean Swamp Forest (20%), could be an IndIcatIon of a thmmng of the forest whIch
mIght be a result of lllllited loggIng or clearmg for pasture (used for cattle ranchIng) Instead of total
cleanng for agnculture

SIX ecoreglOns, however, have a large percentage (75%) of forest remaInIng (Table 6, FIgure 7)
Of partIcular Interest are the Central Panamaman Montane EcoreglOn, Eastern Panamaman Montane
EcoreglOn, and Talamancan Montane Forests EcoreglOn, which all have over 80% forest remaInlng

Figure 7 Distribution of Vegetation/Land Cover Within Ecoreglons
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Table 6 Dlstnbutlon of Vegetation/Land Cover within Central American Ecoreglons
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ProtectIOn Status of Central Amencan EcoreglOns

The analysIs of the representatIon status of ecoregIOns was methodologically Identical to the
analysIs of the representatIOn status of vegetatIOn types Ten percent protection of an ecoregIon area
was consIdered adequate representatIon

Of the 16 ecoregIons In the area (those that have a maJonty of theIr area WIthIn the regIOn),
seven have adequate representation (Table 7, FIgure 8) Two small ecoregIons have excellent
representatIOn They are the Costa RIcan Paramo EcoregIon (32 km2 and 100% protection In the
ChImp6 NatIonal Park) and the Eastern PanamanIan Montane Forest EcoregIon haVIng 87%
protected The Central PanamanIan Montane Forests (404 k:m2) IS another very small ecoregIOn that
IS well-represented (35%) The only medIUm to large ecoregIon that IS well represented IS the
Talamancan Montane Forests It IS a moderately large ecoregIon (16,312 km2) and for ItS SIze IS
very well represented (41% In parks and reserves) The Peten and Choco/Danen MOIst Forests have
adequate representation for the areas that are located WIthIn the Central Amenca regIOn

Eleven ecoreglOns (excludIng Mangroves) should be consIdered Inadequately represented In the
protected areas of Central Amenca (Table 7 and FIgure 8)

Table 7 Protection Status of Central American Ecoreglons
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Of these ecoregIOns, three are very poorly represented (less than 3%) These mclude the SIerra
Madre MOIst Forests EcoregIOn WIth VIrtually no representatIOn (although a large portIon of the
ecoregIOn occurs wIthm Central Amenca), Panamaman Dry Forests EcoregIOn WIth only 1 4%
representanon, and most Importantly, consIdenng Its large SIze, the Central Amencan Pme-Oak
Forests EcoregIOn WIth only 27% representanon Two other ecoregIOns are substantIally under­
represented as well The first IS the Central Amencan PaCIfic Dry Forests EcoregIOn, whIch IS a
large ecoregIon (46,588 km2) and has only 3 7% of Its area represented The second IS the Motagua
Valley Thomscrub EcoregIon (a relanvely small ecoregIOn of 2,384 km2) whIch also has only 3 7%
representatIon The Central Amencan AtlantIc MOISt Forests EcoregIon, the largest ecoregIOn m
Central Amenca, IS madequately represented at 9% of ItS total area For thIs ecoregIon, however,
the large areas of extractIve reserves and potentIal new reserves help offset the small amount of
representanon The ChIapas DepressIOn Dry Forests EcoregIon, although poorly represented (and
hIgWy ranked), has only a very small area mSIde the regIOn The vast ma]onty (over 94%) of thIs
ecoregIon IS found m MeXICO

Figure 8 Protection Status of Central Amencan Ecoreglons
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The vIabIhty analysIs IdentIfied the conservatIon gaps wIth highest possIbJ1ItIes for
conservatIon strategIes The Motagua Valley as an ecoreglOn IS under-represented In the protected
areas system In addItIon, Motagua presents sIgmficant attnbutes of endemIsm and umqueness for
Central Amenca that make It the most Important ecoregIOnal gap IdentIfied m the analySIS

Furthermore, the conservatIon gaps IdentIfied at the level of vegetatIon types are presented In
Table # 8 Although none of these gaps IS regIOnal m coverage (1 e IS not a gap m all Central
Amenca) but natIonal, It IS Important to take steps to assure they are mcluded In the natIOnal
protected area systems that correspond Guatemala, Honduras and NIcaragua are the countries WIth
more vegetatIon type gaps The tropIcal broadleaf deCIduous forest IS the most common vegetatIOn
type gap SInce It IS present m Guatemala, BelIze and Honduras The fact that most of the vegetatIOn
types gaps are represented In protected areas of other Central Amencan countnes does not assure
that all the speCIes and/or ecosystems of Importance are represented

Table 8 Vegetation types Identified by the experts With high Viability gaps and
their dlstnbutlon per country

Tropical broadleaf deCiduous forest

Troprca~ broadleaf deCiduous woodland ~

Tropical herbaceous wetlands

Tropical broadleaf /needleleOt evergreen forest
Tropical needleleaf evergreen woodland
Tropical broadleaf evergreen. scrub/shrub
TropIcal broadleaf evergreen savanna

Tropical perennial grammlnord grasslands

Guatemala,
Honduras,

Behze
Guatemala
Guatemala
Costa RICO
Honduras
Honduras, NIcaragua
Honduras, Nicaragua
Honduras, NIcaragua
Honduras, Nicaragua



A Cooservatwn Assessment ofCentral Amerrean Vegetatum and &oreglOns

4.4 Summary of Results

The Central Amencan regton spans nearly 800 kIn from northwest to southeast, nses m places
to over 4,000 m m elevation, and encompasses a WIde range of envIronmental and vegetatIon/land
use patterns Central Amenca IS nch m bIodIverSIty, servmg as an evolutionary land-bndge for the
North and South Amenca Adequate bIOdIverSIty protection m Central Amenca should be
undertaken WIth an effiCIent deSIgn, and m full consIderatIOn of potentIal benefit to local
commumties ThIS analySIS, based on the best regtonal-scale data avaIlable, proVIdes a valId regIOn­
WIde assessment of conservatIOn status for both the remaInmg vegetatIon and ecoregIOns Thts
analysIs leads to the follOWIng major products and findIngs

USIng monthly-compositedAVHRR Imagery as the pnmary data source, a standard
vegetation/landcover map for Central Amenca was produced whtch IS over 80% accurate The
current dIstnbutions of the twenty-four major vegetation and land cover types have been mapped at
a scale of 1 2,000,000 The most common/abundant vegetatIon types m Central Amenca are the
TropIcal Broadleaf Evergreen Forest and TropIcal Needleleaf Evergreen Forest, whtch cover 45% of
the regton's total land Many other vegetatIOn types also occur, but occupy relatively small areas
GAP analySIS results IndIcate that 11 of the 17 major vegetatIOn types found m Central Amenca are
Inadequately represented In eXIstmg absolute protected areas, 1 e , less than 10% protection Four of
these vegetation types remam under-represented when extractive reserves are mcluded as
"protected" areas Proposed new protected areas and ecologtcal comdors could fill these
conservation "gaps" It was found, however, that the Mesoamencan Protected Areas Network, as
currently conceptualIzed, IS not adequately deSIgned because 1) one thrrd of the proposed protected
areas occur on agnculturalland, and 2) at least five vegetation types would be over protected (>50%
protection) whtle several other types would receIve less than 10% protectIon

It was found that eIght of the twenty-one ecoreglOns have small amounts of forest remaInIng
«40%) The five least forested ecoregtons are the PanamanIan Dry Forests Ecoregton, the BelIzean
Swamp Forests Ecoregton, the Central Amencan PaCIfic Dry Forests Ecoregton, the MISlatO PIne
Forests Ecoregton, and the BelIzean PIne Forests Ecoregton The Panamaman Dry Forests
Ecoregton has only about 8% of ItS ongtnal area remalmng

Twelve ecoregIOns are Inadequately represented, that IS, they have less than 10% of theIr area m
parks and reserves Of these, the Central Amencan Pine-Oak Forests Ecoregton, Panamaman Dry
Forests Ecoregton, Central Amencan Pme-Oak Forests EcoregIOn, and espeCIally the Motagua
Valley Thomscrub have less than 5% of theIr lands protected In the eXisting protected areas The
least protected ecoregIOns are the SIerra Madre MOISt Forests EcoregIOn and Chtapas DepreSSIOn
Dry Forests Ecoregton, WIth no protection m theIr Central Amencan extenSIOns However, the fact
that the Motagua Valley Thornscrub presents htgh endeffilsm and umqueness for the regIOn, makes It
the most Important ecoregtonal gap for Central Amenca In addItion, withtn the proposed
Mesoamencan Protected Area Systems, two ecoregtons, the SIerra Madre MOISt Forests EcoreglOn
and Panamaman Dry Forests, would remaIn under-represented
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The most Important gaps IdentIfied at the vegetation type level are TropIcal broadleaf
decIduous forest, trOPICal herbaceous wetlands, tropICal broadleaf Ineedleleaf evergreen forest and
tropIcal needleleaf evergreen woodland Although most of the vegetation types do not represent
gaps at the regIOnal level, some of them remaIn gaps at the national level Furthermore, the
representatIon of a vegetation type m the protected areas of one or two countnes does not mean that
all the potential speCIes associated to that vegetatIon type for Central Amenca are represented It IS
Important to keep In nnnd that the vegetation types are surrogates of speCIes

5

DevelopIng a sound, long-term conservation strategy based on a bIOlogICal corndor and
protected area system for the Central Amencan regIOn In the face of clashIng econonnc, SOCIal, and
pohtIcalissues IS a challenge The follOWIng recommendatIOns emerge from the gap analysIs results
of the present study The mere Interest of such recommendatIons IS to Improve bIOdIversIty
protectioll on a regIOnal scale The recommendations are dIrected to the Dlfeccion General
Amblental de SICA, the natIOnal protected areas mstitutIons, conservation NGOs and donors

• To consohdate and contmue workIng WIth the Central Amenca VegetatIOn Workmg Group
estabhshed by the present study The group compnses experts from each Central Amencan
country m a WIde vanety of fields TheIr dedIcatIOn and COmmItment as a team to Central
Amenca IS remarkable and exemplary Future analyses are gOIng to benefit sIgmficantly from
the partiCIpation of thIs group

• To fill the gaps The gaps at the ecoregIOnal and vegetatIon types level IdentIfied m the
present study must be filled In order to assure protection of representative samples of all the
dIfferent ecosystems of Central Amenca It IS cntical to fill the eXistIng conservatIOn gaps The
Direccion General Amblental of SICA (DGNSICA), should lead the effort to get to fill the
gaps at the regIOnal level RegIOnal projects such as PROARCNCAPAS playa lead role that
should be taken Into account

• To deSIgn and estabhsh an appropnate protected areas system In the Central Amencan regIOn
that seeks to adequately protect all umque vegetatIOn types PartIcular attentIon should be
given to those vegetatIOn types that are madequately represented under the eXistIng protected
areas RedeSIgn some eXIstmg protected areas, proVIde InstitutIOnal presence In paper parks
and estabhsh new protected areas where needed, are a few of the steps that could be followed to
address thIs recommendatIOn Perhaps thIs IS an actiVIty that the Mesoamencan BIOlogICal
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Corndor project could assume for the reglOnallevel The establIshment of strategic bIOlogical
comdors m places where gaps eXist IS cntIcal At the national level, government mstItutIOns,
NGOs and donors could work closely to address thIs SItuation

• To extend the present study by addIng InformatIon to the database of the different polygons
descnbed to generate the vegetatIon/landcover map ThIS could be accomplIsh by Usmg
satellite Images WIth better resolution (TM, LANDSAT), ground-truthmg the dIfferent polygons
used to generate the map, addmg new polygons to the database wIth up-to-date Information and
mcorporatmg specIes-level mformatIon The DueccI6n General Amblental of SICA
(DGAlSICA) should lead thIs effort smce It IS the regional entity WIth the mandate Presently,
there are dIfferent natIonal and regIOnal efforts mvolved m vegetatIon and forest cover mappmg
m Central Amenca CoordmatIon, standardIzatIOn when possIble and contmUIty of such efforts
IS hIghly needed PROARCA/CAPAS map and analysIs provIde the best structure and
framework presently avaIlable for Central Amenca ContmUIty of such effort should be hIgh
pnonty

• To estabhsh and Implement a long-term regIOnal conservatlon goal to protect a IDlmIDUm
percent (e g at least 10%), of all major vegetatIon types found WIthIn each ecoregIOn ThIs
IDlmmum percent should be revIewed at both regional and natIOnal levels SupervIsIOn of the
regIOnal level should be carned out by the DGAlSICA At the national level, the country
protected area mstltutIon should be responsIble for overseemg the standard

• To analyze the spatIal relatIOnshIps among eXIstlng vegetatlon, populatIon denSIty, land use,
mfrastructure, protected areas, bIOlOgical comdors, and others In order to achIeve thIs, It IS
cntIcal to have the mformatIOn In regIOnal datasets readily avadable for analySIS At the present
time most of the mformatIon does not eXist m dIgital format DGAlSICA should lead an effort
to make mformatIOn aVaIlable In dIgItal format New Imtlatlves (e g agreement DGA WIth
NASA), represent opportumties to make sIgmficant progress towards thIs goal

• To mclude representatIve freshwater as well as coastal and manne systems In future mappmg
efforts and gap analyses Freshwater bIodIversIty IS the most threatened bIOdIverSIty m the U S
(RIChter et al , 1997) and It IS reasonable to expect that the freshwater bIOdIverSIty of Central
Amenca IS also hIghly threatened and underrepresented In the case of coastal and manne
systems IS also reasonable to expect that they are under constant pressure and change In
Central Amenca there IS a good cadre of experts m the freshwater, coastal and manne fields
that should be mVIted to partICIpate m further analyses



A Conservatwn Assessment ojCentralAme1lcan VegetatLOn and EcoregLOns

Anderson, J R , E E Hardy, J T Roach, and R E Witmer 1976 A Land Use and Land Cover
ClassIficatIOn System for Use wIth Remote Sensor Data US GeologIcal Survey ProfessIOnal
Paper 964

Anleu, LV (ed) 1993 Evaluacion Ecoiogica Rapida de la Reserva de la Blosfera "SIerra de las
Mmas" Centro de Datos para la Conservacion - CECON, Guatemala CIty, Guatemala

ANCON 1995 Evaluacion Ecoiogica de la Cuenca HIdrografica del Canal de Panama ANCON
(Asociacion NaclOnal para la Conservacion de la Naturaleza), Panama CIty, Panama

APESA 1993 Evaluacion EcologlCa Rapida de la Reserva de la Blosfera Maya UnpublIshed
report.

BIOdIverSIty Support Program, ConservatIOn InternatIOnal, The Nature Conservancy, WildlIfe
ConservatIOn SocIety, World Resources Institute, World WildlIfe Fund 1995 For the U S Agency
for InternatIOnal Development, Washington, D C

Cmcco, S L, J M Scott, B Butterfield, and B CsutI 1995 A gap analySIS of the management
status of the vegetation of Idaho (USA) Conservation BIOlogy 9 498-511

DavIs, FW and D M Stoms 1996 SIerran vegetatIOn A GAP analySIS In SIerra Nevada
Ecosystem Project Fmal report to Congress, Vol II, chap 23 DaVIS Umversity of CalIfOrnIa,
Centers for Water and Wildland Resources

Dmerstem, E , D MOlson, D J Graham, A L Webster, S A Pnmm, M P Bookbmder and G
Ledec 1995 A ConservatIOn Assessment of the Terrestnal EcoregIOns of Latm Amenca and the
Canbbean The World Bank, Washington D C

Federal Geographic Data COmmIttee 1996 FGDC VegetatIOn ClaSSIfication and Information
Standards

Fundacion EcologiSta "Hector Rodngo Pastor Fasquelle" and The Nature Conservancy 1996 Una
Evaluacion Rapida del Parque NacIOnal el Cusuco y CordIllera del Merendon, Honduras The
Nature Conservancy, Arlmgton, VA

Holdndge, L R 1947 DetenmnatIon of world plant formatIOns from SImple clImatIC data SCIence
105(2727) 367-368

Iremonger, S and R Sayre 1994 A RapId EcolOgIcal Assessment of Bladen Nature Reserve,
BelIze The Nature Conservancy, ArlIngton, VA



A Conservatum Assessment ofCentral Amerzcan Vegetano12 and EcoreglOns

Janzen, D H 1983 Costa RIcan Natural HIstory Umversity of Cmcago Press Cmcago and
London

KeIster, R A , J M Scott, B Csub, R F Noss, B Butterfield, K Sahr, D Wlute 1996
Conservabon Pnonbzabon USIng GAP Data ConservatIOn BIology Vol 10 No 5 1332-1342

Loveland, T R , J W Merchant, J F Brown, D 0 ObIen, B CReed, P Olson and J Hutchmson
1995 Seasonal Land-Cover of the Umted States Annals of the AssoClabon of Amencan
Geographers 85(2) 339-355

Maldonado U , T ,J Bravo, G Castro S , Q Jimenez M ,0 Sabono, L Pamagua C 1995
Evaluacion EcologlCa Rapida Region del Tempisque, Guanacaste, Costa RIca FundaCIon
NeotroplCa, Costa RIca

Muchoney, D M, J Borak, H Y Cm, S H Fan, M Fnedl, S Gopal, J Hodges, X J LI, N
Morrow, A Strahler 1997 A Vegetabon and Landcover Class:tficabon and Map of Central
Amenca from Mulbtemporal NOAAAVHRR Satelhte Data A Report to PROARCAICAPAS
Project

Noss, R F 1987 From plant commumbes to landscapes In conservabon Inventones a look at The
Nature Conservancy (USA) BIOlOgical ConservatIOn 41 11-37

Noss, R F, and A Y Coopemder 1994 SavIng nature's legacy protectmg and restonng
bIOdIverSIty Defenders of WIldlIfe and Island Press, Wasmngton, D C

RIchter, B D , D P Braun, M A Mendelson, L L Master 1997 Threats to Impenled Freshwater
Fauna Conservation BIOlogy Vol 11 No 51081-1093

Scott, J M , F DaVIS, B Csuti, R Noss, B Butterfield, C Groves, H Anderson, S Cmcco, F
D'Ercma, T C Edeards Jr, J Ulhman, and R G Wnght 1993 Gap analySIS A geographIc
approach to protection of bIOlogICal dIverSIty WildlIfe Monographs 123 1-41

SobrevIla, S and P Bath 1993 Evaluacion EcologlCa Rapida The Nature Conservancy,
ArlIngton, VA

Soule, M E and M A SanJayan 1998 Conservabon Targets Do they help? SCIence Vol
2792060-2061

The Nature Conservancy 1997 DesIgmng a Geography of Hope Gmdehnes for EcoregIon­
Based Conservabon In The Nature Conservancy The Nature Conservancy, ArlIngton, VA
World Conservabon Momtonng Centre 1992 Global BIOdIverSIty Status of the Earth's LIvmg
Resources Chapman & Hall, London, U K



A ConservatlOn Assessment ofCentral Amencan VegetatlOn and Ecoregwns

A DIstributIOn and ProtectIOn Status of Remammg VegetatIon Types WIthin Each of the Seven
Central Amencan Countries

Figure Ala Current Vegetation/Land Cover of Panama
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Figure Alb Protection status of Vegetation/Land Cover In Panama

~---_.. --
T

"- \

~!-- '.JJ'__

.."s

if,..---------------~-------
(1N
,~

~-------------~~'--------

10

80---

90---

100-----------~--------------------

I I

2 3 4 5 6 7 8 9 1a 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Vegetation/land Cover Type* 3ti

*Note Numbers refer to vegetation types listed In Table 2



A Conservatwn Assessment ofCentral Amencan Vegetatwn and EcoreglOns

Figure A2a Current Vegetation/Land Cover of Nicaragua

50000

40000

-.
'"E 30000~.....,

0
~«

20000

10000

o
2 3 4 5 6 7 8 9 1a 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Vegetation/Land Cover Type"'

Figure A2b Protection status of Vegetation/Land Cover In Nicaragua
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FIgure A3a Current Vegetation/Land Cover of Honduras
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Figure A4a Current Vegetation/Land Cover of Guatemala
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Figure A5a Current VegetatlonlLand Cover of Costa RIco
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Figure A5b Protection status of Vegetation/Land Cover In Costa RIco
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Figure A6a Current Vegetation/Land Cover of EI Salvador
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Figure A7a Current Vegetation/Land Cover of Belize
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B Central Amencan VegetatIon WorkIng Group Members and Workshop PartIcipants

Roberto Alvarez, MARENA, NIcaragua
Cesar Castaiieda, Defensores de la Naturaleza, Guatemala
Ml1ton Camacho, MARENA, NIcaragua
Melissa Connor, Wildlife ConservatiOn SOCIety, USA
Jose Courrau, PROARCNCAPAS, TNC
Enck Delgado, ANAM, Panama
Noreen FaIrweather, MImstry of Natural Resources, Belize
Arnold Jacques, MARENA, NIcaragua
XIaoJun LI, TNC, USA
Doug Muchoney, Boston UmversIty, USA
Tracy Parker, USAID, Guatemala
George Powell, WCS, Costa Rica
DemIs Ramos, ANAM, Panama
Carlos Rodriguez, CCAD, Guatemala
Ricardo Soto, Umversidad de Costa Rica
Cnst6bal Vasquez, COHDEFOR, Honduras
Mano VelIz, Herbano BIGUA, Guatemala
Raul VI1lacorta, Jardin Botamco La Laguna

C Glossary

AVHRR The Advanced Very High ResolutIOn RadIOmeter (AVHRR) IS a broad-band, four or
five channel (dependmg on the model) scanner, sensmg m the VISIble, near-mfrared, and
thermal mfrared portIOns of the electromagnetic spectrum ThIs sensor IS carned on NOAA's
Polar OrbItmg EnVIronmental SatellItes (POES), begInnmg WIth TIROS-N m 1978

GAP A speCIes or commurnty under represented m the eXIstmg protected area network A
mIssmg component m a strategy to conserve bIOdIversIty

GAP analySIS The generalIzed techrnque of creatmg GIS data sets of vanous bIOlogICal factors,
and overlaymg them to Identify cntIcal components and Important areas under represented m
the current network of protected areas

GIS GeographIc InformatIOn System (GIS) A dIgItal system of geographIcally referenced
spatially expliCIt data The system IS deSIgned for collecting, stonng, retnevmg, and analyzmg
spatIal data
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Forest Woody vegetation at least 6 m tall (usually much taller) wIth a fairly contInUOUS and
complete (two-thuds or greater) canopy closure

Herbaceous wetland Vegetated areas charactenzed by emergent herbaceous aquatIc plants,
excludIng mosses and lIchens, e g , freshwater march

Woodland Open stands of trees at least 6 m tall, wIth crowns often not mterlockmg, tree
canopy dIscontinuous (often clumped), averagmg between two-thIrds and 40% overall cover,
shrub layer often poorly developed or present only In gaps m the canopy

Savanna MOSaiC of trees or shrubs and grassland, between 40% and 10% cover by trees and
shrubs

Scrub/Shrub land Vegetated areas dOmInated by woody plants less than 6 m tall

Grassland HabItat dOmInated by non-woody plants known as herbs (mcludmg grammOlds,
forbs and ferns), trees and shrubs very WIdely scattered, If present

DecIduous vegetatIOn Vegetation where the leaves drop In response to an annual unfavorable
season

Evergreen vegetatIOn VegetatIOn WIth 75% or more of the plants haVIng leaves all year
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