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Foreword

Biodiversity knows no borders. Thisis particularly true
for the small and highly interconnected countries of the
Mesoamerican land bridge between North and South
America that stretches from Guatemala and Belize in
the north, through El Salvador, Honduras, Nicaragua,
Costa Rica, and finally to Panamain the south.

Ecologists have long recognized that to understand,
monitor, conserve, and sustainably use the biodiversity
resources of Central America, these resources must be
approached and studied from aregional perspective. This
has become even more pressingin the context of the shared
vision of conservation and rural development represented
by the Mesoamerican Biologica Corridor (MBC), andin
implementing regiona approaches to environment issues
under the guidance of the Comisién Centroamericana de
Ambiente y Desarrollo (CCAD), which represents al the
environmental ministries of the region.

Until now, no detailed portrait has been avail able of
the status and distribution of the ecosystems of Central
America. Rough overall deforestation figures have been
calculated, but we did not know of the full complexity
of ecosystems and their distribution, where the major
threatswere, and how well represented different ecosys-
tems were in Central America s protected areas.

From 1999 to early 2001, under the auspices and
general coordination of CCAD and the World Bank,
collaborating governmental and nongovernmental
environmental institutions of the CCAD member coun-
tries completed a new ecosystems map to meet these
challenges. In each country a national team of biolo-
gistsand supporting specialistsworked over atwo-year
period to map their ecosystems. The lead biologists of
the national teams participated in aprocess of synchro-
nized production and harmonization of production meth-
odologiesunder theoverall direction of the World Bank.
The national biologists were complemented by a team
of international specialists.

The primary objective of the mapping project was
to map and describe the present distribution of eco-
systemsin Central America. Thisinformationiscriti-
cal to establishing a modern baseline of the status
and location of the region’s biodiversity, and will be
the basis for national and regional biological moni-
toring programs. Thisinformation will also allow the

Vii

region to move toward the geographical definition of
the MBC and will assist the countries in planning
long-term land use.

The mapsand data collected by the Central American
experts will need to be studied in detail and corrected
and improved as necessary, and regional collaboration
will be essential for mounting a coherent monitoring
strategy and maintaining the regional integrity of the
map. However a glance at the map reveals two obvious
conclusions:

a) The Mesoamerican Biological Corridor is more
than a concept: from the viewpoint of a discern-
ing observer high above the earth, real corridors
of natural habitat still stretch from southern
Mexico to Colombia, even though they are pre-
carious and fragmented in many areas. Thisreaf-
firms the importance of Mesoamerica as one of
the world’s most important biological hotspots
and as a biological highway between North and
South America.

b) Thethreat to the MBC isserious and itsfutureis
precarious. The pace at which natural habitats
have been converted in the past few decades is
astonishing. The map shows that at least half of
the Central American Isthmus has already been
substantially modified by humans. These “gray
areas’ contain, at best, only tiny and unconnected
patchesof natural habitats. Theregionisstill beset
by serious poverty and underdevel opment and the
population is expected to double in the next 20
to 30 years. Central Americanswill face an enor-
mous challenge conserving healthy and viable ar-
easthat are representative of their biological and
natural resources heritage. The concept of the
MBC itself, combining the needs of both
development and conservation, isahighly prom-
ising response to this challenge.

John Redwood, Director
Environmentally and Socially Sustainable Development
Latin America and the Caribbean Regional Office
The World Bank






1. Introduction and Objectives

Although now interrupted in places and under relentless
pressure from the agricultural frontier, essentially intact
strips of natural habitat still remain linking Mexico to
Colombia. These strips of natural habitat, considered
within the framework of a collective determination to
ensure their conservation and sustainable use as part of
an overall strategy of rural development, are referred to
as the Mesoamerican Biological Corridor (MBC).!

Conserving the biological and sociocultural riches
of these areas while promoting sustainable use and
development has become a priority for all the Central
American countries as well as the global community.
The concept of the MBC has been embraced by the heads
of state of the Central American countries, endorsed by
various intergovernmental treaties and organizations,
and has become a central orientation of environmental
and development policies of each of the countries
involved.

Originally the MBC was a cooperative effort of the
seven countries from Belize to Panama, but now it isgen-
erally recognized asal so embracing five of Mexico’ ssouth-
ern states and the department of Choco in Colombia.

The Comision Centroamericana de Ambiente y
Desarrollo (CCAD—the Central American Commission
on Environment and Development), which represents
the environment ministries of all the countries of Cen-
tral America, playsacritical rolein developing, coordi-
nating, and promoting the MBC. In addition,
innumerable other bilateral and multilateral organiza-
tions, donors, the Global Environment Facility (GEF),
nongovernmental organizations (NGOs), community-
based organizations, governmental organizations, and
other stakeholders all contribute in important ways to
the consolidation of the MBC.

To achieve the goal of consolidating the MBC, a
better understanding was needed of the nature and
current extent of the region’ s great wealth of biological
diversity. Thus originated the determination to produce
the region’ sfirst detailed assessment of its ecosystems.

1.1 Objectives of the Mapping Project

Inspired by the framework of the MBC, the primary ob-
jective of the mapping project was to map and describe
the ecosystems of Mesoamerica (Belize, Guatemala, El
Salvador, Honduras, Nicaragua, Costa Rica, and
Panama) using a comprehensive, regionally endorsed,
classification system.? The map and associated data

represent a 199799 baseline for the region and form
the foundation for a regional monitoring program of
changesin natural habitat.

Some of the key benefits expected are:

® Input to thegeographical delineation of the MBC;

® Inputsfor national conservation and rural devel-
opment strategies;

® Prioritization of protected areas (through gap
analyses) given that our ecosystems are a proxy
for unique sets of animal and plant communities
and ecological processes;

® Assessment of the conservation value of pro-
tected aress,

® Creation of abaselinefor further ecological stud-
ies and biodiversity monitoring, particularly in
the context of global warming;

® Better information for environmental impact
assessments; and

® Enhanced understanding of the region’s ecology
on the part of nationa and international scientists.

1.2 Availability of Our Data

All dataand information produced in the context of this
project have been made publicly available. The follow-
ing digital information can be accessed from the World
Bank web site for environmental projects in Central
America (http://www.worldbank.org/ca-env):?

® ArcView shapefilesby country and an integrated
file for the region. The files and metadata are
graciously hosted by Earth Resources Observa-
tion Systems (EROS) Data Center of the USGS;

® Database files by country and an integrated
regional database;

® AdobeAcrobat PDF files of thisfinal report and
its annexes;

® Additional associated reports;

® Printablefiles of the national maps (at a scale of
1:250,000);

1. For more information on the MBC refer to the web site of the
GEF/CCAD Regional MBC Project (http://www.biomeso.net/).
2. Islands more than 100 kilometers from the mainland are not
included on the map.

3. SeedsotheWICE web sitefor additional related filesat http:/
/birdlist.org/cam/central_america.htm.
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® Reduced resolution printable PowerPoint files
of theindividual sheets of theintegrated regional
map;

® Processed files of remote satellite imagery
(through the EROS site) available at cost; and

® Many additional methodological documents.

Theoriginal geographicinformation system (GIS) filesfor
each country belong to and are maintained by each coun-
try. These are available in most countries on CDs distrib-
uted by the participating institutions. Effortsare underway
to agreeonacommon regional datarepository for themaps
and databases as they are corrected and refined.



2. Methodology

Figure 1 presents a schematic overview of the methodol-
ogy of the Ecosystem Mapping Project. Four principal the-
matic areas are outlined: (a) team development and
coordination, (b) development of the methodology, () data
collection, and (d) dataprocessing. Thefollowing sections
describe the approach adopted in each of these areas.

2.1 Team Development and Coordination

Selection of International and National
Specialists

The mapping project was executed by national teamsin
each of the participating countries, with coordination and
assistance from an international team. At an early stage
a Technical Coordinator (\VVreugdenhil) was selected, as
well as ateam of international scientists with extensive
experiencein vegetation mapping and use of geographic
information system (GIS) applications and remote sens-
ing. They arelisted at the front of thisreport.

I'n each country, authoritiesfor biodiversity conser-
vation and/or mapping were contacted and they provided
important support to the project throughout itsduration.
Many of these authoritiesarelisted in Table 1.

Production options were discussed with the national
authorities, andin each country collaborating scientistsfrom
national universities or other institutions were contacted.
International bidding/contracting for alead firm was car-
ried out in Guatemala and Panama, strengthened with na-
tional lead botanistsand theinternational support team. In
all other countries, national teams were established, each

consisting of national scientistssupported by asmall team
of international scientists. The lead scientists of the na-
tional teams are listed on pageiv of thisreport.

Training and Coordination Events

A number of exchanges were needed between al partici-
pantsto decide on the methodol ogy and to exchange expe-
riences during the course of thework. In addition, oncea
method and approach had been decided, all the participat-
ing scientists needed to be trained in the methodol ogy, in-
terpretation, and handling of remotely sensed images, use
of GIS applications, etc. In total, about 20 national scien-
tistsand government official sparticipated inintensivetrain-
ing sessions and many more in the various meetings and
workshops that were organized.

The Ecosystem Mapping Project involved five prin-
cipal workshops/training sessions during the course of
the mapping process. The dates and topics of those ses-
sion are listed in Table 2.

Regional harmonization and compatibility between
thedifferent national efforts hasbeen attained through a
variety of mechanisms:

¢ Joint training;

® Coordination through frequent visits by the
Technical Coordinator (Vreugdenhil) to each of
the participating countries;

® Promotion by the World Bank and CCAD of
intercountry coordination at various political,
technical, and institutional levels,

Table 1. Collaborating Authorities from Government and Other Institutions

Country Officer Collaborating institutions
Belize Noreen Fairweather Land Information Center
Joy Grant Programme for Belize
Guatemala Francisco Lopez Instituto Nacional de Bosques (INAB) / Comision Nacional de Biodiversidad
El Salvador Francisco Delgado Ministerio de Ambiente y Recursos Naturales (MARN)
Honduras VictorArchaga AFE/COHDEFOR
RicardoArias Proyecto de Administracion de Areas Rurales (PAAR) (World Bank project)
Eduardo Canales PROBAP (World Bank GEF project)
Sergio Midence Proyecto de Administracion de Areas Rurales (PAAR)
Nicaragua Leonardo Chavez Ministerio del Ambiente y los Recursos Naturales (MARENA)
Garcia Cantarero Atlantic Biological Corridor (ABC) (World Bank GEF project)
Victor Cedefio ABC
Costa Rica Damaris Garita Ministerio del Ambiente y Energia (MINAE)
Luis Diego Gémez Organization of Tropical Studies (OTS)
Panama Ivan Valdespino CBMAP/ANAM (World Bank GEF project)

Gina Castro

CBMAP/ANAM
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Table 2. Preparatory and Harmonization Workshops

Methodology 5

Dates Site Topics Results
March Shepherdstown, Preparatory retreat for revision Workplan; methodological proposal for April
15-18,1999 West Virginia, of methodological options and 1999 workshop

United States projectexecution

Apr. 26-28,1999  Organization for
Tropical Studies

(OTS), La Selva,

Selection of methodology with the
lead members of the country teams
and the representatives of govern-

Agreement on application of the
UNESCO classification method

Training on classification methodology, image
interpretation, use of database

Costa Rica mental institutions for biodiversity
May 25- OTS, Las Cruces, Training course for lead specialists
June 2, 1999 Costa Rica of country teams
Sep. 28, 1999 Guatemala City, SICA-CCAD/World Bank

Guatemala

“International Workshop on the

Endorsement of methodology by
sponsoring institutions and SICA-CCAD

Central America Ecosystems Map”

Nov. 19-25,2000 CATIE, Turrialba,

Pre-preparation of transborder

Draft final integrated map

Approval of final nomenclature, resolution

Costa Rica integration with one scientist per
country
Nov. 29- Managua, Final revision of integrated map
Dec 1, 2000 Nicaragua

of transborder issues, formation of vegetation
working group

® Creation of across-country classificationintegra-
tion table;

® Organization of afinal integration workshop; and

® Preparation of ecosystem descriptions.

2.2 Development of Ecosystem
Classification Methodology

Overview of Classification Systems

Various classification schemes have been used to de-
scribe natural habitat units:

a) Ecoregions

b) Life zones system of Holdridge

¢) Florigtic classification systems

d) Physiognomic and physiognomic/floristic clas-
sification systems

e) Combined physiognomic/ecological classifica-
tion systems (such as the UNESCO system).

In the Central America mapping project, amodified ver-
sion of the UNESCO system was used. Before explain-
ing it morein detail, we look at some of the advantages
and disadvantages of other approaches and their usein
Central America

Ecoregions

Ecoregionsrepresent atypology of natural habitat units
most appropriate for continental scales of about
1:5,000,000 or greater. A joint WWF/World Bank study
(Dinerstein et al. 1995) on conservation prioritiesin Latin
America and the Caribbean defined an ecoregion as:

A geographically distinct assemblage of natu-
ral communities that share alarge majority of
their species, ecological dynamics, and simi-
lar environmental conditions and whose eco-
logical interactions are critical for their
long-term persistence.

In the 1995 study, 21 ecoregions were defined for Cen-
tral America. This map has subsequently been revised
somewhat and a book with a new map and descriptions
of each of the ecoregions is forthcoming from WWF.

This definition of anecoregion closely resemblesour
working definition of an ecosystem but differs dramati-
cally inthe scale at which isit defined. The ecoregions of
Latin American and the Caribbean were mapped at ascale
of about 1:10,000,000, which is helpful for conservation
planning at continental scales, but isnot asufficient level
of detail for conservation and planning purposesat thena-
tional or local scale. By contrast, the Central American
Ecosystem Map is at a scale of 1:250,000.

The life zones classification system of Holdridge

In Latin America, the description of terrestrial ecologi-
cal formations has been overwhelmingly based on the
life zones classification system of Holdridgeet al. (1971)
and Holdridge (1978). Itsuse hastraditionally been, and
continuesto be, soimportant in Central Americathat we
describe it in some detail here.

This method assumes that vegetation classes vary
as a function of certain climatic and atitudinal gradi-
ents. It is critical therefore to note that the Holdridge
system is predictive rather than descriptive, unlike al
other classification systems described here.
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Holdridge affirmsthat aglobal system of life zones
can be established on the basis of precipitation and tem-
perature. Heworkswith the concept of “biotemperature,”
which takes into account the optimal temperature range
for plants. Another temperature factor he takesinto con-
sideration isthe decreaseintemperature with theincrease
of elevation, which isabout 6° C for every 1,000 meters.
A third factor he takes into consideration is evapotrans-
piration, for which he developed his own formula.
Holdridge then associated atypical vegetation typewith
the different life zones he determined from precipita-
tion, biotemperature, altitude, and evapotranspiration.

When it was developed, the Holdridge life zones
method offered an interesting solution for habitat differ-
entiation at a time when aerial photographs (very ex-
pensive, often almost impossible to obtain, or militarily
classified) were scarce and satellite imagery was very
coarse or not yet availableto the public. His system also
offered the advantage of allowing life zonesto be deter-
mined using data widely and cheaply available from
simple weather stations (but at the same time thiswas a
disadvantage for those areas without such stations).

However, the Holdridge life zone maps are predic-
tive for natural communities; they don’t inform the user
about the presence or absence of a natural community
type, its actual appearance (physiognomy) as observed
inthefield, or itsreplacement by an anthropic system. It
does not take into consideration major dynamic change
factors such asfire or drainage.

In the 1970s, life zone maps were made for most of
the countries of Central America, with between 8 and 19
classes per country. The delineation of those classeswas
coarse given the limited quantity and poor quality of the
underlying data. Subsequent attempts by vegetation
ecologistsin Central Americato generate more detailed
maps using the Holdridge system have generaly failed
(Paul House, pers. comm., 2001).

Floristic classification systems

Floristic classification systemsrely on species composi-
tion or speciesgroups, rather than physiognomic patterns
of the dominant species. Patterns of succession, distur-
bance, history (including paleoecology), and natural com-
munities are better assessed through floristic composition
than physiognomy (Glenn-Lewin and van der Maarel
1992). The most systematic vegetation classificationsthat
have been developed are that of the Zirich-Montpellier
or Braun-Blanquet system and the association/habitat
type system of Daubenmire. Each of these systems uses
abasicfloristic unit called the association, defined as“a
plant community type of definite floristic composition,
uniform habitat conditions and uniform physiognomy.”

Braun-Blanquet (1928, cited in Moravec 1993) defined
the association as “a plant community characterized by
definite floristic and sociological (organizational) fea-
tures which shows, by the presence of character-species
(exclusive, selective, and preferential), a certain inde-
pendence.” Plant associations that share diagnostic spe-
cies are grouped into higher floristic units called
alliances, orders, and classes (see Pignatti et al. 1995).
“Character species’ are based on the concept of fidelity:
the degree to which a species is limited to a definite
association (or to other floristic types higher or lower in
the hierarchical taxonomy). Character species and oth-
ersof high constancy (that is, those present in at least 60
percent of the stands), along with ecological and geo-
graphical considerations, help to define an association.

Floristic methods can reveal local and regional pat-
terns of vegetation. However, they rely onintensivefield
sampling and detailed knowledge of the flora, both of
which are a problem in the poorly known but species-
richtropics. It also requires substantial quantitative analy-
sis of stand data to determine the diagnostic species
groups. Theuse of diagnostic speciesworkswell in tem-
perate climates and nonforest habitats in the tropics
(Cleef, pers comm., 2000), but in tropical forests, the
system tends to be difficult to use.

Physiognomic and physiognomic/floristic systems

Ecosystemsor natural habitat units can be defined solely
on their physiognomy (their physical structure or ap-
pearance). The physiognomic approach assumes that
each specific life form reflects a strategy that has been
selected under ecological pressures, and that the com-
position of life forms in a vegetation type is governed
by these strategies (Whittaker 1975; Dansereau et a.
1966). Since physiognomic attributes are highly influ-
enced by dominant species, recognition of a physiog-
nomi ¢ assemblage depends on the coexistence of species
inagiven area(Bourgeron and Engelking 1994). These
coexisting species can be classified further by floristic
methods. These have been little used in Central America
and have the disadvantage of being unfamiliar to local
ecologists. They a so havethe drawback of insufficiently
capturing or estimating information on biological di-
versity and ecological processes.

Several attempts have been made to combine physi-
ognomic and floristic systems. Several studies (Rubel
1930; Whittaker 1962; Westhoff 1967; Webb et al. 1970;
Beard 1973; Werger and Sprangers 1982; Taylor 1959
in Nicaragua; Grossman et a. 1998) have found good
correspondence between floristic and physiognomic clas-
sifications of the same vegetation. Lauer (in the 19505)
did a classification of vegetation forms in El Salvador



based on physiognomic and climatic criteria. In Central
America, Wright et a. (1959) developed a physiogno-
mic/floristic vegetation classification for Belize.

The United States National Classification System
(USNCYS) is noteworthy in that it combines a physiog-
nomic approach with afloristic approach. A major draw-
back of the USNCS is that it has only been used at a
fairly detailed scale in the United States (Grossman et
al. 1998) athough the PROARCA/TNC map of Central
America, produced at a scale of 1:1,000,000, is officially
based on the USNCS.

The UNESCO physiognomic/ecological
classification system

In 1974 Mueller-Dombois and Ellenberg developed “A
Tentative Physiognomic—Ecological Classification of
Plant Formations of the Earth” on behalf of UNESCO. It
ishereafter referred to asthe “UNESCO system” (seethe
World Bank web site for a digital version of the original
publication). It describes the aboveground or underwater
vegetation structures and cover as observed in the field,
described as “plant life form.” This classification is fun-
damentally a species-independent, physiognomic, hier-
archical vegetation classification system that also takes
into account ecological factors such as climate, eleva-
tion, hydric regimes, human influences (such as grazing),
and survival strategies (such as seasonality).

The different levels of the classification hierarchy
are distinguished by different symbols:

I, 1, etc. = Formation class

A, B, etc. = Formationsubclass
1, 2, etc. = Formation group

a, b, etc. = Formation

(1), (2), etc. = Subformation

(&), (b), etc. = Further subdivisions

The formation classes in the UNESCO hierarchy
are the following:

I. Closed Forests. Formed by trees at least 5
meterstall with their crownsinterlocking, cov-
ering 65 percent of the sky or more.

II. Woodlands. Open stands of trees formed by
trees at least 5 meters tall, with most of their
crowns not touching each other, but covering
at least 30 percent of the sky.

I11. Scrub. Shrublandsor thickets, mainly composed
of woody phanerophytes (bushesor small trees)
between 0.5 and 5 meters tall. Crowns may or
may not touch, but cover at least 30 percent of
thesky.
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IV. Dwarf-Scrub and Related Communities. Rarely
exceeding 50 centimetersin height (sometimes
called heaths or heath-like formations.)

V. Terrestrial Herbaceous Communities. Grasses,
graminoid and other herbaceous plantsare pre-
dominant in the cover. Woody plants (trees or
shrubs) may be present, but cover no morethan
30 percent. (Within this category, savannas,
steppes, or prairies are described. It isimpor-
tant to note that those classes do not refer to
geomorphological conditions. Savannasor prai-
ries may be on flat, hilly, or steep terrains.)

VI. Deserts and Other Scarcely Vegetated Areas.
Baremineral soil or rocks determine the aspect.
Plants are scattered or may be absent
(subdeserts are included in formation classes
I to V);

.Aguatic Plant Formations. Nonmarine forma-
tions composed of rooted and/or floating plants
that endure or need water covering the soil con-
stantly or at most times of the year.

\

These seven formation classes cover all the ecosystems
on Earth except open water and frozen ecosystems (the
authors of the UNESCO system suggest using a geo-
morphological classification for desertswithout vegeta-
tion but they do not elaborate such asystem).

Thesubdivisions of the UNESCO system below the
level of formation class vary considerably in how they
are defined. Depending on the general habitat type, sub-
divisionsmay bebased on purely physiognomicfeatures,
ecological processessuch asflooding, or takeinto account
altitudinal or climatic conditions. This flexibility of the
UNESCO system alowed its original authorsto design a
system that reflected the varying relative importance of
different factors in different types of ecosystems, recog-
nizing that ataxonomy of ecosystems cannot rigidly con-
sider onefactor to be moreimportant than another.

Over the past decades, The UNESCO classification
has proved to be easily applied in the field and it has
been used on all continentsand for vegetation classes of
all climates. The system isintuitive and can be readily
learned even by relatively inexperienced biologists be-
cause no taxonomic knowledgeisrequired. It issuitable
for the interpretation of aerial photographs, and more
recently it has turned out to be well adapted to working
with remotely imaged satellite photos.

Puig et a. (1981) produced a bioclimatic vegeta-
tion map of South Americacombiningthe UNESCO clas-
sification with climatic data. The map, based on 600
images of Landsat 1 and 2, was probably the first major
attemptin Latin Americato use satelliteimagery for veg-
etation mapping.
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The UNESCO classification system is well known
in Central America. The first national UNESCO-based
physiognomic vegetation map intheregion wasmadein
1986 for Costa Rica by Gémez (19863a).

Another major use of the UNESCO classification
was the ecosystems map for Belize. It was produced
with joint financing from IDB and USAID in coopera-
tion with the Programme for Belize (Iremonger and
Brokaw 1995). It was also the first map in the region
that made an attempt to integrate aquatic ecosystems
in a UNESCO-type classification. The Belize map was
followed by the ecosystems map for Honduras (Iremonger
1997), financed through a World Bank creqlit.

It should be noted however, that Iremonger and
Brokaw (1995) and Iremonger (1997) used a very lib-
eral interpretation of the UNESCO system whose no-
menclature was adapted for their needs.

Adaptation of the UNESCO Classification
to Central America

Giventhestrengthsand weaknesses of thedifferent classi-
fication systemsavailable, and particularly given the strong
prior experience of the Central American experts with the
UNESCO system, the latter was chosen for this mapping
project. This decision wastaken during the project’ s Gua-
temala workshop in September 1999 to finalize a method-
ological approach. It was unanimously endorsed by the
representativesof all seven participating countries.

However, a number of modifications were made to
the system and additional modifications and changes
were made over the course of the next two yearsto adapt
the system to Central America (hereafter described as
the “Central American UNESCO Classification”). All
changes and modificationswere proposed and discussed
intheworkshops bringing together theinternational spe-
cialists and representatives from all countries.

Under the Central American UNESCO classifica-
tion an ecosystemisdefined as arelatively homogenous
unit (distinguishableat our working scale of 1: 250,000)
of interacting organisms, ecological processes, and geo-
physical elements such as soil, climate, and water re-
gime. An ecosystemisprincipally defined by the physical
appearance and structure (physiognomy) of its domi-
nant plant speciesand al so by its predominant ecol ogi-
cal processes such asfire, flooding, or grazing.

Thusdefined, an ecosystemisbelievedtobeaproxy
for arelatively homogenous and unique community of
species and allows the use of our data to approximate
the information that one might obtain from comprehen-
sive faunal and floristic inventories.

The following text and Annex 1 (the legend to the
Central American Ecosystems Map) describe the major
elements of our classification.

Although no such formal decision was ever made
and transmitted to the country teams, formation class |
(Woodlands) was not used by any of the country teams.
Obviously there are areas of habitat that have a forest
cover less than 65 percent (the cut-off for formation I,
Closed Forests) and greater than 30 percent (cut-off for
formation V, Savannas) but these were considered to ex-
ist only as narrow, poorly defined transtion zones not
mappablein their own right, too small to be mapped, or
were mapped asanthropically intervened closed forests.
Further field work may identify naturally occuring, well-
defined, formation I woodlands. We consider alikely can-
didate to be oak formationsin rocky submontane areas.

Descriptions were made for each of the recognized
ecosystem classes. Theseare presented in“ Descripciones
de los Ecosistemas de America Central,” published
seperately from this report and available only in Span-
ish. We consider these descriptions to be a work in
progress and expect them to be refined and improved in
the future. Subdivisions are mentioned within such
classes. The descriptions combine information from the
database, professional knowledge of the participating
specidlists, and ample literature review. After review of
the forms, the lead scientists in each country were per-
sonally interviewed by the final report team, while the
interviewer cross-checked information from other coun-
tries and literature with the interviewed scientists. The
acquired information was combined into new descrip-
tion forms.

Special attention was paid to aquatic ecosystems.
For aguatic ecosystems, zool ogical information isof cru-
cial importance, as it is the most visible part of open
water systems. A few aquatic ecosystems, too small for
mapping at the scale of 1:250,000, have been described as
well, even though they may not actually appear onthe map.

Climatic conditions

Important aslocal climatic conditions are, the UNESCO
classification system only considersbroad climatic zones
like “tropical” and “temperate,” with all Central Ameri-
can ecosystems defined as “tropical.” However, the
UNESCO system indirectly takes into account local cli-
matic conditionsthrough their effect on the physiogno-
mic life form.

In addition, the UNESCO system includes altitude
terms, which are effective proxies for climatic condi-
tionsbecause of the strong relationship between altitude
and climate. As we have seen previously in the text on
the Holdridge System, ecological conditions vary mark-
edly with changesin elevation. Precipitation and humidity
usually increase with elevation, though drainage is al-
most always good in the steep mountains of Central
America. Furthermore, in regions with humidity deficits



at lower elevationsthereisusually achangein degree of
seasonality as elevations increase, from deciduous or
semi-deciduousto evergreen.

Other conditionsthat change with increased eleva-
tion are: lower atmospheric density; increased direct so-
lar radiation, particularly ultraviol et (which may beoffset
by increased cloudiness); stronger winds; and fewer so-
lar hours because of increased cloud cover. Theseeleva-
tion-related conditions require survival strategies such
as increased tolerance to low temperatures, protective
layerstoreduce ultraviol et exposure, and dwarf lifeforms
to protect against wind and seasonal desiccation.

The original UNESCO system defined the follow-
ing altitudinal descriptors: Lowland, Submontane, Mon-
tane, Subalpine, and Cloud. However it did not define
specific atitude rangesfor them becausetherangesvary
by geographic region. The local climatic conditions in
the mountainous regions of Central America are com-
plex, and for the ecosystem classifications of the current
map we needed to create a new zonation adapted spe-
cificaly to Central America. Furthermore, the Atlantic
and the Pacific regions vary somewhat in their climatic
conditions, with the Atlantic region usually being cooler
and wetter at any given altitude. Based on the personal
experience of one member of the project team (Gémez),
we agreed during the Las Cruces, Costa Ricaworkshop
to adopt the altitudinal descriptors shown in Table 3.
These probably need to be validated through further
research.

Designating an area as being in the Atlantic or Pa-
cific slopeis sometimes arbitrary. The differencesin zo-
nation defined by slope orientation can often be observed
on individual mountain ranges irrespective of their ac-
tual distance from the coast. The situation is even more
complicated in Guatemala and Honduras, where there
are blocks of inland mountains. The distinctions are
clearest in CostaRicaand Panama, whereboth the coun-
tries and the mountain ranges are relatively narrow.

Table 3. Elevation Criteria for Ecosystem Classes

Elevation (meters)

Altitudinal descriptors Atlantic Pacific
slope slope

Lowland 0-500 0-700
(Tierras bajas)

Submontane 500-1,000 700-1,200
(Submontano)

Lowermontane 1,000-1,500 1,200-1,800
(Montanoinferior)

Upper montane 1,500-2,000 1,800-2,300
(Montanosuperior)

Altimontane > 2,000 > 2,300
(Altimontano)
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Seasonal change in the phenology of communities

A seasonal changein phenology is caused by partial or
full shedding of foliage and by withering or other changes
inthe herbaceouslayer. Seasonality may also result from
prolonged seasonal flooding.

These changes are considered adaptations to cli-
matic conditions of seasonal low temperatures or
drought. Seasonal leaf shedding is considered a very
important ecological phenomenon. Not only does it re-
quire that species be tolerant to dryer conditions, but
organisms in a defoliated forest are also more exposed
to direct solar radiation and higher temperatures.

Sets of species that can cope with such seasonal
variation are different from those that live under con-
tinuously moist conditions. Speciesthat can survivethese
conditionsadapt mechanismsto get through thedry sea-
son, such asone-year life cycles, surviving underground
tissues, seasonal hiding, and epidermal or skin desicca-
tion protection.

The criteria mentioned in the UNESCO system for
“seasonal evergreen tropical forests” are (a) bud pro-
tection and (b) partial foliage reduction during the dry
season, often as partial shedding. Bud protection, typi-
cally an element of cold seasonality, was not the most
visible characteristic of seasonal evergreen tropical
forestsin our region. In Central America seasonality is
drought related, thereforetree speciesin seasonal ever-
green tropical forests are often more drought resis-
tant than thosein nonseasonal tropical forestsand they
have adaptations such ashairy or leathery leaves and
smaller leaf sizes (see also Gomez 1986b). There may
be atendency toward increased leaf shedding, but the
overall aspect remains foliated throughout the season
and thischaracteristic wasnot easily used asacriterion
to classify seasonal forests. During the course of our
field work it was noted, however, that seasonal forests
could often beidentified by withering of the herbaceous

layer.
Leaf/plant morphology

The main categories recognized by UNESCO are broad-
leaved, needle-leaved, microphyllous, palmate,
bambusoid, graminoid, and phorbs. Predominant |eaf
morphology gives some information about ecological
conditions, particularly in the context of other data. For
example, needle-leaved forests are usually more fire
resistant, and may give some indication of frequent
burning. Species composition differs widely among
broad-leaved, needle-leaved, microphyllous, and pal-
mate forests. Most of thetime, tropical forests are com-
posed of amix of trees of diverse leaf types, something
not clearly reflected in the UNESCO classes.
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Reflecting its temperate origins and economic ori-
entation, the Central American forestry sector tradition-
ally has distinguished between forests that are
broad-leaved, needle-leaved, and mixed. The term
“mixed” isnormally reserved for mixed stands of broad-
leaved and needle-leaved trees and does not take into
consideration mixed stands of other leaf morphology
categories. The UNESCO system followsthistradition,
whichisrather unfortunate because stands of other mixes
of leaf morphology categoriesabound in thetropics (for
example, broad-leaved/palmate, broad-leaved/
graminoid, palmate/graminoid, broad-leaved/
bambusoid, etc.). To maintain consistency with the
widely accepted UNESCO system, the present study
used the same definitions, but afuture rethinking of cat-
egories may be desirable.

Drainage

Drainage is referred to frequently in the UNESCO sys-
tem. For soil organisms and plants, poor drainage and
flooded conditions require sophisticated mechanismsfor
gas exchange, escape from saturated or flooded condi-
tions, or some form of seasonal dormancy. A huge vari-
ety of aquatic and semiaguatic organisms are adapted to
seasonally flooded or poorly drained habitats.

In general, drainage was considered to be good in
hilly or mountainous terrain and moderate in flat but
noninundated terrain. Water-logged and flooded condi-
tions were recorded in accordance with field observa-
tions and expert knowledge. At our working scale of
1:250,000 we have applied labels to large areas, so of
course within areas classified as “well drained” there
could also be poorly drained or swampy patches.

Thesituationismore complicated in areaswith little
or no inclination, which are mostly found in the low-
lands. Some areas, in spite of the lack of inclination,
should still be considered “well drained” when the soil
type is appropriate. “Moderately drained” areas are oc-
casionally wet or even waterlogged, but not flooded.

Many ecologists distinguish between swamps
(woody communities) and marshes (herbaceous com-
munities). Unfortunately the UNESCO system does not
differentiate well between the two, and the terms swamp
and marsh are both used for woody and herbaceousfor-
mations. Future revision of the use of thesetermsin the
UNESCO system would be desirable.

In general, the Central American UNESCO classi-
ficationisabit more specific on drainagethan the origi-
nal UNESCO classification. For nonflooded forests, we
added “ moderately drained” asadistinction from “well-
drained,” but at the lowest level of the hierarchy. The
origina authors of the UNESCO system intentionally
built in the flexibility to allow this kind of adaption.

Soils

At ascale of 1:250,000 soil classes can only be coarsely
distinguished, so they contribute little information that
isnot implicitly defined by other ecological factors such
asdrainage and plant physiognomy. Therefore, asarule
the UNESCO classes are not expanded for soil classes.
However, there are afew broad soil typesthat are known
to be accompanied by specific sets or subsets of species
and which can be vauable in an ecosystem classification.

Theorigin of soils sometimes givesan indication of
their fertility. In Central America soils that originated
from limestone (such as in karstic areas) and volcanic
activity are usually more fertile than soils derived from
other geologic formations. In principle, calcareous soils
arerelatively nutrient rich, chemically basic, well drained,
and sometimes shallow. Such soils may contain differ-
ent species sets from oxisols—deep, weathered, acidic
soilstypical of tropical rain forests. However, in the hu-
mid tropics weathering, leaching, and humus accumula-
tion may strongly neutralize the effects of the original
material. Generally we found that calcareous soils or
rocks provided a sufficient basis for distinguishing dis-
tinct ecosystems. Therefore, calcareous soils are a dis-
tinguishing criterion in several classes as well as “ poor
or sandy soils’ in one classin Belize.

Another important soil formation is peat. Often
formed with sphagnhum, peat formations usually contain
very different species setsthat are tolerant of prolonged
inundation, low nutrient availability, and high acidity.
On the border of Costa Ricaand Panamathere are some
very interesting “tall sedge swamps’ with sphagnum. The
peat formation is not explicit in the nomenclature but it
is mentioned in the descriptions.

Several other soil formations—such asrecent sandy
soils, certain clay formations, and recent vol canic soils—
may be promising as ecosystem classindicators. These
were not used on the current map but could be worth
including in arevised map or an extension of the map to
afiner scale.

Salinity

Communities with elevated levels of salinity are listed
separately. These exist primarily, but not exclusively, in
coastal environments. Species resistant to elevated salt
conditions are relatively scarce and many grow exclu-
sively under saline conditions. In the humid tropics
woody life forms dominate saline coastal environments,
with mangroves being the most common formations.
Saline savanna types are less common. Examples of
classes we defined in which salinity is particularly im-
portant are “ salt meadow poor in succulents’ (VE1a(2))
and “marine salt marsh rich in succulents’ (VEl1a(1)).



Unvegetated areas

Bareland surface conditionsarerarein Central America,
but we have included classifications for “ scarcely veg-
etated lavaflow” and “ scarcely vegetated scree” infor-
mation class VI. The original UNESCO classification
did not explicitly subdivide formation VI into deserts
and scarcely vegetated areas. |n addition, scarcely veg-
etated areas al so occur as extended bare mudflatsin the
southern part of the Golfo de Fonseca and on a smaller
scalein Azueroin Panama Weidentified these areasas
“salt meadows poor in succulents,” except when we
didn’t map them because they were intertidal or too
small. Marine rocks and nonvegetated islets were clas-
sified in this formation class as “scarcely vegetated
marine rocks’ (V1Ae).

Natural ecosystems versus productive systems

This map in principle deals with natural ecosystems.
However, virtually all natural habitatsin Central America
are occupied by or used by people to some extent and it
isoften difficult to distinguish between natural habitats
and converted habitats.

The UNESCO system is designed to be used for
both natural and intervened vegetation structures. It does
not explicitly distinguish natural habitat from human in-
tervened habitats. One may perfectly describean oil palm
plantation in Honduras with a UNESCO code. Given
our intention that the ecosystem map be useful for
biodiversity conservation purposes, weonly used our sys-
tem to define natural habitats. However, at the lowest
(most detailed) level of the classification hierarchy we
did incorporate descriptors to provide information on
the relative degree of human intervention.

We originally started with “natural” versus “modi-
fied,” but feedback from field use led us to recognize
three classes of disturbance for modified ecosystems,
with classonerepresenting theleast intervention. These
classes are detailed in the “Central American Ecosys-
tems Monitoring Database Manual” (available on the
World Bank web site). For field relevés this degree of
detail is feasible, but for the mapping we reduced the
levelsof interventionto moderately intervened” (which
correspondsto class 1 from themanual), and “intervened”
(which correspondsto classes 2 and 3).

The classification of anthropogenic influenceis
very complex and bound to be subjective. For example,
much of the coastal plains of Belize and the M osquitia
in Honduras and Nicaragua are burned every few
yearsif not annually. This suppresses forest growth
to some degree, but with little or no grazing in these
areasthevegetation hasastrong natural appearance
and reestablishesitself spontaneously after the fires.
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Such cases suggest adesignation of class 1interven-
tion, while in areas with moderate grazing class 2
seemsmore appropriate. Many spontaneously seeded
Caribbean Pine stands in Belize and the Mosquitia
are managed as production forests through thinning
and selective logging. Still, these forests maintain
well-developed shrub and vegetation covers and
mai ntain distinct natural characteristics. Under such
conditions class 3 might seem appropriate. The national
experts followed broad guidelines from the database
manual to classify the degree of intervention, but there
may be variation from country to country in interpret-
ing and applying the termsto specific cases.

Aquatic Ecosystems

Although the UNESCO system is usually considered to
predominantly cover terrestrial formations, it does in-
clude vegetated aquatic ecosystems. Within formation
classes |-VI terms such as “flooded,” “riparian,” and
“waterlogged,” are used to describe ecosystemsthat are
wet or covered with water on a periodic or temporary
basis, or even constantly in the case of certain swamp
formations. These ecosystemsincludebogs, flushes, salt
marshes, flood savannas, sedge swamps, and numerous
other variations.

In addition, formation classVII, Aquatic Plant For-
mations, encompasses systemsin whichwater coversthe
soils constantly or at most times of theyear. Thisforma-
tion classincludes five formation subclasses:

Floating meadows

Reed swamps

Rooted floating-leaf communities
Rooted underwater communities*
Free-floating freshwater communities

Each of these formations has a distinct set of spe-
ciesthat usually occupies different niches of an aquatic
system depending on water clarity, depth, flow velocity,
etc. Several formations may occur within a short dis-
tance of each other, andin many casesthey are not map-
pable at a scale of 1:250,000.

The project team considered a variety of existing
classification systems (including Gomez 1984, 1986c;
Green et a. 2000) but finally we determined that the
original UNESCO system categories were adequate to
describe aguati c ecosystemswith adistinguishableveg-
etation cover above or under the water surface. We did
however add information at the end of the class for flo-
ristic and/or geographic detail.

4. In this category we include marine seagrass and algae beds.
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Open Water Formations (VIII)

Open water ecosystemswithout asubstantial vegetation
cover are the only formation in Central America not
encompassed by the UNESCO system. Therefore we
created formation class V111, “ Open Water Formations.”
Open water formations are predominantly covered by
water and have less than 10 percent of their area cov-
ered by emergent, floating, or submerged vegetation. In
thelegend, theformation classV 11 ecosystemsare coded
as“SA” for “sistemaaguatica,” but these should eventu-
aly be recoded as VIII.

In developing criteriato usewithin thisclassto fur-
ther distinguish ecosystem types, we determined that
salinity wasthe most important characteristic. Most ma-
rine species are separated from limnic (freshwater) spe-
ciesmerely by higher concentrations of salt. Some species
are adapted to switching back and forth between saline
and freshwater systems. However, the species sets for
limnic, brackish, and marine systems are for the most
part clearly distinct and therefore the degree of salinity
isconsidered the single most distinctivefactor for aquatic
ecosystems. In the new formation class, the proposed
subclassesare:

Limnic (freshwater) ecosystems

Brackish ecosystems

Marineecosystems

Saline lakes and closed seas (absent in Central
America)

Limnic or freshwater systems

These are inland systems, typically rivers, lakes, and
swamps. Wooded swamps usually fall under formations
[, V, or VII. Lakes often have fringes of emerged vegeta-
tion that are classified under formationsV or VII.

Limnic open water systems lack major areas of
aquatic vegetation that would allow their classification
under the UNESCO system. It is possible that in the fu-
ture, fish distribution patterns could provide informa-
tion to distinguish open water ecosystem classes (seethe
recommendations in Section 5).

Brackish systems

This subclass includes estuaries—aquatic systems of
varying salinity that usually are highly dynamic. Estuar-
iesoften have high sedimentation, low transparency, and
low species diversity, but high organic productivity. In
Central Americamost estuarine mud banks are covered
with mangroves (IA5). If the bare mud flats are exten-
sive enough, they would be classifed under category
VIB3, “Bare intertidal mud flats.”

A distinction was made on our map between semi-
closed and open estuaries. In retrospect however, there
is perhaps no clear ecological reason for maintaining
thisdistinction.

Marine ecosystems

In the context of this work, marine habitats (that is, ar-
eas that are below the tidal line and permanently under
water) are split into littoral systems (to a depth of 50
meters) and pelagic systems (deeper than 50 meters).>
As the term is traditionally used, littoral systems also
encompasstidal zones, which may include beaches, salt
marshes, and mangroves—habitats we place under
classesV to VII.

Within the littoral zone, sea floors may be rocky,
silty, sandy, or gravelly. Whilethese characteristics could
be used as classification criteria, we did not use them at
the 1:250,000 scale of this study. Some areas will have
greater than 10 percent vegetation coverage and there-
fore would not be included in class VIII (although in
practice, most are so small they cannot be mapped ex-
cept at fine scales). In particular, areas of sea grass are
classified by us as VIID2a, “ Submerged marine fixed
forbs.” Sessile marine macroalgae often occur among
corals (athough they are usually much less important
than coralsin coverage) and at times may be important
enough to be mapped as VIID2b, “Submerged marine
fixed macroalgae” (perhapsfurther distinctionswill even-
tually be needed to reflect relative presence of coral in
theseecosystems).

Sometimes, extended water bottoms may be cov-
ered with algae. This may occur in both fresh and ma-
rinewatersaswell asintidal zones. However, often such
conditions are seasonal and short-lived. Particularly in
temperate climates, such algae may become buoyant,
free-floating vegetation. In marine areas these could be
mapped as VIID2c, “Submerged marine fixed
microalgae.” Marine algae growth is often considered
an indication of environmental stress, and like “coral
bleaching” it could function asan important sign of eco-
systemhealth.

In the course of the mapping project, coral forma-
tionswere considered and research was undertaken but
ultimately they were not mapped, except in Belize. This
was partially due to an uncertainty about our method-
ological approach and partially dueto the limited avail-
ability of specialists from the region at the time.

5. At depths greater than 50 meters, biological diversity rapidly
decreases. Thisdepthisalso avery practical dividing line for the
purposes of the ecomapping project becauseit is often marked on
bathyometric maps and is about the maximum depth that scuba
divers can descend without specialized equipment.



However, these ecosystems are vital and inseparable
partsof the biodiversity of the region and of each coun-
try where they occur. We strongly urge that this be re-
visited in future mapping efforts (see recommendations
in Section 5).

2.3 Data Collection
Acquisition of Satellite Imagery

Ecosystem (or vegetation) mapping has always de-
pended on abird’ seye view of the landscape. Until the
end of the 1980s, vegetation mapping was almost ex-
clusively done on thebasis of aerial photographstaken
at a90-degree angle from an airplane. Rarely were aerial
photographs taken for the purpose of vegetation map-
ping; usually vegetation mapping projects depended on
existing photographs taken for topographic mapping
and/or military purposes. Thisdependency limited veg-
etation mapping because the material was often old or
classified.

Aerial photographsarethe most accurate overhead
imagery” for ecosystem mapping. They can visualize
vegetation structure better. Typical characteristics like
tree cover, plant morphology, and plant distribution can
best be seen from aerial photographs. With the use of a
stereoscope, it is possibleto view the structuresin ste-
reo and even measure canopy height and directly iden-
tify some species. They can betaken as black-and-white
photosor as color photos, theformer being sharper and
the latter showing additional color-based information.

Theinterpretation of color photographsis, however,
extremely labor intensive. Their acquisitionisvery costly
and in some regions practically impossible because of
extremely frequent cloud cover, as in the Talamanca
Mountains and the Darién. Obtaining complete recent
sets for seven countries would be close to impossible
because of the cost involved and the organizational re-
quirements to completely photograph the territory of
these seven different countries from an airplane. The
interpretation of the photographs would have required
several years. Thisapproachisbeing used very success-
fully in Costa Rica by INBio for the 1:50,000 scale
ECOMAPAS initiative, but it will take many years to
map the whole country.

Serious vegetation mapping from satellite images
did not become a practical option until reasonably fine-
scaled panchromatic images became widely availablein
thelate 1980s. Panchromatic satelliteimages do not show
actual structure (physiognomy), rather they show differ-
encesin geomorphologic structure and mosai ¢ structure
between vegetation types, which allowsfor physiogno-
mic interpretation and distribution of recognized habi-
tats. Freely available AVHRR images are panchromatic
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and may be used for delineating forested areas, however
their spatial resolution istoo coarse for the level of de-
tail envisioned by this mapping project. They may be a
useful complement to other imagery for the purpose of
analyzing seasonality, but that has not been tried during
this project.

In Central America, Landsat thematic mapper (TM)
images are the most commonly used data source for
mapping large areas. The Landsat satellites circle the
Earth in predefined, numbered paths and take overlap-
ping photographsthat can be used to create amosaic of
satelliteimages. In traditional photographsthe focused
light activates photosensitive chemicals that color the
film. The finer the grain of those chemicals, the sharper
the pictures one can take. Similarly, satellites take digi-
tal “photographs” by registering the sunlight reflected
by the surface of the Earth onto afine raster of blocks,
or pixels. To facilitate more diverse interpretation pos-
sibilities, the light is recorded simultaneously in seven
different bands, thus creating seven “ photographs” with
different spectral reflection characteristics for a single
“scene” inthe Landsat grid. Separating the reflected sun-
light makes it possible to distinguish color variations
that would go unnoticed in a regular picture based on
mixed-pattern light. Images prepared with band combi-
nation 4, 5, 3, strongly enhancetherecognition of woody
formations, which are shown in different shades of
brown, while herbaceousformationsare shown in shades
of green; scarcely covered soils (plowed fields) may
show in bluish shades or bevery dark (lavastreamsand
bare rocks).

During the previous mapping projects for Belize
and Honduras at the chosen target resolution of
1:250,000, the imagery of the Landsat 5 TM, with a
pixel size of 30 meters by 30 meters, proved to have the
right detail for a reasonable compromise between ac-
ceptable ecological accuracy and the required produc-
tion time of about one year. Landsat 7 TM imagery
actually allows for mapping at a scale of 1:100,000
(Carignan, pers. comm., 1999). However, given bud-
getary and timerestrictions, together with the availabil-
ity of many additional paper maps at the scale of
1:250,000, we felt that choosing a level of detail that
differsso greatly from existing topographic maps of the
region would put the project at risk.

In term of cost, the Landsat 5 TM images had a
major advantage: as a contribution to disaster relief the
USGS had already made a set of images available that
covered Belize, Guatemala, El Salvador, Honduras, and
Nicaragua. Thisconsiderably reduced the purchase costs
of the imagery. For Costa Rica and Panama some
images were provided by the governments and some
from the private collection of D. Muchoney. Where nec-
essary we purchased additional images. We used the
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following criteriato evaluate whether to use the images
provided:

¢ Date of theimage

® Spatial and spectral resolution

* Location accuracy

* Atmospheric conditions (clouds, haze)

Ultimately we needed to purchase only about one-
quarter of the 39 images required to cover Central
America. Given the cost-free availability of most of the
images, and the satisfactory results obtained using the
Landsat 5 TM in previous mapping projects, other im-
age products, such as SPOT, were not taken into con-
sideration.

Laser satellite images are not based on light
reflection, and therefore are not hindered by cloud
cover. They show differencesin elevation and sharp
demarcations of deforestation can be recognized.
Because they are not light-based they can’t show
reflected colors, which is a major limitation. Laser
satelliteimages with aresolution of 5 meters or more
are not yet known to actually show sufficient vegeta-
tion structure, but laser images taken from an airplane,
have been prepared by NASA to show individual tree
structure. The CCAD/NASA project is experiment-
ing with such images but imagery of thisnatureis not
yet available for the entire region. At the time of the
initiation of the project, these materials were still
highly experimental, and therefore not considered

although thistechnology seems promising.

For Belize, Guatemala, El Salvador, Honduras, and
Panama, the imagery was processed in band combina-
tion 4, 5, 3, which allows for the strongest contrast be-
tween forested land (shades of orange-brown) and
nonforested |and (shades of green). In retrospect, we con-
sider thisto have been the most useful approach, although
at therequest of thelead scientistsin Nicaraguaand Costa
Rica band combination 5, 4, 3 (mostly shades of green)
was mainly used for those countries.

Green et a. (2000) conclude that satellite imagery
is not well suited to detailed mapping of aquatic habi-
tats, noting that satelliteimagery ismore appropriate for
studying reef geomorphol ogy than reef biology. The com-
bined spatial and spectral resolutions of satellite sensors
werenot capableof reliably distinguishing between many
habitatsthat had ahigh degree of similarity (Bray-Curtis
Similarity, 60-80 percent). This was borne out by the
high variability in accuracy associated with individual
habitat classes. The poor separability of spectrarendered
the supervised classification unable to assign pixelsto
appropriate habitat classesand resulted inlargeand vari-
able allocation errors. It must be kept in mind that map-
ping with fine descriptive resolution is an ambitious

objective: some biologically different reef habitats look
similar even to the field surveyor underwater and can
only be reliably distinguished by statistical analyses of
specieslists.

Acquisition of Auxiliary Data

I'n each country, themost relevant institutionswerevis-
ited for auxiliary information (Table 4). Various institu-
tions had useful digitized or paper map information, but
it proved very challenging to actually obtain thisinfor-
mation.

We acquired compl ete sets of topographic maps at
ascale of 1:250,000 in each country, except Costa Rica
where the scale was 1:200,000. In many countries full
or partial setswere acquired at a scale of 1:50,000. The
project acquired the aviation and navigation map sets
of the USGS at 1:500,000 for the entire region. These
materials were left with the participating institutions of
each country.

In principle, additional digital auxiliary informa-
tion is available from a variety of sources. Basic topo-
graphic data like roads, cities, national shorelines, etc.
may be obtained in digital format from the USGS (as a
Digital Elevation Model), as well as from national geo-
graphic institutions and some national GlSlaboratories.
However we found that the available Landsat imagery
and scanned topographic maps provided much better
precision, and therefore we used them instead. General
soil data from FAQO'’s global inventories in the 1970s
should be available for each country, but were not al-
waysfound.

Obviously, past vegetation mapping efforts, with or
without the use of remote sensing techniques, are very
relevant information sources as well. However, as valu-
able asthose data and maps are for providing a historic
perspective, in most cases they resulted from extrapol a-
tions of overland transects. Also, their level of detail
normally did not approach the level of the current map,
and seemingly equivalent systems from broad descrip-
tionsarelikely to incorporate several classes of the cur-
rent map, and therefore their distribution and size are
usually not comparable to the current map. Notable ex-
ceptions to all of the above are the natural vegetation
cover maps by Wright et a. (1959) and Gémez (1986),
which are highly detailed and are based on walkovers
and aerial photographs.

In addition, different sets of auxiliary data/maps
were used in each country based on availability and use-
fulness to the national teams in terms of incorporating
ecological or physical data as additional determinants
of ecosystems. I|n most countriestheseincluded precipi-
tation maps, temperature maps, geological maps, and
various soil maps.



Table 4. Institutions Consulted

Country Institution

Belize Forest Department

Programme for Belize

Land Information Center

WICE - Belize

Belize Environmental Consultancies

Wildlife Conservation Society biodiversity
database

Environmental, Social, and Technical
Assistance Project

Fisheries Department

Guatemala INAB
Instituto Geografico Nacional
Universidad de San Carlos

El Salvador MARN
Escuela de Biologia, Universidad de

El Salvador

Departamento de Areas Protegidas y
Vida Silvestre
Universidad Nacional Autbnoma

Honduras

Nicaragua Ministerio de Ambiente y Recursos Naturales
Instituto Nicaraguense de Estudios
Territoriales (INETER)

Universidad Centroamericana

Costa Rica For Costa Rica the project was an
updating of a mapping effort of
many years. In this context many
institutions have been consulted

over the years.

Panama Instituto Geogréfico Nacional Tommy
Guardia

Smithsonian Tropical Research Institute

Herbarium of the Biblioteca Simoén
Bolivar de la Universidad de Panama

Biblioteca de la Asociacion Nacional
para la Conservacion de la Naturaleza
(ANCON)

Autoridad Nacional del Ambiente (ANAM)

Autoridad del Canal de Panamé&

Library of the Empresa de Transmision
Eléctrica (ETESA)

Library of the Instituto Comemorativo
Gorgas

Library of the Departamento de Gestion
Ambiental de la Autoridad de la Region
Interoceanica (ARI)

International Training Center (ITC)

Netherlands Hugo de Vries Laboratory of the
University of Amsterdam

Library of the Agricultural University of
Wageningen

Library of the Faculty of Plant Systematics
of the University of Utrecht

United States Library of Conservation International
Library of the IUCN

Library of the WWF

Methodology 15

Selection and Adaptation of Boston
University Database

An ecosystem map presents sharply defined polygons
with authoritativelabels. However, any classification sys-
temisarbitrary inthe senseit reflectsall the biases of its
authorsaswell asall theimperfectionsand errorsinher-
ent to any map and to any classfication system.

It hasbeen convincingly argued by DouglasM uchoney
and othersthat in a sense, the most useful dataarein fact
not the maps but thefield datafor individual field verifica-
tion points. These dataconsist of fairly objective descrip-
tors of the ecological and physical characteristics of the
site. If these dataare appropriately defined, collected, and
stored, they should allow the user to in effect bypass the
need for a previously defined “ecosystem map” and in-
stead generateamap taking into account whatever charac-
teristics are of interest.

For this reason, use of a field data database was
considered to be an extremely important part of this
project. About 2,000 field datapointswere collected (see
below) and we believe that this database does in fact
constitute an extremely important underpinning of the
ecosystem map and, if maintained and expanded, it
should ultimately replace the need for a static map.

Incompatibility of data registration (classes used,
methods of data collection applied, etc.) isahuge prob-
lem in data exchange—much bigger than the problem
caused by incompatibility of the software used to store
thosedata. The project dedicated great effort to deciding
whichfieldinformation to collect. We started out with the
“STEP” design of the University of Boston (Muchoney et
al. 1998) and tested it extensively with the participating
scientists in the field. Renowned external international
scientists were consulted (Professor R.A.A. Oldeman,
Ph.D., University of Wageningen; Professor A. Cleef,
Ph.D., University of Amsterdam; and Dr. H. van Gils,
International Training Centre).

Feedback from almost all the participating and con-
sulted scientists ultimately resulted in modification of
the database. From the STEP model we maintained the
terrestrial landscape parametersfor analysisof high spa-
tial resolution remote sensing data (Landsat TM, MSS,
and SPOT) aswell as datafor regional and global char-
acterization using moderate resolution data such as
AVHRR, MODIS, and SPOT-Vegetation. For that pur-
pose, it includes many new fields for important ecologi-
cal, biogeophysical, and popul ation parametersthat can
be reliably measured or inferred from remote sensing,
collateral, and relevé data. Furthermore, the STEP
method provided the foundation for systematic field pa-
rameterization and GIS compatibility. The data set al-
lowed us to efficiently characterize any ecosystem
class—terrestrial or aguatic—within the region.
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Field Verification

Fieldwork is the heart of a mapping project. The
mapmaker must know and understand what isto be shown
on the map. For the current mapping project this knowl-
edge came from the many years of field experience of
each participating scientist. They were able to analyze
remotely sensed images and make avery reasonablefirst
assessment of the ecosystem typein the different parts
of the country. This allowed them to draw polygons on
the printed images or on the computer screen and clas-
sify them. It also required them to systematize their
knowledge, because it showed which areas they knew
well and which areas were virtually unknown.

Relevé selection

Theoretically, if one choosesthe field sitesor relevés at
random, eventually enough records will provide a sta-
tistically correct classification. However, fieldwork is
the most expensive and the most difficult activity to or-
ganize in an ecosystem mapping project. The random
sampling approach requires a great number of samples
of each polygon typeandin general isfar too expensive
and time consuming. Thisapproach wasfollowed by the
Honduranteam, butin all theother countriesthenational
teams chose to use a directed preselection of areas for
field visits.

In general, relevé samples were selected on the fol-
lowing criteria

¢ Insufficient expert knowledge of the region

¢ Doubt about the classification on theimage

* Representativity (preferably each recognized
classwasvisited at three different locations)

* |rregularities observed from the air

* Accessibility

¢ Opportunisn?f

* Timeand cost considerations (traveling by road
is usually much more economical than traveling
over water or by helicopter, and much faster than
traveling by foot)

Thedatacollected and on-site methodol ogy are de-
scribed in the Database Manual, available on the World
Bank web site. Both the size and the shape of therelevés
were designed for arelatively rapid field analysis. In all
the countries except Nicaragua we used a circle with a
25-meter radius (area of about 1,960 square meters). In
Nicaragua, 25-meter by 200-meter rectangular plots

6. For example, the Armed Forces of Honduras occasionally
offered helicopter transportation in exchange for the cost of the
fuel.

(5,000 square meters) were used. Surveyors were in-
structed to enter well inside the area that the polygon
represented, seeking conditions representative of that
polygon and of that ecosystem class. GPSreadingswere
taken with Garmin 12 GPS units without a base station
to correct theintentional errorsintroduced by NASA in
1990. Without correction of these errors, these unitshave
an accuracy of 100 meters in the open, although read-
ings taken at known positions were often more accu-
rate. In forests, readings are much less accurate or
impossible. When no reading was possible, one was
taken at the nearest clearing and from there positions
were estimated on foot.

Theteamswereinstructed to mostly focus onwoody
species and spend no more than two hours at arelevé.
Unknown tree species were sampled and identified af-
terwards, usually in anational herbarium. In the region
asawhole, several thousand sampleswere collected and
conserved in the national herbaria and in many cases
have resulted in range extensions and even some new
reports for some countries.

Field trips were undertaken in four-wheel-drive ve-
hicles. In Honduras and Nicaragua, areas of difficult
access were sampled from a helicopter and by boat.

Data registration

Paper field forms were developed so that the general
relevé datafits on one page, while the species informa-
tion fits on the back of the same page, thus keeping all
information together. This avoids the risk of later mix-
ing up the data.

Thefield form isthefield version or paper copy of
the database that stores the field observations system-
atically and alows for further analysis. The data of the
field forms are stored in a user-friendly Microsoft Ac-
cess database. The field form and the database can be
downloaded from “http://www.worldbank.org/ca-env”.
By formalizing the datain the database in harmony with
the GI S of the ecosystems map, users can use both data-
base and GI S software to extract information on sites of
particular interest. The datain the database can be used
without the GIS program.

Aerial surveys

Aerial surveysareanintegral part of the ecosystem map-
ping process. Flights were planned to cover all major
preidentified polygon classes, areas of difficult access,
and areas poorly known by the participating scientists.
Ineach country aerial surveyswerecarried out from small
fixed-wing aircraft, usually at an elevation of approxi-
mately 300 meters. Airspeed was usually between 175
and 210 kilometers per hour, depending on the plane



and the weather conditions. Whenever specific details
needed to be examined, the plane was taken to a lower
elevation.

Usually theflightswere carried out by thelead bota-
nists and the lead image analysts (often the same per-
son). The Technical Coordinator, Daan Vreugdenhil,
participated in several of the flights over each country
except Costa Rica and El Salvador. His participation in
flight programs of all but two of the participating coun-
triesallowed for standarization of the approach used be-
tween countries. Table 5 showsthetotal flight hoursand
lead participantsin each country. Not all surveyors par-
ticipated in all of the flightsin his’her country.

In most countries, oblique photographs weretaken
of sites of interest, but often iswas not possible to es-
tablish precise GPS positions from the plane. Usually
photographs were taken without GPS readings, and were
located on the topographic maps. In Panama the team
installed a video recorder in the back of the airplane,
which recorded the landscape sideways while taking
real-time GPS positions. This turned out to be an ex-
tremely useful method. Vegetation structure analysis
could beclearly visualized while playing the tapes back
on atelevision screen. Originally most teams thought
that performing verification flights from fixed-wing air-
planes would not be ideal, but after the program was
finished therewas general consensusthat thisisavery
realistic approach in which the benefits outweigh the
costs.

Table 5. Field Verification Flights

Total hours
of flight

Susan Iremonger 16
Jan Meerman
Daan Vreugdenhil

Country Lead participants

Belize

Cesar Castafieda 20
Juan José Castillo

Mauricio Castro

Daan Vreugdenhil

Guatemala

Radl Villacorta 5
Nohemi Ventura

El Salvador

Honduras Susan Iremonger 22
Daan Vreugdenhil

Carlos Serrato

Thelma Mejia

Cristobal Vasquez

Alain Meyrat 16
Daan Vreugdenhil
Alfredo Grijalva

Nicaragua

Costa Rica Luis Diego Gémez 8

Panama Maria Stapf 15
Boris Gbmez

Daan Vreugdenhil
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In Honduras and Nicaragua both helicopters and
fixed-wing planes were used in a combined effort of air
verification and logistics for relevé analysis in highly
inaccessiblelocations.

2.4 Data Processing
Preparation of Base Maps

Early in the project we decided to follow the scale of
each country’s intermediate-size topographic maps:
1:250,000 for Belize, Guatemala, El Salvador, Hondu-
ras, Nicaragua, and Panama, and 1:200,000 for Costa
Rica. Each country used their own national projection
standards, which differ from country to country.

Although basic georeferencing was originally pro-
vided for many images, in each country more precise
georeferencing was required for synchronization with
other images and the topographic maps. M etadata pro-
vided with the map files gives more detailed technical
information.

An additional set of imagery has been prepared in
Projection UTM, Zone 15, Elipsoide Clarke 1866, Da-
tum Nad 27, bands 4, 5, 3, so that advanced users can
project the entire map against a background of imagery
used in the project. Georeferencing consisted basically
of choosing reference pointsin the image (crossroads,
fixed river curves, and coastal rocks, etc.) and defining
a first-grade polynomial regression line for optimizing
the scene adjustment. Between 15 and 20 evenly dis-
tributed reference point were used for each scene.

Digitization of Polygons

Itispossibleto make mapsdirectly on acomputer screen
by precisely digitizing lines on top of an image. How-
ever, standard computer screensarestill relatively small
and don’t alow for a detailed view of an image in its
totality, which is often desirable for interpretation pur-
poses. An experienced image analyst can also havecom-
puter software distinguish between similarities in the
patterns of pixels and thus come up with a computer-
generated distinction of classes: a“supervised classifi-
cation.”

However, experienced vegetation analysts (van
Gils, pers. comm.; Iremonger 1997, and pers. comm.)
expressed their doubts about the accuracy of such a
method for detailed mapping. They feared that many
classes would show up in highly mixed, “pepper-and-
salt” mosaics, where human interpretation would still be
required to choose the shape of polygonsandtheir clas-
sification.” Supervised classification of ecosystems has
not been used in this project becauseit wasnot expected
to provide the required level of accuracy.
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The project has attempted to involve as broad a
group of scientistsas possiblefromthe universitiesand
institutions of the participating countries. It facilitated
the participation of both GIS and non-GI S trained sci-
entists by primarily working from satellite images
printed at a scale of 1:250,000 on 36-by-36-inch sheets.
At this size, several scientists could work at an image
simultaneously, thereby allowing joint analysis and
stimulating scientific dialogue and exchange of experi-
ences (without the barrier often posed by different lev-
els of computer skills between a GIS specialist and a
field biologist). The use of printed images has strongly
stimulated the interest and involvement of a multitude
of scientists. As people started to learn and appreciate
the use of images, their desire to become involved in
further computer analysisoftenincreased aswell. Some
participants have acquired on-screen mapping skills; a
few have also worked with supervised classification.
Nonetheless, the primary mapping exercise has taken
place on the basis of the analysis of printed imagesin-
volving field biologists, most of whom have more than
15 years of pertinent field experience. In El Salvador,
image analysis was done directly on-screen.

The acquired images allowed the identification of
more or less homogeneous|andscape patches, which can
be mapped as polygons on transparent material like
mylar paper or acetate. Mylar paper does not change
sizewith temperature, but ispoorly transparent. Acetate
ishighly transparent but expands with raising tempera-
ture. Temperatures rise while drawing with awarm hand
and when the image is analyzed with lamps from under
alight table. We found that the benefits of the higher
transparency of acetate outweighed the minor expan-
sion at higher temperatures. In Costa Ricain contrast,
mostly mylar paper was used. In many cases, the im-
ageswereilluminated both from overhead light and from
transparent light tabl es.

Some analystssuggest working directly on plastified
prints, but sincevariousimagesarereguired for theover-
lapping edges and topographic maps are required for
elevationlines, transparenciesare needed to transfer the
delineated polygons from one source (the image) to
another (the topographic and thematic maps). Working
directly onthe printed paper should be avoided because
it does not allow for erasing and correction.

More or less homogeneous units (polygons) were
drawn by hand on the acetates with the finest avail-
able markers (waterproof, alcohol dissoluble). For rea-
sons of scale (1:250,000) and legibility, areas smaller
than 150 hectares usually are not represented on the

7. “Polygons” are spatial map units with specified color and tex-
ture that differentiate them from adjacent map units.

final map. After the polygons were initially drawn on
the basis of the satellite imagery, additional ecosys-
tem polygons were identified and/or adjusted with the
help of auxiliary information, field analysis, and re-
connaissance flights.

After thehand-drawn acetate mapswerefinished they
weredigitized using various software programs. Final map
files were the produced through a reiterative process of
field visits, reconnaissance flights, and reexamination of
images, adaptationsto the Gl Sfiles on top of images, and
the hand-drawn acetate maps. Where necessary, fileswere
converted into ArcView shape files.

Integration into One Regional Map

Thefollowing section on theintegration of the data
into one regional map is based on text contributed by
Dr. Jeffrey Jones, Director of the GIS Laboratory of
CATIE.

The processing carried out in CATIE’s GIS Labo-
ratory was divided into four distinct activities:

1) Image importation and registration

2) Integration of country vector layers

3) Establishment of a common projection
4) Creation of the 1:250,000 map set

Image importation and registration

A set of qualifying images covering the Central Ameri-
can Isthmus was selected from the collection of 161 im-
ageson CD-ROM s provided by the project participants.
In some cases, an additional image was needed when
the onefor agiven areasuffered from cloud cover. Each
image was registered directly from topographic maps.
In many cases 1:50,000 scale topographic sheets from
the CATIE laboratory archives were used, and if these
were unavailable, 1:500,000 aeronautical navigation
chartsfor the region were used.

The purpose of thisactivity wastwofold. First, the
set of images was documented for the purpose of
making them availableto the Central American research
community for future mapping work. The second
objective of the image registration activity was the
creation of country image setsto be distributed with the
final Ecosystem Map product, on CD-ROM. For this
activity to be feasible, images were degraded to a
resolution of 240 meters per pixel, so the completed
mosaics were between 20MB and 80MB each. While
these degraded images lack resolution, they provide a
guide and backdrop for viewing the completed
ecosystem files, which hel psknowledgeabl eresearchers
orient themselves.



Table 6. GIS Software Programs Used

Country Image processing Digitizing
Belize ERDAS ArcView
Guatemala PCI ArcView
El Salvador ILWIS ILWIS

Honduras ERDAS Arcinfo
Nicaragua PCI, ERDAS ArcView
Costa Rica ILWIS ILWIS

Panama PCI ArcView

Integration of country vector layers

Because most national map files were handed over as
ArcView shapefiles, problems of data translation were
minimal. Only Costa Rica and El Salvador were origi-
nally digitized in ILWIS, but the file transformation
caused no problems. Problems with integrating the lay-
ers were of adifferent nature:

1) Coordinatinglegendsfromthedifferent countries

2) Converting semidocumented projections to a
common projection

3) Making borders compatiblein terms of national
limits and the continuity of vegetation

Coordinating legends

At the initiation of the project, before the involvement
of CATIE, all country teams agreed on a methodology
for describing ecosystems. This method was based on
the UNESCO classification. The UNESCO classifica-
tion, being a hierarchical system, allows the possibility
of adding categories as needed. However, as a result,
each country could introduce new categories of vegeta-
tion according to their own needs. Therefore, despite
considerable efforts to coordinate work between coun-
tries, each country map had anindependent legend. The
|egends had some common elements, but also had some
unique classes that were distinct from those of neigh-
boring countries. These issues were addressed at the
November 2000 meeting in Managua.

After November 2000, all country-specific editing
of legendswas donedirectly on theregional map. Poly-
gons were altered, codes were modified, and legend
categories were subdivided, but only on the regional
map. If a new category was developed for a specific
country, the original country map was not updated. This
is mentioned to explain the possibility of inconsisten-
ciesbetween the compl eted regional map, thefinal coun-
try maps derived from the regional map, and the national

maps.

Methodology 19

Converting semidocumented projections
to a common projection

In Central America, each country hasdeveloped itsown
official projection. These projections are officially pre-
sented on the cartographic map sets of each country.

In recent yearsthere have been changesin the car-
tographic systems of the countries, with the introduc-
tion of new map setswith slight variationsin projection
details. In most cases, the country teams insufficiently
documented the projections used.

Asaresult, the final adjustment and conversion of
the national ecosystem mapsto the regional projection,
and the coordination of national bordersin adjacent coun-
triesrequired acertain amount of research and testingto
achievethebest and most consistent fit of data. It should
be noted that the typical error encountered in these ad-
justments was between 200 and 500 meters, errors quite
typical of a 1:250,000 map set. While these valuesin a
broad sense were marginally acceptable on their own,
when juxtaposed with the adjacent country polygonsand
borders, the errors became quite visible.

Making borders compatible in terms of national
limits and the continuity of vegetation

Another challengeinvolvingintheintegration of the na-
tional maps was the creation of compatible/acceptable
border definitions. This problem has two elements: the
location of the border itself, and the continuity of veg-
etation patternsfrom one side of the border to the other.

In the case of thelocations of borders, final editing
wasdoneto resolve moreobviouserrors, whichin many
cases were simply questions of which year ariver edge
was marked as a border. For example, if a river mean-
der movedinitscourse, and the adjacent countries used
river edgesfrom different years, thenan“error” appeared
even though the actual location of the border wasclear.
In the case of Guatemala and Belize, sandbars appear-
ing in the Sarstun River were mapped as part of both
countries. In some countries, border disputes created

Table 7. Projections Used in Ecosystem Mapping

Country Projection

Belize UTM 16, NAD27 derived datum
Guatemala UTM 15, NAD27 derived datum
El Salvador Lambert, NAD27 derived datum
Honduras UTM 16, NAD27 derived datum
Nicaragua UTM 16, NAD27 derived datum
Costa Rica Lambert, Ocotepeque datum
Panama UTM 17, NAD27 derived datum
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areas where the definition of national boundaries was
problematic. The regional map of Central America was
used as an arbiter wherever possible, although in the
end asimpleline was often drawn indicative of the bor-
der zone.

It goes without saying that the zone of the indica-
tive border between countries has not been donein this
project with theintention of supporting one or the other
territorial claim, and does not indicate acceptance or
support by CATIE, CCAD, or the World Bank of any
specific claim.

Problems of discontinuities of vegetation arose due
to the use of images with cloud cover or images from
different dates in adjacent countries. Areas with cloud
cover are interpreted on the best available information
and the interpretation of the country team. Originaly,
the integration of vegetation boundaries along the bor-
ders was carried out in consultation between teams of
the concerned countries. The resulting integrated map
was printed by MARENA for a regional meeting in
Managua, Nicaragua, in November 2000, when the dif-
ferent country teams met to agree on consi stent bound-
ariesand polygon nomenclature. Oncethese corrections
were agreed on, theregional and national mapswere ed-
ited to reflect the changes.

Establishment of a common projection
for the Regional Ecosystems Map

The creation of the Regional Ecosystem Map required
us to confront a long-standing problem for the Central
American | sthmus and the process of Central American
integration. If the region is to be presented in a single
map, what map projection should be used?

Map projections are transformations of data from
the spherical earth to flat paper, a process that inevita-
bly introduces distortions. Selecting a map projection
depends on the objectives of thefinal map and an evalu-
ation of which particular distortion is most acceptable.
In the case of the Ecosystem Map, it was determined
that the most critical criterion for selection of the pro-
jectionisthat it be “equal area,” which isto say that it
minimizes distortion in areas between different parts of
the map. This characteristic would permit comparison
of the size of different ecosystemsbetween countriesto
determining how many hectares of each particular eco-
system existed, how many were protected, and in which
countries.

In October 2000 aformal request for input was cir-
culated to the heads of the geographic institutesin the

seven countries. A number of suggestions were made,
including the use of the projection defined by the
Instituto Panamericano de Geografia e Historia (IPGH)
in the recent regional map. Unfortunately, in the opin-
ion of the president of the Central American IPGH group
during the creation of the regional map, use of that pro-
jection without express permission of IPGH would not
beadvisable.

The projection finally selected was a Lambert Azi-
muthal, centered at 85° west longitude and 13° north
|atitude, in the geographic center of Central America(this
pointisactually inside Nicaragua). To maintain all coor-
dinates as positive, an offset of 5 million meterswasin-
corporated as afalse easting and afalse northing.

Creation of the 1:250,000 map set

The overall objective of the Central American Ecosys-
tem mapping project was the creation of aregiona map
at a scale of 1:250,000. Presentation of the full set of
maps on paper requires that the overall map be divided
into a set of individual maps.

Theinitial grid for creating theindividual mapswas
defined arbitrarily on the basis of the size of the final
output. The borders of the individual maps were then
adjusted to avoid including empty maps with tiny sliv-
ers of map data in a blank frame. The initial 1:250,000
grid included 56 map sheets, but with the careful ad-
justment of boundaries and elimination of superfluous
coverages, the map set wasreduced to 43 mapsasillus-
trated in Figure 2.

The completed map was then sectioned into rect-
angles corresponding to the 43 map sheets, inserted in
the documentation frame of the 1:250,000 set, and saved
toWindowsMetafileformat files. Thispermitselectronic
distribution of the full map set and avoids the cost of
reproducing full setsin caseswherethe user only wants
coverage of aparticular country. Theentireregional map
fileand the 43 separate map sheetsare available through
the World Bank web site (they are actually stored onthe
servers of EROS, courtesy of the USGS).

It should be noted however that theindividual map
sheets may not always be appropriate for exacting work
in individual countries. Since they are based on a re-
gional projection (asdescribed above), they are by defi-
nition in a different projection from any map used
nationally. This means, for example, that it would be
impossible to precisely overlay national topographic
maps. Todo so, it would be preferableto reproject parts
of the regional map using national projections.
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3. Results

The main results of the mapping project consist of:

* Regional consensus on an ecosystem classifica-
tionmethodol ogy.

* Processed and georeferenced satellite images
used in the course of the project.

* GIS vector files of the ecosystem maps of each
of the seven countries, aswell asaregional map,
with coordinated classification nomenclature.

* Ecosystem descriptions with good biological
background information.

* MS Access-based database with the field data
collected in the context of the project.

* Expansion of national herbariums with several
thousand herbarium specimens.

* Training of leading scientists from the ecological
sciencescommunity of each participating country.

* Final report in Spanish and English and a final
integrated map.

A total of 197 ecosystem classes have been recog-
nized in the context of this study (including agriculture
and urban). About 25 additional codes have been defined
using modifiersfor levelsof humanintervention, but these
donot represent distinct ecosystem classesper se.

3.1 Results by Country

Each country was mapped by aseperateteam, using slightly
different approaches, national standards, and preferences.
Thefollowing subsectionsreview somedistinctive results
for each country and differences between countries. Note
that where we refer to the national reports, these can be
found, perhapsin an abridged format, on the World Bank
or WICE web sites.

Belize

A comprehensive and detailed national report for Belize
was prepared by the Belizean team (Meerman and
Sabido 1991).

Earlier mapping

Two national vegetation maps already existed for Belize:
Wright et a. (1959), and Iremonger and Brokaw (1995).
The“Natural Vegetation Map” by Wright et a. wasavery
detailed effort to map all natural vegetation classes on a
scale of 1:250,000. The mapping was done on the basi s of

aeria photographsand extensive ground observation; the
map dealt with natural vegetation but did not cover pro-
ductive systems (areas with less than 50 percent natural
vegetation cover). Theclassification was mostly physiog-
nomic but contained some floristic elements.

Thelremonger and Brokaw vegetation map and clas-
sification system was based largely on the Wright map.
However, their map recognized deforested areaswith spon-
taneous regeneration of vegetation, and they also intro-
duced aliberal form of the UNESCO-based classification.
Iremonger and Brokaw each spent six weekstraveling the
country by land, and additional field verificationswere car-
ried out by other biologists. Thereisno quantitativeinfor-
mation on the field work carried out by Wright.

Both of these products formed the basis for the cur-
rent mapping project, and the team primarily focused on
reviewing and updating the Iremonger and Brokaw work.
Their classification was made compatible with the Central
American project, and known errors were corrected.

Level of effort by current team

Due to the small size of this country (22,963 square
kilometers), it was possible to map it in considerable de-
tail. Although the minimum polygon size for the overall
project was initially set at about 150 hectares, for Belize
the minimum si ze used was approximately 10 hectaresand
in afew caseseven smaller polygonswere created.

The main reference for the above-mentioned
corrections were two Landsat TM images covering the
northwestern and southernmost sections of Belize:

® Landsat TM Path 19, Row 49, 17 May 1996, in
Erdas v7.4 format

* Landsat TM Path 19, Row 48 (partia), 15 Sep-
tember 1998, in Erdas v7.4 format.

Initial work and work on areas not covered by the
above sceneswas done on the basis of a 1993 hardcopy
Landsat TM composite at a scale of 1:250,000 with
detailed follow-up field verification. This copy was
prepared by the Dutch consultancy group DHV, and is
composed of spectral bands 4, 5, 3.

In the context of this project, 38 additional field visits
were made, particularly to further clarify complex Belizean
lowland savannas. In addition, valuable datawere obtained
fromamultitude of reports. The project al so benefited from
data obtained from a considerable number of overflights
conducted by the various team members.
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The senior investigator in Belize (Meerman), iden-
tified the species he was familiar with in the field and
collected unknown species for |aboratory identification
for the Herbarium of the Belize Forest Department. Par-
ticular emphasis was given to savanna ecosystems and
some other classes that had received less attention dur-
ing the previous mapping exercises. Givenitslong map-
ping history, the Belize map is among the most detailed
maps in the region.

Ecosystem highlights

Ecosystem highlights were the lowland savannas, which
proved very complex and difficult to map satisfactorily
(particularly thetwo short-grasssavannaclasseswith vary-
ing cover of needle-leaved dense forests). These are vast
open grasslands, usually with compacted, moderately acid
soils, which arealternated with mosaicsof scrubs, isolated
trees, poorly developed forests, and gallery forests. Fire
playsavery prominent role. Unlike the other countries of
Central America, Belizelacks major elevations. In most of
the country the vegetati on shows apronounced seasonal -
ity, even in the evergreen forested areas. Thisisdueto a
dry season that lastsfrom February through May.

Guatemala

The Instituto Nacional de Bosques (INAB) has distrib-
uted on a CD the national ecosystems map aswell asa
detailed, high-quality national report (INAB 2001).

Level of effort by current team

Given the large size of the country (108,889 square
kilometers), the mapping was done in somewhat |ess
detail than in some other countries. Data collection in
Guatemal a has been very reliable with regard to species
sampling, since all dataweretaken by the senior investi-
gatorsthemselves, either in thefield or using their labo-
ratory facilities. However the physical ecosystem
descriptionswererather scanty and collection of physical
datafrom thefield needsto be strengthened in the future.

Ecosystem highlights

The largest remaining set of natural ecosystems in
Guatemala is found in Petén, the country’s northern-
most department. The Petén isan interesting ecosystem
complex consisting of very poorly drained, lowland
swamp forest with extended herbaceous swamps, alter-
nating with regions of karstic hills. Another interesting
area, although much intervened, is the Motagua Valley
which liesin awell-defined rain shadow, and thus dis-
plays semidesert characteristics. The resulting thorn

Table 8. Image Data Set Used for Guatemala

Path Row Date
21 48 01-19-99
21 49 01-19-99
21 50 01-19-99
20 48 01-12-99
04-14-86*
20 49 01-12-99
12-24-97
04-14-86
20 50 01-12-99
19 48 12-04-98
19 49 02-19-98
03-17-96
19 50 02-19-98
03-17-96

* Older images were used to substitute for some areas because of
cloudcover.

scrub ecosystem hasmany distinctive characteristicsand
endemic species, and isfound nowhere elseexcept on a
smaller scale in northern Honduras.

El Salvador

The national report was prepared by Ventura Centeno
et a. (1990).

Earlier mapping

The first vegetation maps of El Salvador were prepared
in the 1950s by L 6tschert and L auer, and were based on
climatic zonation. Guierloff-Emdem expanded the cli-
matic system with data obtained in the field. Holdridge
(1975) used the ecological life zone system to develop a
ecological map of El Salvador. Daugherty (1973) classi-
fied six main classes of forest, divided into forest forma-
tions of highlands and lowlands, but also included
nonforest vegetation types such as beach vegetation and
shrublands. Finally, Flores (1980) prepared a classifica-
tion based on 13 vegetation communitiesand listed typi-
cal plant speciesfor each of these.

El Salvador is the smallest country in Central
America (21,040 square kilometers) and included only
19 natural ecosystems classes. Although 26 percent of
the country is covered by fragments of natural (terres-
trial and aquatic) vegetation, much of it isin classifica-
tions of human-intervened vegetation. We estimate that
little morethan 6 percent of the vegetation cover isnatu-
ral forest. Because seminatural or even substantially al-
tered habitats are becoming increasingly important for
conservation, the Salvadoran team paid extra attention
to anthropogenic habitats and classified two seminatural
(intervened) ecosystemsand seven agricultural systems.



Table 9. Image Data Set Used for El Salvador

Path Row Date
18 50 3-5-94 and 12-29-98
18 51 12-29-98
19 50 5-1-92 and 12-4-98
19 51 1-2-98

For preparation of the map the El Salvador team
used eight georeferenced Landsat TM scenes:. four from
before Hurricane Mitch (May 1992 and March 1994)
and four from after (December 1998).

A very detailed level of effort was required to map
El Salvador’ shighly fragmented natural ecosystems, and
the country’ ssmall sizemadeit feasible. Asaresult, the
El Salvador ecosystemsmap ismore detailed than those
of neighboring countries. The level of reliability of all
taxonomic datagathered isconsidered high becausethey
were identified by the senior investigators themselves
in the field or collected as specimens for identification
in their laboratory facilities.

Ecosystem highlights

Due to the detailed mapping, the national team discov-
ered an interesting paramo-type vegetation with dwarf
shrubs on high volcanic slopes. No padramo vegetation
had previously been identified so far north. It is quite
possible that similar vegetation can be found on some
of the high peaksin Guatemala and Honduras, such as
Celague (House, pers. comm., 2001).

Honduras
Earlier mapping

The area of Honduras is 112,492 square kilometers.
Holdridge produced alife zone map for the country with
eight life zones. AFE-COHDEFOR produced a forestry
map in 1995 with five forest classes. In 1997 Iremonger,
Nelson, and Vreugdenhil produced a map on the basis
of 1994/95 Landsat imagery printed in bands 4, 5, 3.
The map was printed in working sheets at a scale
1:250,000, but not in multiple copies.

Plant collections for the first version of the map
were made by Cirrilo Nelson. At that time it was not
possible to take GPS readings for lack of affordable
equipment, and a database was not yet available. Con-
sequently, the collected species are interesting as data
for the region, but they cannot be used for the present
ecosystem descriptions because we do not know the pre-
cise sampling locations. The map wasvery detailed and
included about 70 classes. It used an adapted version of
the UNESCO classification system. However, it needed
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to be updated using different elevation lines, and some
of the classes needed to be reclassified under produc-
tive systemsfor the Central America Ecosystems Map.

Level of effort by current team

The current map has about 65 classes. For verification
of the Iremonger map, the national team decided to use
random relevé selection as the basis for data collection
under the current project. Thisresulted in the collection
of numerous relevés located in agricultural production
systems. These data, aswell as other ecol ogical consid-
erations (see next paragraph), suggested that in Hondu-
rasseveral of the pine classes recognized by Iremonger
should be considered productive systems rather than
natural ecosystem classes.

Honduras proved to be a very difficult country to
map. The country has many dry regions with sporadic
woody vegetation, dominated by Pinusspecies. Thesizes
of the trees vary from shrub-size to full-size trees. Their
density variesfrom closed foreststo almost treeless sa-
vannas, with most of the areas being intermediate.

Ecosystem highlights

Honduras and northern Nicaragua are reached by the
southernmost ranges of amountai nous system that ex-
tends from North America. Many northern and even
some boreal elementsthus find their southern distribu-
tion limits on the peaks of the high mountains of Hon-
duras or Nicaragua. Several coniferous species, like
Pinus oocarpa, P. hartwegii, P. ayacahuite, and
P. maximinoii; Abies Guatemalensis; Cupressus
lusitanica; and Taxus globosa are found at higher el-
evations in Honduras but only Pinus caribea extends
further south into the lowlands of Nicaragua.
Largeareasof Hondurasarecoveredwithforest types
dominated by Pinus caribaea, which may vary from sa-
vannaformationsto poorly developed forest. All of these
forests are subject to pressure from human activities. All
of them are periodically burned, and in central and west-

Table 10. Image Data Set Used for Honduras

Path Row Date

15 50 9-1-1999
16 49 11-16-1995
17 49 2-23-1993
17 50 2-23-1993
17 51 2-23-1993
18 49 3-5-1994
18 50 3-5-1994
18 51 12-29-1998
19 50 12-4-1998
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ern Honduras they are grazed as well. About 200 relevés
weretakeninareasclassifiedinthelremonger map as“very
sparse pine forest” (“ bosque de pino muy ralo”). In the
world of production forestry, those areas were considered
to be forests or forestry systems, but with more that 200
relevésinthese sparsely treed areas (consisting of amix of
sparse forest, woodland, and savanna classes), it became
clear that in the context of the current study these classes
had to be revised, and thus many of those areashave been
placed under “ productivesystems.” Inaland-usemap many
of those areaswould be classified asforested grazing sys-
tems(“ sistemassilvopastoriles’).

In the Mosquitia (both Honduras and Nicaragua),
the Caribbean pine forests and savannas are frequently
burned and resemble the pine forests of the Belizean
coastal plains. Theseareasarevery difficult tomap from
satellite images, as their physiognomic conditions vary
greatly over relatively small distances. Their physiog-
nomic diversity is not, however, areflection of ecologi-
cal variability but rather the result of continuous
disruptionsfrom fireand grazing. Thesetend to be sepa-
rated into different classes under the UNESCO system,
but thisdoesnot necessarily reflect differentiationin sets
of species. Thisisvery similar to situations observed for
the savannas of Africa, which are subject to similar con-
ditionsand wheretherapid structural changesfollowing
firescorrespond littlewith floristic diversity (McDonald
et a. 1996).

The Honduran Emerald (Amazilia luciae) is an ex-
tremely restricted, country-endemic species of humming-
bird. It residesin the dry deciduous thorn forest of the
Aguan Valley, which liesin the rain shadow of the Cordil-
leradeNombrede Dios, but the speciesmay also befound
in isolated valleys in other parts of northern Honduras
(Howell and Webb 1995). The particular class is consid-
ered ascarce and important ecosystem and ispossibly re-
lated to the ecosystem of Motaguain Guatemala.

Nicaragua

Nicaragua, size 128,410 square kilometers, was first
mapped as a country by Taylor (1962), who used his
own version of a physiognomic classification for about
adozen different forest classes. Each classwas described
with considerable detail in an accompanying document.
Inthe1970sHoldridge and Tosi described thelife zones
in a map format, and in 1993 Salas proposed a forest
map based on a system similar to that of Taylor.

Level of effort by current team
The methodol ogy used in Nicaraguawas somewhat dif-

ferent from any of the other countries (Meyrat 2000).
The national team put alot of emphasis on training and

participatory production of the map. It organized broad
national training courses in mapping methodology to
whichitinvited external aguatic biol ogists and botanists
from Costa Rica. It also recruited three teams of recent
graduatesto carry out the fieldwork.

Thisapproach had both advantagesand disadvantages.
The methodol ogy was embraced at an even broader scale
than in the other countries of Central America. Some 15
young biologistsweretrained in both fieldwork and map-
ping work during a period of almost a year. On the other
hand, the lead ecologist (Meyrat) was much involved in
organizational work and seldomwentintothefield, somuch
of the field data have come from relatively inexperienced
biologists. Therefore, sometimestherelevésmay not have
been the most representative of the polygon and theremay
be some species identification errors in field data. Col-
lected specimenswereidentified by thelead ecol ogist, and
those dataarereliable.

Ecosystem highlights

Nicaraguaistruly tropical, with adistinct difference be-
tween the dryer Pacific coast and the wet tropical Atlan-
tic coast in the south. Cold spells, common in Guatemala
and Belize and occasional in the higher regions of Hon-
duras, are virtually unknown in Nicaragua.

On the Peacific plain two relatively large tectonic
lakes can be found. Lake Managua (Lago Xolotlan) is
in an advanced eutrophication condition. On the other
hand, Lake Nicaragua (Lago Cocibolca) has a stable
dynamic. In both lakes there are endemic fish species.

Althoughin Guatemal a, El Salvador, and CostaRica
we canfind vegetated |lavaareas and crateric | akes, they
do not occur in ecological conditions (climatic and flo-
ristic) similar to those of Nicaragua. The lavaflowsin
Nicaraguaoccur inthelowlands, creating higher hydric
stress for the vegetation than is the casein other areas
in Central America, where lava flows appear in high-
land areas. The crateric lakes of Nicaragua are unique

Table 11. Image Data Set Used for Nicaragua

Path Row Date

14 54 28 Jan. 1986
15 50 28 Apr. 1998
15 51 19 Jan. 1997
15 52 19 Jan. 1997
15 53 6 Feb. 1986
16 50 12 Mar. 1996
16 52 25 Jan. 1986
17 50 23 Feb. 1993
17 51 19 Dec. 1997
17 52 8 Feb. 1999
18 51 29 Dec. 1998




for their endemicicthyiofaunaof cichlidsand their rela-
tively undisturbed state.

An interesting phenomenon that is particularly no-
table in Nicaragua is the formation of cloud “coronas,”
or crowns, around the vol canoes of the southern Pacific
coast (the “telescope effect” or massenerhebung). Lo-
cated in arelatively dry region, these volcanoes have
remarkably more moist foreststhan the surrounding area
even though the true precipitation may not be much
higher. Crownsof cloudsoften persist during agood part
of the day, providing vegetation with moisture and pro-
tection from direct sunlight.

Though found in other countries, Nicaragua con-
tains the southernmost occurrence (about 12°30¢ north
latitude, UTM 14) of both the seasonally evergreen
submontane pine forests (characterized by Pinus
oocarpa) and of theinundated pine savannas (dominated
by Pinuscaribaea).

On the Caribbean plains we find seasonally ever-
green forest dominated by bamboo, which is uniquein
Central America. Thismay represent asuccession stage
following a disturbance to the riverine forest by natural
disaster or human intervention.

There are two kinds of mangrove ecosystems. One
is composed of mangroves on aloamy substrate along
the border of coastal lagoons. In these formations one
finds “mangle pifiuela’ Pellicierarizophorae (Theaceae),
which in Central America is only found on the Carib-
bean coast of Nicaraguaand Panamaand the Pacific coast
of CostaRica. Thisindicatesthat the speciesspread from
one side to the other before the formation of the
Mesoamerican land bridge. The other Nicaraguan man-
groveformation appearsover acoralline substratein the
Miskito Keys.

The expanse of submarine seagrass prairies (beds)
surrounding the myriad keys and reefs off the Caribbean
coast of Nicaragua may be the largest of itskind in the
world. It is dominated by turtle grass (Thalassia
testudinum) and manatee grass (Syringodiumfiliforme)
with high primary productivity. However, these areas
were not mapped in the current project because of diffi-
culty delineating them.

Costa Rica
Earlier mapping

A detailed ecosystem analysisfor CostaRica, though no
map, was performed by Holdridge et a. in 1970, pro-
viding ample detail on tropical forest ecosystems. The
life zones map for Costa Rica, made separately by
Holdridge et al. (1970), shows 12 life zones. Gémez
(19864a), using aerial photos, produced the previously
mentioned “Macr o-tipos de vegetacion de Costa Rica”
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following the UNESCO classification system, and based
in part on the Mapa delas Regiones Climaticasde Costa
Rica (Herrera 1986) and the Mapa de Suelos de Costa
Rica (Tournonand Alvarado 1989). Themap legend al so
provides detailed soil classes associated with the veg-
etation classes. An accompanying report, “V egetation
Map of CostaRica,” providesthorough documentation.
This work formed the underlying starting point for the
current map file,

It should be noted that Costa Rican ecosystemsare
currently being mapped at much greater detail (1:50,000)
by INBio as part of their ECOMAPAS Project. They are
using aclassification system similar tothe Central Ameri-
can ecosystem classification used here. About half of
Costa Rica had been mapped by the beginning of 2002.

Level of effort by current team

The country wasdivided into seven sectorsthat contain
substantially different setsof species. Thisdivisionwas
based on biogeographical analysiscarried out inthe con-
text of the map projects of Gomez (1986a) and Herrera
and Gomez (1993). The seven sectors are:

¢ Pacific north and central valley (including the
eastern central valley)

* Mountains of the Guanacaste, Central, and
Talamancaranges

* The General and Terraba valleys

¢ Pacific south

* Northern watersheds (including all watersheds
that runinto the Rio San Juan, from the Rio Sapoa
to the Sarapiqui watershed)

* Northern Atlantic watersheds

* Southern Atlantic watersheds

The project was severely hampered by poor and
inconsistent georeferencing of the printed images and
small but significant deviationsfrom the 1:200,000 print-
ing size of the images. This caused significant prob-
lems in the transfer of elevation lines from the
topographic maps. At the request of the lead biologist,

Table 12. Image Data Set Used for Costa Rica

Path Row Date
14 53 01-18-99
14 54 02-16-98
15 53 03-99

09-98

02-06-86
15 54 04-03-92
16 52N 12-15-98
16 53s 01-10-97
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most images were processed in band combination 5, 4, 3.
In the context of the digitization, all images were
georeferenced again and processed in bands 4, 5, 3. In
this process some of the previously experienced prob-
lemswere addressed. Specific siteswere sel ected to ob-
tain complementary dataand verification of the previous
mapping efforts. The fieldwork was done by ateam of
biologists and field samples were reviewed in the labo-
ratory and verified by the lead scientist. The data are
considered reliable.

Ecosystem highlights

CostaRicaistheonly country that has protected alarge
areaof the dry Pacific region spanning semi-deciduous,
deciduous, and savanna conditions. Even though this
area, in Guanacaste Province, has been under extensive
livestock management for decades, it probably has re-
tained many of its original species. Together with
Panama, Costa Rica contains the only paramo in the re-
gion similar to the Andean paramo.

Although speciesdiversity in Mesoamericais gen-
erally considered to increase from north to south, thisis
not reflected in the number of ecosystem classes found
in CostaRicaand Panama. Thisisdueto thefact that the
UNESCO system distinguishes between broad-leaved,
mixed, and pine formations. Mixed and pine formations
are absent south of the Nicaraguan depression. Asare-
sult the maps of Costa Rica and Panama show lower
numbers of ecosystem classes.

Panama
Earlier mapping, differences in mapping

Panamadoes not have aprevious ecosystemsor vegeta-
tion map other than the very basic life zones map from
1974 with eight life zones. A detailed, supervised classi-
fication was carried out for Bocas del Torro by Guzman
and Guevara (1998) with detailed mapping of mangroves,
seagrass beds, and some coral reef classes.

Level of effort by current team

With 77,081 square kilometers, Panama is a me-
dium-size country in the region. The Panamanian team
adhered very closely to the original agreement of amini-
mum polygon size of about 150 hectares. As a result,
some of the smaller-size ecosystemsthat were individu-
ally recognized have been clustered or ignored on the
map, but they have been mentioned in the final national
report. This was particularly the case with the littoral

ecosystems of Bocas del Toro. A supervised classifica-
tion for the coastal zone of Bocas del Toro by Guzman
has not been incorporated in the GISfile.

Most of the field work in Panamawas not executed
by the senior botanistsin the country, but rather wasdone
by biologistswith 5 to 10 years of field experience. Spe-
cies collected in the field that were not recognized were
identified later in laboratory facilities and with the aid
of the el ectronic web page of the Missouri Botanical Gar-
den. The quality of both physical and taxonomic datais
considered to be good.

Ecosystem highlights

Fewer classeshavebeenidentifiedin Panamathanin some
of theother countries. Thisisparticularly dueto themoister
conditions of the country asawhole. Forest isthe natural
vegetation almost everywhereexcept in anarrow region at
the coast of Azuero. Natural, open bodies of freshwater
arevirtually nonexistent in thisnarrow mountai nous coun-
try. Theonly sizeable swamp formationsarein thefar east
and far west. The distinction between Pacific and Carib-
bean mangroveshasnot been made. Initially themangrove
class with Pellicierarhizophorae, whichisconsidered to
be in a category of its own, was not recognized by the
national team, but it was identified later from literature for
Bocas dd Toro (Guzméan 1998).

Specific highlightsintheregional context are apeat
swamp on the northeast coast, the previously mentioned
paramo, and extensive coral reefs off the Atlantic coast.
Coral reefs, though not mapped in the current project,
are an important ecosystem. Substantial information on
the reefs has been collected by Guzméan and Guevara
(1993) and Guzman (1998) and is being analyzed in the
context of another project (Guzman, pers. comm., 2001).

Table 13. Image Data Set Used for Panama

Path Row Date

10 54 03-21-91
10 55 03-21-91

07 -08-96
1 54 02-27-98
1 55 03-31-98
12 53 04 -07 - 98
12 54 04 -07 - 98
12 55 03-09-99
13 54 03-26-97
13 55 03-29-98
14 53 01-18-99
14 54 02-16-98

04 -02-97




4. Discussion

4.1 Important Ecological Factors

Many users of the maps, database, and ecosystem
descriptions will be looking for patterns. Why is this
ecosystem found here? Where el se could it occur? What
determinesits distribution over Central America? For a
better understanding of theindividual ecosystems, itis
important to understand some of the ecological factors
that underlie these ecosystems. Some of the most
important ecol ogical factorsinclude drainage, elevation,
climate, and fire. Much more research is required to
understand their rel ativeimportance, but we provide here
some of our thoughts on these ecological factors.

Drainage

Drainage is a very important factor in the local
determination of ecosystems. Whether plant speciesare
tolerant to waterlogging determineswherethey can grow
and thereby determines the ecosystems that develop.
Slope is a predominant factor for drainage. For this
reason, in the ecosystem classification followed here,
all hilly and mountainous areas have been classified as
“well drained.” On the scale of this map, such well-
drained areas may well have a mosaic of pockets of
moderately drained and/or inundated terrain, but the
predominant conditions in the ecosystem at large will
be well drained.

For soil organisms and plants, poor drainage and
flooded conditionsare extremely demanding conditions,
requiring either sophisticated mechanisms for gas
exchange, escape from saturated or flooded conditions,
or some form of seasonal dormancy.

Aquatic species, on the other hand, may greatly
benefit from such conditions. Flood plains inundated
during the wet season can make the habitats of riverine
organisms such as fish and crocodiles tens or even
hundredsof timeslarger than during thedry seasonwhen
the river is a minimum flow.

Migratory birdsmay travel thousands of kilometers
tofind such wetland conditions. Amphibiansare particu-
larly partial to seasonal pondsthat are not connected to
other water systems, and where as a consequence they
are not preyed on by fishes. Such conditionsabound in
moderately drained to gently sloping areas with small
isolated pockets of water.

Flooding and waterlogging creates rather extreme
conditions, and relatively few species have evolved to
deal with thissituation. Asaresult, speciesdiversity in
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poorly drained conditionsistypically lower than under
well-drained locations nearby. On the other hand, the
amount of biomass is often much higher, and wetlands
are often good placesto see large quantities of wildlife,
especially birds. Permanent inundation may lead to
accumulation of peat. In the tropics thisis arelatively
rare phenomenon. Inthe study areasthisismainly found
on the border between Costa Rica and Panama.

Central Americaissplitinto two main drainage sys-
tems: the Pacific and the Atlantic. The Atlantic is the
larger of the two. For aquatic fauna and flora of limited
mobility thisdivisionisvery important because connec-
tivity isthrough theriversand streams. Aquatic animals
onthetwo sidesof the continental divideare completely
separated from one another. Plant species however ap-
pear to be the same.

Often the presence or absence of flow (Gomez 1984)
isusedto divide aguatic habitats. Flow isvery important
ecologically. Currents are afactor of physical dynamics
inan ecosystem. They transport nutrientsand sediments
and affect biological connectivity. In most aquatic eco-
systems someflow ispresent, but thisstudy hasnot sys-
tematically incorporated the presence or absence of flow
except by recognizing rivers and estuaries as typically
lotic systems.

Most rivers and all minor streams were too narrow
for mapping and thus all terrestrial ecosystems can be
considered to include, to variable degrees, afine maze
of aguatic ecosystemswith parallel narrow flood plains.

Elevation

Differences in elevation result in climatic differences.
Asmentioned previously, five elevation levelshave been
used as a proxy for climatic differentiation. Elevation
may also be afactor in populationisolation. When high-
land areas have adisjunct distribution, geneticisolation
of the adapted floraand faunamay result, and highland
regions are believed to have larger numbers of endemic
Species.

Inthisrespect it important to recognizetheregion’s
two distinct mountainous blocks. Oneisin the northern
half, extending from Mexico, through Guatemala and
Honduras, and into Nicaragua. The highest peaksinthis
block are in Guatemaa and reach 4,211 meters (Volcan
Tajamulco). The second distinct block is in the south,
running from CostaRicainto western Panama. The high-
est peak in this block is Cerro Chirripd, in Costa Rica,
which is 3,819 meters high.
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Species composition differs between mountain re-
gionsfor variousreasons. The north-south temperature
increase, together with an effective isolation of higher
€l evation species by the Nicaraguan Depression, had an
important effect oninhibiting speciesinvasions between
northern and southern Central America. In particular,
temperate boreal speciescould not migratefurther south
(for example pine species, whose southern limit is in
Nicaragua).

On isolated mountains the vegetation response to
elevation-related conditions appears to occur at lower
elevations than on large mountain ranges such as the
Talamanca. This phenomenon has been referred to as
“massenerhebung,” or the “telescope effect” (Hammen
and Ruiz 1984), and has been observed on several iso-
lated volcanoes in the region. An example is the Maya
Mountains in Belize. They do not reach much higher
than 1,000 meters, but still contain plant speciesthat do
not occur below 1,000 meters in nearby Guatemala and
Honduras (such as Liquidambar stiraciflua, which in
Belizeisfound at elevationsaslow as 700 meters). Simi-
larly, in Honduras and Nicaragua scrub formations grow
on isolated mountain peaks at elevations where one
would still expect to find forest. In El Salvador aparamo-
like vegetation is found just above 2,000 meters. Grubb
suggested that the frequent presence of clouds causes
the phenomenon. In particular, the isolated volcanoes
from El Salvador to northern Costa Rica are frequently
covered with “crowns” of clouds that may even occur
during the dry season when the sky is otherwise clear.

Fire

Most of Central Americais constantly effected by fire.
Although the role of fire in ecosystem formation and
continuity isnot well understood, it has long been rec-
ognized as an important factor. For example, in 1937
Lundell described fire as an important phenomenon in
the Petén.

Since pines (Pinus species) are generally more fire
resistant than broadl eaf trees, fires prevent broad-leaved
forest speciesfrominvading and replacing pineson soils
that might otherwise carry broadleaf forest. Landscapes
dominated by pines (such as in central and western
Honduras) are therefore generally considered to be fire
induced (Knapp 1965).

Most fires are set by people. However, data for
the Mountain Pine Ridge Forest Reserve in Belize for
1963-70 indicate that out of 46 recorded fires, 29 (63 per-
cent) were caused by lightning strikesand 17 (37 percent)
by people. In contrast, on the southern coastal plain of
Belize the great majority of fires were set by hunters
trying to flush out game (ODA 1989; M eerman personal
observations).

Fireisakey feature of the coastal savannasof Belize
and the M osquitia. Webelieve from observationsduring
thisstudy that savannadevel opment resultsfrom acom-
bination of factors:

* Compacted, poorly drained, acidic soils that are
often inundated during the rainy season and ex-
tremely dry during the dry season.

* Somewhat longer dry seasons compared to the
Atlantic coast el sewherein theregion.

* Frequent fires, mostly but not exclusively of an-
thropogenic origin.

In the Mosquitia, AFE-COHDEFOR has protected
a few plots of what originally was pine savanna from
fire for more than 15 years. These plots have growninto
regular pine forest with a conspicuous understory of
broad-1eaved shrubs. Apparently, without firelarge parts
of these savannas would turn into forest. The combina-
tion of infreguent lightning strikes and the seasonal des-
iccation of Caribbean pineforest communitiesindicates
that to some degreefire probably formsanatural part of
these ecosystems. That said, under natural conditionsthe
savannaswould not be burned as often and they would
not be aswidespread asthey arewith the current human
influence.

Fires in broadleaf forests are often ignored and at
times seem to bear no resemblanceto the massive blazes
that can be seen in needle-leaved forests. Firein broad-
leaf forestsisusually low, creeping slowly through the
leef litter. Nevertheless, theselow, slow-moving firescan
be profoundly destructive. Trees, especially young trees,
may appear unharmed at first, but many will die over
timeasaresult of direct damage or indirect damage such
asincreased pathogen accessthrough the fire-damaged
bark. Tree mortality asthe result of such slow fires may
continuefor several yearsafter theactual fire (Meerman,
pers. obs.). Eachfirethat leavesmore dead or dying trees
behind makes the forest even more susceptible to new
fire damage.

In afew forests, such as hilly forests and those with
Cohune palms (Attal ea cohune), the effects of fire can be
more dramatic. The abundant leaf litter under Cohune
palms explodes into flames, often igniting the crown and
spraying sparks over great distances. Fires are most dev-
astating on hills where an upward draft creates extremely
hot fires (and the greatest damage) toward the top of the
hill. Repeated fires result in “bald” hills with a cover of
grasses and/or ferns (notably Dicranopterisand Pteridium
caudatum) rather than woody vegetation. The influence
of fireis clearly greatest where there is drought stress
(such ason thetops of karstic hills) and in the presence of
highly inflammable vegetation. On karstic hills the ef-
fects are particularly devastating since the soil layer is



thin and highly organic in nature, and therefore easily de-
stroyed by fire.

Slash-and-burn agriculture is the main culprit for
fires in lowland broadleaf forests. Subsistence farmers
generally do not take escaped fires seriously. Burned hill
tops are virtually always connected with agricultural
clearings at the foot of the hill.

Until recently, thefrequency, magnitude, and effects
of wildfires on ecosystems and biodiversity in Central
America were virtually unknown. The recent publica-
tion of the Atlas Centroamericano de Incendios
(Proyecto de Frontera Agricola 1998) documented the
wildfires during the 1998 dry season using satellite im-
agedata. Thestudy suggested that most firestake place
in areasunder agricultureandin areasbordering remain-
ing natural vegetation, including in protected areas.

Not all savannas and open herbaceous ecosystemsin
Central America originated by fire. In particular, some
savannasin the Guanacaste region are drought savannas
that would not develop into forests even without fire
because of climatic conditionsand soil characteristics. The
saline flats of the Golfo de Fonseca in Honduras and
Nicaragua, and of the Azuero region of Panama, are open
herbaceous vegetation typesthat also are not firerel ated.

4.2 Biogeographical Considerations

Biogeography is the study of the geographic distribu-
tion of plantsand animals. It is concerned not only with
patterns but also with the factors responsible for those
patterns.

A factor of magjor importance in the Central Ameri-
can context is that the areaforms alink between North
and South America. Not surprisingly, there is a north/
south cline for species of North American origin and a
south/north clinefor tropical speciesoriginatingin South
America.

GoOmez (1986a) recognizes several biological
regionsalongtheisthmuson the basis of setsof species
and genera:

1) Caribbean Region. Includes all the Caribbean
islands, partsof Floridaand the Y ucatan peninsula,
the Caribbean regions of the Central American
isthmus, and the Caribbean coasts of South
America. In Central America the Caribbean
biological region is characteristic of the coastal
regions of Belize and Honduras.

2) Boreal Xerophytic Region. Populated by
nearctic elements distributed in arid or subarid
areas. Characteristic plant families are
Agavaceae and Cactaceae. Theregionincludes
much of the Y ucatén peninsula, Mosquitia, and
most of the Pacific coast.
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3) Neotropical Region. Includesthe mgjority of the
Caribbean Central American lowlands as well
as the humid highlands. It is characterized by
species with affinities to the humid tropics of
South America. Highlands with affinitiesto the
high mountainous regions of northern South
America are recognized as a distinct province
withinthe Neotropical region: theNorth Andean
Province. These highland areas in Central
America occur in two distinct blocks separated
by the tropical lowlands of Nicaragua. Asare-
sult they are frequently recognized as two
subcenters: Guatemaltecan and Talamancan.

It should be recognized that we are dealing with regions
that have great numbers of species, each with their own
distribution patterns. In biogeography, one generalizes
and considers very broad tendencies.The regions de-
scribed by Gomez seek to geographically group certain
sets of species and genera, and not to split the region
into distinct and mutually exclusive geographical zones.
Asaresult theseareasoverlap, and thereforethey could
not be used in the current mapping project.

A somewhat different classification system is the
concept of “ecoregion.” An ecoregion is defined as a
geographically distinct assemblage of natural communi-
tiesthat share alarge majority of their species, ecologi-
cal dynamics, and similar conditions, and whose
ecological interactionsarecritical for their long-term per-
sistence (Dinerstein et al. 1995). The ecoregion concept
makes assumptions about the pre-Colonial distributions
of speciessetsand ecol ogical processes.

Dinerstein et al. recognize 18 ecoregions plus 13
mangrove units for Central America. These ecoregions
show considerable affinities with the formation sub-
classes used in the UNESCO system. However, in addi-
tiontothedifferencesin scalethereal so are differences
in interpretation, which accounts for some of the dis-
crepancies between the two systems. For example,
Dinerstein et a. do not recognize savannas for Central
America, but rather incorporate them into coniferous
forests or dry broadleaf forests. At the other extremeis
their recognition of so many mangrove systems. Given
the high marine connectivity and relatively low species
diversity of mangrove systemsin general, perhapsthere
isinsufficient basis for such adetailed classification.

A quick analysisof the ecosystems map reveal sthat,
to someextent, distinct setsof ecosystemsconstitute bio-
geographic regions or ecoregions. Further study will be
necessary to determineto what degreethisistrue.

A second major areathat reguires research and in-
vestigation is the possibility of using biogeographical
classificationsto fine-tune the ecosystem classification
itself. For example, atropical evergreen broadleaf low-
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land forest that is moderately drained on the Atlantic
side of Belize is likely to have a completely different
species composition than aforest of the same classifi-
cation on the Pacific sidein Panama. Further study will
be needed to determine if such regionalizations can be
used to improve the ecosystems map.

Wesuggest thefollowing asimportant issuesto take
up inthe ongoing discussion onincorporating bioregional
considerationsinto the classification system:

¢ Distinction between the Pacific and Atlantic
slopes. The distinction between the Pacific and
Atlantic slopeshasalready been mentionedinthe
definition of elevation zones. Even at elevations
of 3,100 meters, in areasthat are not very distant
from one another, Kappelle (1992) finds signifi-
cant “floristicdissimilarities’” between Pacificand
Atlantic vegetation classes. This s just one of
many indicationsto justify adistinction between
physiognomically similar UNESCO classes for
the Pacific and the Caribbean. It isworth consid-
ering whether to make this a generic distinction
at al elevations.

* Montanebiogeographical differences. Severd in-
ventories carried out in the Sierra Madre region
andinthe central mountain massif spanning Costa
Rica and Panama reveal interesting differences.
Kappelleet al. (1994) describe agreat phytogeo-
graphical affinity between the Talamancaregion
and the montane forests of the northern Andes
based on detailed inventories. A comparison by
Islebe and Kappelle (1994) shows that the “ Gua-
temalan subal pine flora consists mainly of wide
temperate, holarctic and neotropical herb genera,
whereas the Costa Rican subalpine florais prin-
cipally made up of neotropical shrub and wide
tropical tree genera, next to a small amount of
wide temperate herb genera.” This information,
combined with the distribution limits of Pinus
north of the Nicaraguan Depression, isampleevi-
dencethat distinctions should be made between
the apparently similar UNESCO classes in the
mountain rangeson either side of the Nicaraguan
depression (Kappelle et al. 1992). House (pers.
comm., 2000) tentatively reasons that the eco-
systems of the Nombre de Dios range should be
differentiated for being the most northern and
most altitudinally isolated Atlantic mountain
rangein Honduras.

* Aquatic ecosystems. Inthe specific case of aquatic
ecosystems, the Central American isthmusitself
isamajor biogeographical separator (or barrier)
between the two oceans and between the fresh-
water ecosystemson either side of the continen-

tal divide. Therefore, the aguatic systems have
been splitinto Atlantic and Pacific systemseven
though in some cases they were very similar bo-
tanically; further work is needed to determine if
thisisthe correct approach.

* Mangroves. Asmentioned previously, mangroves
should not bedivided up regionally becausethere
is relatively low diversity of terrestrial species
between systems. However, the characteristics of
their constituent marine faunas perhapsjustify a
distinction between Caribbean and Atlantic eco-
systems. If adistinct icthyiologic regionalization
can be further defined between mangrove sys-
tems, they could be distinguished accordingly.

4.3 Biological Distinctiveness

At the beginning of thisreport we outlined asupposition

that individual ecosystems represent distinctive assem-

blages of fauna and florainteracting within aframework

of distinct ecological processes. An ecosystem classifi-

cation for improving conservation planning and for a
variety of research purposesis considerably more useful

if thisistrue.

Notethat physiognomic distinctivenessdoesnot al -
ways lead to different species sets. Some dynamic eco-
systems, such asthe coastal Caribbean pine savannas of
Belize and the Mosquitia, undergo frequent rejuvena-
tion through burning. Because of continuousand varied
environmental stress, mangroves also show great varia-
tion in their vegetation structure. Within such habitats,
the structure may vary from locally dense forest to al-
most treeless savanna or scrub, but many of the same
species occur within each of these different structures.
When applying apresence/gap analysisone must bevery
careful with the use of data from areas with repeated
environmental stressor humanintervention becausethose
areas may lack the species differentiation that i s charac-
teristic of other ecosystems with similarly distinctive
physiognomic characteristics.

We found little literature on biological distinctive-
ness of ecosystems classified in physiognomic classifi-
cation systems. The system developed by the Federal
Geographic Data Committee/United States National Veg-
etation Committee (USNCS) is based on the UNESCO
classification, with some slight modifications to meet
U.S. needs, and the addition of a floristic characteriza-
tion. At the time of publication, that system recognized
more than 4,000 different habitats. A report by The Na-
ture Conservancy on the USNCS system (Grossman et
al. 1998) stated that “ Ecological communities constitute
unigue sets of natural interactions among species, pro-
vide numerous important ecosystem functions and cre-
ate part of the context for speciesevolution.” It fallsshort



however, in arguing that ecologically different commu-
nities harbor distinctive sets of species. Thereis no sci-
entific proof that the USNCS approach, which is based
on a combination of physiognomic/ecological charac-
terization with additional floristic subdivision, isindeed
sufficiently biologically ditinctivefor abiodiversity con-
servation gap/presence analysis.

After careful review of our own ecosystem descrip-
tions and the patterns of ecosystem distribution that the
map shows for Central America, we provisionally feel
that each ecosystem recognized in our classification rep-
resents afairly distinct set of species. The classification
reflects distinct physiognomic structures and climatic
conditions, and these in turn are related to a series of
important ecological factors that cumulatively result in
distinctive species assemblages.

Each country in Central America has a relatively
high number of classes within relatively small territo-
ries. Therefore, wefeel that the expanded UNESCO sys-
tem, asit has been used in the current mapping project,
providesalevel of detail that allowsfor responsible rep-
resentation/gap analysis of conservation systemsat ana-
tional level. This has proven to be true in an ongoing
study in Honduras on the rationalization of the protected
areas system (Archaga, pers. comm., 2002). However,
much more research is needed to determine if some dif-
ferent level of precision in the classification is more ap-
propriate for conservation planning.

4.4 Climate Change

There is a consensus in the scientific community that
anthropogenic changes to the composition of atmo-
spheric gases is having significant impacts on global
climate. There is much uncertainty about the likely rate
and magnitude of greenhouse-induced climate changes,
especially at the regional level, but it is clear that there
is potential for significant impacts on ecosystems
throughout the world (Peters and Darling 1985; Hobbs
and Hopkins 1991). Analyses of the climatic profiles
presently occupied by plant and animal species, com-
pared with future climatic conditions under various sce-
narios, suggest that the present areas of geographic
distribution of many specieswill be climatically unsuit-
able within a relatively short time. If such predicted
changes take place, survival of species will depend on
their ability to adapt to new climatic conditions, or their
capacity to shift their geographic distribution to track
suitable climates. Those groups likely to be most af-
fected include geographically localized and/or isol ated
taxa, peripheral or disjunct populations, specialized
species, poor dispersers, genetically impoverished spe-
cies (Petersand Darling 1985), and those in fragmented
habitats embedded in human-modified landscapes.
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It isgenerally accepted that temperaturesin Central
Americawill increase. Projections of the increase over
the next 50 years range between 1.0 and 3.0°C (1.8 to
5.4°F). Estimates for average precipitation in northern
Central America project decreases of between 4 and 19
percent over the next 50 years (Hulme and Sheard 1999).
Southern Central America, however, may seeadight in-
crease in precipitation.

Although all these predictions may be based on in-
sufficient data, thereisno doubt that major shiftsin habi-
tats will occur. One application of current ecosystem
mapping projectswill therefore beto establish abaseline
for monitoring these changes. Although such monitor-
ing does not addressthe actual problem, the results should
provide powerful data for management of the region’s
natural resources.

It has been suggested that linkages between habi-
tats, such as the Mesoamerican Biological Corridor,
may play an important conservation role in adapting
to climate change by (@) facilitating range expansion
or shifts, (b) allowing for redistribution of species
withintheir present range, and (c) creating larger, more
genetically diverse, and more resilient populations of
species (Harris and Scheck 1991; Hobbs 1992; Noss
1993).

First, in some situations linkages may allow plant
and animal species to shift their geographic range in
response to climatic conditions. However, great cau-
tion is warranted before concluding that linkages will
actually fulfill this role. The rate of range expansion
required to respond to the projected climate change is
much greater than that known to have occurred histori-
cally or revealed by paleoecol ogical analyses for most
species, especially plants (Hobbs and Hopkins 1991;
Noss 1993).

Range expansion may also be limited by ecological
or anthropogenic factors despite the maintenance of
seemingly suitable linkages. For example, climatic con-
ditions may become more suitablein adjacent areas, but
differing geological substrates and soil nutrient levels
may be unsuitable for the plant species concerned.

Many species are dependent on complex ecological
interrelationships with other plants and animals, and
consequently an effective range shift would require mi-
gration of assemblages of coadapted plantsand animals.
The geographic location and necessary dimensions of
linkages for such biotic migrations are not known, but it
is likely that vast tracts of continuous natural habitat
would be required.

Linkages across elevation gradients are the most
likely to facilitate effective range shifts because the geo-
graphic displacement needed is much less than in areas
with relatively uniform elevation such as the lowlands
of Central America
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Second, linkages have a potentially important role
in countering climate change by maintaining the conti-
nuity of species’ populations throughout their present
geographic range, thus maximizing aspecies’ ability to
persist within those parts of itsrange where climatic con-
ditions remain suitable. Redistribution within an exist-
ing rangeismore feasiblethan range shiftsto new areas.

Third, linkages also have a role in countering cli-
mate change by interconnecting existing reserves and
protected areas to maximize theresilience of the present
conservation network. Linkagesthat maintain large con-

tiguous habitats or that maintain continuity of several
reserves along an environmental gradient are likely to
be the most valuable in this regard. Large populations
and those that span environmentally diverse areas are
likely to have greater demographic and genetic capacity
to respond to changing conditions.

Despite present uncertainty about the specifics of
climate change and its potential impacts, maintaining and
restoring linkages between habitats is a prudent mea-
surethat provides conservation benefitsregardlessof the
exact outcome of climate change.



5. Recommendations

In this section we summarize a few key recommenda-
tionsfor the next major revision of the Central America
ecosystem classification, and anumber of specific sug-
gestionsfor research and investigation needs.

Worldwide Review of UNESCO System

After the initial introduction of the UNESCO System
in 1974, several attempts have been madeto improveit,
but never in aconcerted international context. Itisrec-
ommended that we learn the lessons from aquarter cen-
tury of use in many different areas of the world to
thoroughly review the system and expand it to aclassi-
fication system that can deal with all the ecosystems of
the Earth, including aquatic ecosystems.

Further Definition of Aquatic Ecosystems

As was discussed in some detail earlier in this report,
the UNESCO system imperfectly takes into account
aquatic freshwater and marine ecosystems. In the con-
text of this project we made somefirst steps toward the
incorporation of such information into acomprehensive
classification system. However, much work remains to
be done.

Incorporation of coral formations seems particu-
larly important, but could not be done adeguately inthe
course of this project. Corals, being sessile animals,
would seem to be suitable biological identifiersfor eco-
systems.

Guzman and Guevara (1993, 1998) indicate that in
quantitative terms differentiation of ecosystem types
could only be recognized between seaward (exposed,
dynamic) and leeward (protected, more tranquil) reefs.
The practical classification of Mumbe (1999) was based
ongeomorphological conditionsof thesubstratein com-
bination with itsexposureto currents and waves. Guzman
has applied asupervised classification for Bocasdel Toro
that 1ooks rather promising for the classification of at
|east anumber of ecosystem classes.

However, we did not find a useful methodology (in
the context of a satellite-based classification method-
ology) to distinguish between different coral reefsbased
on visible structural differences. Further work will be
required to fully address this question.

It isworth noting that, at least for the purpose of
analyzing the conservation priority of ecosystems, the
coraline ecosystems of Central America may not need
to be subdivided because they are of such great value
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that we can unilaterally declare them all to be a high
priority for conservation.

Further Revision of the Central American
UNESCO Classification System

In the main section of the report we mentioned a num-
ber of areas where our proposed Central American ad-
aptation of the UNESCO system falls short or needs
further work.

One exampleisthe pineforestsin Honduras, which
were very difficult to classify (similar problems were
noted in other countries but they were most acute in
Honduras).

In the center of the country most of the pine areas
are grazed and seasonally burned. A valid case can be
made for classifying them as either intervened natural
ecosystems or as production systems. The argument for
the natural, intervened classification is largely that the
vegetation, both grasses and trees, propagates sponta-
neously. However, the combined effects of grazing, in-
tentional and large-scale burning, and occasional tree
felling are usually so intensive and managed that these
areas could very well be characterized as extensive ag-
ricultural production systems.

Both the limited biological distinctivenessand the
severely affected natural state of the pinevegetationin
large parts of the country should be taken into account
when undertaking arepresentation/gap analysis.

Extension to Other Areas

Because of Mexico’'s geographical proximity and the
fact that it forms part of the Mesoamerican Biological
Corridor, it seems particularly urgent that ecosystem
classificationsfor Central Americaand southern Mexico
be conciliated and perhaps even defined under the same
system. Weurgethat existing ecosystem mapsof Mexico
(all of Mexico has been mapped at a scale of 1:250,000)
be evaluated to see whether they could be joined with
those for Central America or at least made compatible.
We further recommend that the method be applied
in South America, and that users be organized to col-
laborate on further development of the methodology.
Finally itisworth noting that although CostaRicawas
entirely mapped at 1:250,000 in the course of this project,
INBioand SINAC are spearheading an effort to completely
map the ecosystems of Costa Rica at a scale of 1:50,000.
About half the country has already been mapped in this
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ambitious project. It is desirable to continue somelevel of
coordination between the national effort and the regional
effort to ensureinteroperabl e classification systems.

It should be noted that the Central America
ecosystem mapping project was primarily concerned with
natural habitats. Areas that are classified with various
degrees of human intervention are still, in our opinion,
fundamental ly functioning natural ecosystems. Tofurther
facilitate comprehensiveland use planning in theregion,
it will be helpful to extend the mapping project to the
entire isthmus, including all human-intervened aresas.

Biogeographical Considerations

As noted in more detail in Section 4, much more work
remainsto be done in the area of incorporating regional
distinctions (biogeographical or otherwise) intotheclas-
sification system.

It would be particularly interesting to revisit the
ecoregion approach as it has been applied in Central
Americato seeif such a classification could help dis-
tinguish between ecosystem typesin the region and to
determineif the ecoregions themselves could be better
defined using the data from this project.

Further Use of the Database

The Ecosystems Map of Central America and the Cen-
tral America Monitoring Database have been designed
to serveasthebaselinefor biodiversity and environmen-
tal monitoring in Central America. During the project
the Central American Monitoring Database focused on
the description of ecosystems and sessile species.

To improve its usefulness for a complete monitor-
ing program, parameters need to be added that focus on
processes causi ng species and habitat changes. In addi-
tion, elements need to be added for faunaand submerged
aquatic elements.

We recommend that the CCAD and its member
countriesintegrate both the map and databaseinto are-
gionally coordinated monitoring system that allows for
broad data exchange among the participating countries.

Icthyiological Aspects

As noted in the main text, we could not classify open-
water systems because of the absence of vegetation. An
aternative might be to rely on faunal elements, prefer-
ably macrofauna (plankton could perhaps be useful but
have not been considered because of the difficult identi-
fication reguirements). Fishes, some crustaceans, and
mollusks are the most conspi cuous taxaamong the fully
aquatic faunal elements. Of these, the ichthyiological
faunais the best known in the region, with national in-

ventories for each country: Panama (Hildebrand 1938),
Costa Rica (Bussing 1967), Nicaragua (Villa 1982), Hon-
duras (Martin 1972), and Belize (Greenfield and
Thomerson 1997). Myers (1966) considers primary
freshwater fishes as among the best indicators for zoo-
geographic patterns because it isvery difficult for them
to cross sea barriers and major watershed divides.

Fishes can be considered as (@) primary freshwater
fish, (b) secondary freshwater fish, (c) facultative
freshwater fish and (d) peripheral freshwater fish,
according to increasing salinity tolerance. Martin (1972)
clearly showsdistinct speciesdistribution setsfor lowland
riversand estuaries, midstreamriver systemsup to 1,000
meters, and upper watershed systems mainly occurring
above 1,000 meters. With the data available and the
foundation of theanalysesby Martin (1972), Villa(1982),
and Greenfield and Thomerson (1997), we suggest that
thefish dataof Central Americacould provideavaluable
basis for distinguishing between some aquatic
ecosystems. Thisisan interesting areafor further work.

As an important contribution to this effort, one of
us (Vreugdenhil) has compiled comprehensive species
lists of the freshwater fish faunas for each of the coun-
tries of the region, using the classification noted above.
Such alist did not previously exist and will be a good
starting point for a careful ook at the usefulness of the
fish datain defining open-water ecosystem classes. The
listisposted onthe WICE web site at http://birdlist.org/
cam/central_america.htm.

Biological Distinctiveness

Further work is needed to determine if the ecosystem
classes asdefined in this project truly define distinctive
ecological communities of flora and fauna that would
be useful units in long-term conservation planning ex-
ercises. See the main text for amore detailed discussion
and some specific suggestions.

Maintenance of the Ecosystem
Working Group

The mapping project has brought together a group
of highly qualified specialists who together represent a
remarkable pool on knowledge on biodiversity and
the ecosystemsof Central America. Werecommend that
this group be maintained as a Vegetation Working
Group that can continue to provide assi stance on moni-
toring, data collection, and updating of the ecosystem
map, etc.

Possibly this group could be brought together and
maintained under the aegis of the CCAD or the MBC
Regional Project. It needsto be expanded to include more
emphasis on aguatic and faunal elements.



Maintenance of the Ecosystem Map

Perhaps the single most important recommendation
we can make is that concerted efforts be made on the
part of the Central American countries, the CCAD, and
collaborating donor institutions to commit to the long-
term maintenance of the Ecosystems Map of Central
America.

The regional integrated map exists only as a snap-
shot resulting from the fusion of seven national ecosys-
tem maps in late 2000. Since that time, each of the
countriesof Central Americahave continued towork on
their national maps in accordance with their own priori-
ties and interests. The maps will undoubtedly continue
to be maintained and used in each of the countries.

However, amuch greater effort is required to allow
for continuing integration of the seven national maps.
This is still very important for all the reasons laid out
initially as objectives for this mapping project. Without
thiseffort each country will not only be unilaterally modi-
fying and remapping polygons in border areas, but the
methodology itself will naturally evolve in different di-
rections. In a number of years it would be either very
difficult, very expensive, or perhaps impossible to pro-
duce another regional map.

We recommend strongly that every measure be
taken to maintain the map on aregional basis, while of
course respecting the rights and sovereignity of each
country to define and maintain its own map (some coun-
tries may eventually have to agree to slightly different
approachesin the presentation of their data depending
onwhether itisfor national or regional purposes). Some
of these measures include the following:

* Maintanance of the V egetation Working Group.

* Nomination of an offical Focal point for the map
in each country.

* |nstitutionalization of the regional map in a cen-
tralized process that will have to be both cost-
effective and highly participatory.

* Continuing investment and effort in refining the
methodology and ensuring the participation of
all countries.
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* Shared acquisition of new satellite imagery sets
of the entire region.

¢ Definition of aprocessto allow datato flow from
the countries to the central map aswell asto al-
low datato flow easily to the countries (particu-
larly in transborder areas).

* Support for the use of the map and the associ-
ated database in regional and national monitor-
ing programs.

Presentation of the Map

The ArcView version of the regional map was produced
by CATIE. The process is described in some detail in
themaintext. Theentire ArcView file can be downloaded
from the EROS web site (linked to the World Bank site
at www.worldbank.org/ca-env).

This single file is critical for any analysis that re-
quires looking at biodiversity or ecosystems in a
regionwide perspective. It uses a projection that mini-
mizes distortions in area between different parts of the
map, but this of course introduces other distortionsin
the way the map appears, particularly in the northern
and southern extremities.

The 43 map sheetsthat constitute the regional map
can be downloaded from the EROS and World Bank
web sites. However, the useful ness of asingle map sheet
in any given country issomewhat reduced becauseitis
in a different projection than the country would
customarily use. In some countries there will be other
noticeable distortions in the map. The result is that
overlaying the map with other maps, such astopography,
roads, or even the national baseline map, may result in
minor discrepancies that in some cases could cause
interpretation difficulties.

We recommend that a regional mapping group be
convened and make decisions about how best to dis-
tribute a regional map at 1:250,000 so that it is most
useful to the participating countries. Most likely thiswill
require agreement on a projection system that can be
used for the regional map but which at the same time
can be easily converted to a series of different national
projections.
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