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INTRODUCTION

Although matare forest isdisappearing at an alanning rate in Latin América,

secondaiy forest stands are increasing atarate of1% per year (Kabakoff and Chazdon,

1996). Nearly 30% of all productive tropical forest land is now classified as secondary

vegeiation (Brown and Lugo 1990). In the Caribbean, this secondary vegetation develops

after theabandomnent ofpastures, plantations (coffee, cacao) and mixed cropping systems.

Secondary forest ássociated with karst topography is distinguished'by ahigh species

diversity and endemism. This type offorest occurs in all ofthe Greater Antilles and parts

ofCentral América (Kelly etal. 1988). In the Dominican Republic, most ofthe karst forest

occurs in Los Haitises National Park (LHNP), which wasestablished in 1976.

Agricultural activities carried out over the pasl several decades have extensively

modified ecological communities within Los Haitises National Park, but most of these

activities ceased in 1993. Although African oilpalm plantations andcacao plantations are

common in theareas surrounding thenortheastem región of LHNP, the two dominant

agricultural systems used inside the park were pastures and conucos (small-scale, semi-

migratory, mixed cropping systems). The park is now a mosaic ofhabitáis in differenl

stages ofrecovery from agricultura! activities, with only a few areas remaining relatively

undisturbed by human activities. In this study we investigated pattems offloral and faunal

biodiversity in these regenerating habitats. Ingeneral, we followed the approach to

biodiversity assessments recommended by Debinsld andHumphrey (1997).

There are 5600 vascular plant species in the Dominican Republic, ofwhich 36% are

endemic to thecountry (García and Roersch 1996). Alarge proportion of these plants are

threatened bydeforestation and other human-induced disturbances (García and Roersch

1996). In areas where the land has been released from intensive human disturbance (i.e.

abandoned pastures), it is important to understand how the previous land use may have

affected ecosystem processes necessary for forest regeneration. For example, disturbance

may affect the processes that make Navaüable for plant growth. Previous studies have
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shown that various land uses can aífect soil organic matter availability, rates of N

mineralization (the microbial conversión of organic matter to forms of N usable by plants)

and denitriñcation (themicrobial process thatremoves available N from the soil and

releases it to the atmosphere) (Keller and Matson 1994, Veldkamp andKeller 1997, and

Keller et al. 1993). In order to characterize nutiient availability across different land uses,

we initiated a studyof various processes of N cycling that make N (anessential nutrient)

available to plants, including Nmineralization, denitiification, and nücrobial respiration.

The conversiónof primary forest to secondary vegetation canhave significant

adverse effects on fauna (e.g., Terborgh and Weske 1969,Terborgh 1989,Haganand

Johnson 1992). For example,Terborgh and Weske (1969) found greatlyreduced diversity

of birds in primary forest (141 species) compared to secondaryforest (54 species). Active

disturbance through agricultural activities often has significantimpacts on faunal diversity

and abundance. When land is abandoned from agriculture, faunal communities begin to

recover. Blankespoor (1991) compared bird communities in shifting agriculture systems in

Liberia and found greaterdiversity and abundance in faims that hadbeen abandoned for

seven yearscompared to fanns thathad been abandoned only two years. Both abandoned

farms had higher diversity and abundance than farms in active use. However, it is

commonthat bird species which arecharacteristic of primary forest never appear in

regenerating habitats (e.g., Karr 1976).

Objectives

Thisproject focused on developing baselineinfonnation on the flora andfaunaof

LHN? with the goal of understanding the impact of previous land use history on the

regeneration of floral and faunal communities withinthe park. A secondobjective wasto

determine the extent to which agricultural systems in the periphery of the park may support

faunal biodiversity. This information should be useftil for designing conservation

management strategies in the park and surrounding areas.
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METHODS

Study Site Descriptlon

Los Haitises NationalParkis located in a karstic area, whichis composedof

limestone rocks of the Miocene andcovers less than 10% of the Dominican Republic land

area. The topographic features ofthe karst región are sink-holes, caves, cliffs, alluvial

terraces (long and narrow vaUeys) and mogotes (low hills) (Kelly etal. 1988; Zanoni etal.

1990). The alluvial terraces were the principal feature used for pastures, shifting

agriculture and plantations, whereas mogotes were bumed periodically or cut for charcoal

orwood production. The original vegetation of Los Haitises is classified as subtropical

broadleafforest with strong differences invegetation composition between the narrow

valleys and the mogotes (Zanoni etal. 1990). The average annual rainfall inthe study sites

was approximately 2,000 mm.

Biodiversity Monitoring Sites

In 1996, we established 42 study plots inside LHNP andon its periphery. A total

of33 permanent monitoring plots were located in three regions in the northeastem section

of Los Haitises National Park,nearthe communities of Caño Hondo (CH),Los Naranjos

(LN), and Trepada Alta (TA). Plots were each 400 m^ and were selected to be

representative of 6 types ofhabitats: mogote tops, remnant mature forest inthe basins,

abandoned cacao plantations (ca. 80 yrs oíd), abandoned conucos ("young": 2-3 yrs after

abandonment; "oíd": 6-10 yrs after abandonment), and abandoned pastures (4-8 yrs after

abandomnent) (Table 1). Forconvenience we use theterm "oíd" inreference to recovering

cacao plantations and conucos, however, "oíd" cacao plots are considerably older

communities than "oíd" conucos. Not aU habitat typescould be found at all sites,thus it

was not possible to have acompletely balanced design. Most striking was the virtual

absence ofoíd forest remaining inbasins between mogotes inthe park. We located only
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two stands of oíd forest in the three regions where we sampled, andpark guards know of

no others in these arcas. We dated the abandonmentof pastures and conucos at the three

locations based on oral histories firom park guards.

In addition, we used identical methods (see below) to monitor faunal biodiversity in

three types of active agricultural systems that were dominant in the landscape sunounding

northeasteraLHNP: traditional shadedcacao plantations, AMcan oil palm plantations, and

pastures. A minimnm of two replicate sites for each system was monitored each season.

Monltoring Strategy

Particular faunal groups, including birds, lizards, and arthropods, were selected for

monitoring as indicators ofbiodiversity. Within arthropods, we focused primarily onants

andbeetles. Certain organisms canbe particularly useful for assessing theintegrity of

biological communities. Effective biological indicators should be relatively common, easily

detected, restrictedto one or a few habitats, and sensitive to habitat disturbance. Birds, for

example, areoften used asecological indicators. Bird surveys canbe used toassess

quickly and accurately the ecological characteristics ofmany terrestrial communities (Stotz

et al. 1996). Thefollowing characteristics make birdsparticularly goodbiological

indicators: conspicuous behavior, rapid and reliable identification, ease ofsampling, stable

taxonomy, diversity andecological specialization, and high sensitivity todisturbance (Stotz

et al. 1996).

Ants have also been used as bio-indicators in a variety of contexts, including

comparisons among habitats (Oliver andBeattie 1996), comparisons of agricultural

management strategies (Perfecto and Snelling 1995, Perfecto et al. 1997), the role of

disturbance (York 1994), and environmental monitoring in regenerating habitats (Majer

1983,1992). Andersen (1990) hasargued that antsare excellent bio-indicators because

they are ubiquitously diverse and abundant, they are functionally important at all trophic

levels, they arehighly sensitive toenvironmental variables, andthey respond rapidly to
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environmenial change. Furthermore, theavailability of taxonomic keys to the ants is

among the best for neotropical insecis.

Lizards were chosen as a third faunal indicaior of biodiversity. We focused en

lizards because they are taxonomically well known, common in LHNP, easily detected,

andmanyareconsidered microhabitat specialists.

Birdsandarthropods were monitored in two wetseasons (Summer 1996 and

Summer 1997) and ene dry season (Winter 1997), witha final monitoring planned fora

second dryseason (Winter 1998). Lizards were monitored during one dry season (Winter

1997) andonewet season (Summer 1997), and will be monitored during a second dry

season in Winter 1998. These data will allow us to assess the relative abundance and

diversity ofdifferent indicator groups inhabitat types that vaiyin previous land use history

within the parkor in current landuseon theperiphery of LHNP.

Vegetation Survey

In Winter1997, vegetation in all plots was characterized, allwoody species ^ 1cm

were identified, and voucher specimens were deposited at the Jardin Botánico dela

República Dominicana. We identified and measured at breast height every woody plant S1

cmin diameter in 4 transects (1 x 50m; 200 m^). In addition, we sampled every tree ^ 10.0

cmof dbh in500 to 1000 m^. Biomass ofnon-woody vegetation (g/m^) in the

different types of landuses was estimated using 2 quadrats of 0.25 ineach transect for

a total sampled area of 2 m^ per site. Non-woody biomass samples were separated mto

fems, herbs, grasses, and vines.

Bird Survey

Bird communities were censused using fixed distance pointcounts, modifying

methods of Blondel et al. 1970(alsosee Bibby et al. 1992,Ralph et al. 1995). Counts

were made bythe same two observers throughout the study, inorder tominimize observer
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variability (Faanes and Bystrak 1981). Counts were made by recording all birds heard or

observed from apoint in the center of aplot Birds were separated into those that occurrcd

within a 30m radius of the observer, and those beyondthis fixed distance. In this report,

only data for birds within the fixed 30 mradius are included in the analyses. Although an

unlimited distance often yields significantly more data (e.g., Lynch 1995, Ralph et al.

1995), the unique topography and small size of habitat patches within LHNP restricted our

ability to accurately assign birds from beyond the fixed distance to particular habitat types.

All sites in agiven región of the park were censused once per day over a5-6 day period.

Counts were between 6:30to 10:00 during the rainy season (i.e., summer counts)

and 7:00 to 10:30 during the dry season (i.e., winter counts). tocompénsate for differences

in daylight schedules between seasons. Counts were restricted to the moming hours, as

bird activity was generally stable during this period (Robbins 1981, Lynch 1995, Buskirk

and McDonald 1995). Point counts were made over a 10-minute period (see Scott and

Ramsey 1981). All plots in aregión of the park were counted on agiven day, with each of

the two observers counting half ofthe plots. The use ofplaybacks for elusive species

(Marión etal. 1981) was implemented only during the last part ofthe study, and results

were used only to supplement biodiversity records.

Llzard Survey

Visual Survevs. During Summer 1997 (wet season) visual surveys oflizard abundance

were ineach plot along 4 mx50 mtransects. Atsix points spaced 10 mapart along

each transect, counts were made oflizards observed during a 3-minute period. Lizards

observed between census points were also recorded. Transit time between points was

approximately one minute, and the total time spent in the transects was ca. 25 minutes.

Transect surveys were conducted in each plot on atleast four days, between the hours of

9:00 and 14:00. The order in which transects were completed wasrandomized daily to

avoid visiting thesame plots at the same times each day.
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For each reptile or amphibian observed ina transect, information was recorded that

included species, location od transect, microhabitai, height (ifon vegetation), orientation

(horizontal/vertical), position (sun/shade), and time of day. Animáis witMn the transects

were never handled or collected. Animáis observed outside the transect were noted,

although they are not includedin the formal data analysis.

Trapping Grids. Asecond sampling protocol involved the use ofcommercial mouse glue

traps to capture lizards and other reptiles. Traps consisted ofa20.3 cm x 12.7 cm piece of

cardboard coated with a thin layer of highly adhesive glue. Thetraps were eífective at

capturing all but the largest reptile species, but were ineffective incatching amphibians,

pertiaps due to their moist skin.

In each plot, a total of twenty traps was laid out in a 10 mxlO mgrid. Traps were

arranged to sample four microhabitats, chosen a priori, and five traps were used as

replicates to sample each microhabitat (4 microhabitats x 5 replícale traps =20 traps per

grid). Microhabitats sampled were; 1) open ground, at least 1m away from thenearest

tree, 2) ground at treebase, 3) tree tnink, Im above the ground, and 4) tree tnmk, 2 m

above thegroimd. Ground traps were placed onbare soilor rock, while tree traps were

either tied or stapled intoposition. Traps were set in five rows offour with each row

containing one ofeach of the four microhabitat traps setina randomly detennined order.

No two traps targeting the same microhabitat were ever placed directly next toone another.

Poreach trapping grid, a map was drawn to depict where aU of thetraps were

placed inrelation to one another. In addition, the circumference ofthe tree associated with

a given trap was measured and identified. No more than one trap was associated with each

individual tree, and for this reason the trapping grids required a minimum of fifteen trees.

In some habitats in which trees were scarce, this fifteen tree minimum necessitated the use

ofa trapping grid which had anuncharacteristically high number oftrees relative to the rest

of the plot. Active pastures which were completely devoid oftrees were not trapped atall.
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The trapping grids were checked every 24 houK for the duration ofthe 120-hour

trapping cycle canied out at each plot. Lizards were released from the sticky traps by

dissolving the glue around their limbs with vegetable oil applied by a paint brush. After

removal, thefollowing data were recorded prior to releasing thelizard: species, snout-to-

vent length, dewlap size and color, and position intrap. After capture, the toenail ofthe

third toe onthe left hind liihb was clipped so that thelizard could belecognized if

recaptured.

Insect Sampling

rursorial Tnser-t rotnmunitv, The primary focus of the insect sampling was the cursorial

arthropod commuiüty, inparticular the ant community, which we sampled with pitfall traps

during three sampling periods: Summer 1996 (wet season), Winter 1997 (dry season),

Summer 1997 (wet season). Pitfall trapsare anextremely effective and reliable way to

sample the ant community (Greenslade 1973, Andersen 1990). We used a grid ofpitfall

traps to sample the cursorial arthropod community within each of the 28 plots within Los

Haitises andwithin theagricultural sitesoutside of the park. Tenpitfall traps were placed in

each plot, aligned intwo 20 m, parallel rows spaced 10 mapart. Within each row apitfall

trap was placed every ñve meters. The valleys inLos Haitises are often less than 100 m

between mogote sides. To avoid edge affecls from different habitats occurring on the

slopes of themogotes weplaced the pitfall grids in the central areas of thevalleys. On

mogote tops, we placed the grids as cióse tothe center of the highest point as possible. The

mogote tops were typically very rocky and too narrow toaccommodate a 10 mby 20 m

^d for pitfall trapping. Therefore, on the mogote tops, two 20mtransects were measured

out thatwere notless than 10m apart. The topography oftendictated thatthe transects were

noi precisely parallel ,and shallow soil and rocks onthe mogotes prohibited the traps from

being selexactly five meters apart along each transect. Thepitfalls were setascióse to each

five meter mark along the transectas the terrain would allow.
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Pitfall traps consisted of16-ounce Solo plástic cups with a diameter of9.5 cmand a

circumference of31 cm. We protected ihe cups ffom rain bysuspending a plástic píate (30

cmcircumference) 5-8cm above eachcupusing nails. Pitfall traps were dug inío the

ground such that the lip ofthe cup was level with the surrounding soil surface and

disturbance of the vegetation was kept toa minimum. After placing the trap, we replaced

soil andleaf litter around the cup to restore a more natural ground cover. Each trap was

then filled with approximately 3ounces of a50 percent ethylene glycol (antifreeze) solutíon

to preserve the arthropods that fell into thecups.

After three days, pitfall traps were emptied into a Whirl-Pak and refiUed with

preservative, such that each sample represented athree-day catch. This yielded atotal of

two 10 trap samples from each plot for each of the wet season sampling periods (Summer

1996 and Summer 1997). Time constraints limited us to one 10trapsample firom each plot

during Winter 1997. After hard raíns the traps were often filled with water. Occasionally,

thecontents of thetrap was entirely washed away, but if not theexcess water was poured

off and the remaining contents were coUected.

Insects were later transferred to a 70% ethyl alcohol solution and sorted to orderor

family. Ants (Hymenoptera: Formicidae) were sorted togenus and moiphospecies.

Flying Insert rnTnmnnitv. We also sampled the flying insect community ofthe understory

vegetation ineach plot within Los Haitises. We used Sharkey type malaise traps (163 cm

long by 108 cmhigh) tocoUect low level flying insects (Southwood 1978). The lower

portion of the trap was constructed ofblack nylon mesh and the roof was constructed of

white nylon mesh. A nalgene coUection bottle was attached to one end ofthe roof and filled

with approximately 200 miofa 70% alcohol solution. Weused ethyl alcohol when

available,but if we could not obtainethyl alcohol, isopropyl alcohol was used. We set the

traps inthe center ofthe plots, placed to take advantage ofany natural insect flight paths in

thevegetation (Southwood 1978). Where nonatural paths were present, we created a

small flight path extending approximately 5 malong the trapping axis ofthe trap. We
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collected the samples every two days during each coUection period, yielding a total of three

malaisesamples from each plot for two sampling periods (Winter andSummer 1997).

These samples have not been identified.

Soil Nitrogen Sampling

Five soilcores were collected from eachplot at TrepadaAlta, from theagricultural

sites outside the park, and from enesemi-active pasture at the park boundary. The samples

were refrigerated until analyses were cairied out, in order to slow microbial processes and

maintain levels of activity found in thefield. AU soil samples were analyzed forvarious

processes ofnitrogen (N) and carbón (C) cycüng. Microbial biomass (determined from C

and N contení in the soil) is a useftil indicator of microbial activity and nutrient cycling

within the soü. We analyzed microbial biomass using the chloroform ftunigation

incubation method (Jenkinson and Powlson 1976). Soils were fumigated withchloroform

to kill andlysemicrobial cells in the sample. A small amount of fresh soil, containing live

microbes, was added to thefumigated soilsample where the introduced microbes were

allowed to use thatpoolofkilled cellsas substrate for a periodof 10days. Both the

change in inorganic N (ammonium and nitrate) andcarbón dioxide were used as indicators

of microbial activity, since they are assumed tobe directly proportional tothe amount ofC

and N in themicrobial biomass of theoriginal sample. At the same time, inorganic N and

carbón dioxide production were measured from soilsamples incubated, but not fumigated,

for 10 days; these measurements were used localcúlate rates of N mineralization and soil

respiration.

Data Analysis

In analyzing the sampling datafrom LHNP and surrounding agricultural lands, we

looked for similarities anddifferences incommunity stiucture of manygroups of

organisms across different landuse types, geographic regions andseasons. Taxonomic
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groups used in our analyses are: txees, birds, herps (primarily lizards), ants, and beetles.

We used two methods to sample herps,so samples frcm sticky trapsand thosefrora

transects are considered separately in all analyses. Furthermore, we performed two

sepárate analyses on birds, ene including migrants that are present only in thewinter, and

ene that exeludes migrants. Each taxonomic group and each sampling lechniquefor that

group wasconsidereda different data set and each data set was analyzed separately. We

used thesame analytical methods on all data sets to facilítate making comparisons of

community structure across groups.

Weattempted to address how geography and landuse history affects both the

diversity and the composition of biological communities. The six landusetypeswithin the

park that we used in the analysis are: recovering pastures, recovering youngconucos,

recovering oíd conucos, recovering oíd cacao, lowland forestand mogotes. Geographic

regions in the analyses areTrepada Alta, Los Naranjos and Caño Hondo. We also included

the three active agricultural landusetypes (active pasture, activeoil palm and activecacao)

in some of our analyses, but they were omitted ífom those considering both landuseand

park región since there is no overlap of landuse types between the park and agricultural

plots. For birds, we were also able to consider the effect of our sampling season (Summer

1996, Winter 1997 and Summer 1997).

Community diversity andcomposition require different analytical techniques andso

they are discussed separately in the foUowing sections.

Ecological Diversity

We used several techniques to compare ecological diversity across landuse types,

geographic regions and seasons. Both the abundance of individuáis and richness of

species areimportant factors in thediversity of a community and so both wereconsidered

in our analyses. Our primaryanalysis of diversity within the park was to perform sepárate

ANOVAs on the abundance and richness of each taxonomic group per sample unit, using

landuse and geographic región as predictors. For each taxonomic group, the average
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number of species and theaverage number of individuáis for each count wascalculated. A

countwas defined as a discrete sampling unit andthetypes of counts differed foreach

laxonomic group. For birds, each 10-minute point count wasconsidered a count. whereas

each 3-day sample of 10pitfall traps of beetles and ants were considered a count. For

trees, each set of four transects was considered a count and so there was only one count for

each plot. Eachherp transect was considered a count, and eachsetof 20 sticky traps was

considered a count.

We ran two separata ANOVAs on eachdata sel,one withabundance as the

response variable andone with species number per count as theresponse (JMP statistical

package for Macintosh). These tests compared therelative effect of landuse history and

geographic región on diversity andabundance of different groups. In addition, we tested

two independent hypotheses aboutdifferences in richness and abundance between groups

of landuse typesusing a priori contrasts (JMP statistical package forMacintosh). Using a

priori contrasts, we tested whether species richness andabundance differed in: 1)mogotes

versus the five lowlandlanduse types within the parkthat have received heavier

disturbance; and 2) young conucos versus oíd conucos.

We ran two fuither sets of ANOVAson each data set that included the agricultural

landuse types and excluded geographic región as a predictor. We also tested the hypothesis

thatspecies richness and abundance inside the park differed fiom theagricultural sites

using an a priori contrast.

In addition to the statistical analyses, we calculated four diversity and abundance

statistics to illustrate ecological diversity within different landusetypesand across regions.

These statistics were calculated for each landuse in two ways: broken down by season, but

pooled across regions; andbroken down by bothregión and season. Thefirst of these

statistics is species richness, or thetotal number ofbird species seen ina landuse type for

each season (or season and región). Species richness provides gooddiscriminant ability,

however, it is also very sensitive to differences in sample size (Magurran 1988). Since
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sample sizes were not equal across all laudase types, wealso included diversity measures

that are robust lo sample size differences.

We calculated a SimpsonDiversity Index as a dominance measure lo show whelher

each landuse is dominated by oneor a few species in eachlaxononüc group. A high valué

of IheSimpson Index indícales thatIhe community is dominated by a few species, and thus

has lower diversity(Magurran 1988). Weexpress ihe Simpson Indexvalúes in their

ihverse fbrms (1/D) sothat they arecomparable to theothér diversity statistics.

Thefinal two diversity statistics we calculated are the Log and Shannon Diversity

Indices. The LogIndex is robust to differences in sample size andabundance of species

between landuses. It is also more weighiedtoward species richness than toward

dominance, andso provides a more robust measurement of diversity within each landuse

than do species richness measurements (Magurran 1988). The Shannon Diversity Index

was includedbecause it is a widelyusedandfamiliar index and it weights species richness

and abundance fairly equally.

Change in Diversity over Time.

We could onlyconsider the effect of seasons on diversity withthebird databecause

that was the only complete data sel available foranalysis of múltipleseasons. For all biid

ANOVAs, we included a season effect thatrepresented whether the counts wereperfonned

duiing Summer 1996, Winter 1997 or Summer 1997. We also performed an a priori

contrast to test whether diversity differed between the summer and winter seasons.

In presenting thediversity information ingraphical formal, we also broke the

diversity index calculations down by seasons. One data set is pooled across regions but

broken down by landuse and season, and the other is broken down across seasons,

landuses and regions. Includingseasonin theanalyses allowed us to compare whether

landuses differs in birddiversitybetween summer and winter considering onlyresidents

and considering both residents and migrants. It alsoprovides a short window inwhich we

can see whether diversity in the park appears to be increasing or decreasing.
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Community Composition

We used two methods tocompare community composition between landuse types,

oneof whichcould also be used tocompare geographic regions. Community composition

among landuse types was compared using cluster analyses for each data set based on the

presence or absence ofeach individual species ineach landuse. The distance metric used to

generate these clusters is Normalized Percent Disagreement and they were joined using the

Complete Linkage Method (SYSTAT for Macintosh). Normalized Percent Disagreement is

the appropriate distance metric for presence/absence data and Complete Linkage isa

conservative and straightforward linkage method.

To compare birdcommunity composition across both regions and landuses, we

useda De-trended Correspondence Analysis (DCA). Preliminaiy analyses using

Correspondence Analysis (CA) revealed a "horseshoe effect" inour data that can lead to

misleading inteipretations of the pattems (PC-ORD Multivariate Analysis Package for

Windows,Versión 3). Therefore, we used DCA to achieve a more reliableand

interpretable pattem than CA could provide.

To construct the ordination matrix, we calculated the average number of individuáis

of each species seen percount for each species and each plot. These valúes were put into a

matiix and log-transfoimed usingthe equation;

V'=ln(V+l)

where V' is the transformedvalué and V is the original. The ordination axeswere creced

and the data graphed using PC-ORD Multivariate Analysis Package for Windows, Versión

3.
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RESULTS

Vegetation

SpeciesRichness ofWoody Vegetation

A total of 166 tree species were observed in the study plots (Table 2). Within the

park, landuse history significantly affected treespecies richness (F„j(„=10.660,

P<0.0001; Fig. 1). Tree species richness was lowest in regenerating pasture and highest

onmogote tops. Planned contrasts showedthat species richness was significantly higher

en mogote tops than in any other habitat {F(, 20)=29.317, P<0.0001; Fig. 1). Species

richness also increased with age, such that oíd conucos (6-10 years añer abandonment) had

significantly higher species richness than young conucos (2-3 years after abandonment)

(F(, j£,j=4.575, P=0.0450; Fig. 1). When tree diversity was calculated using Shannon's

Diversity Index, Simpson's Diversity Index, and the Log Diversity Index, similarpattems

were evident (Fig. 2). There were no significant differences between park regions (Caño

Hondo, Los Naranjos, Trepada Alta) in tree species richness (Table 3).

Density and Basal Area of Woody Vegetation

Tree abundance per plot (number of stems per plot) varied significantly among land

uses (F(i 20)=5.817, P=0.0018; Fig. 1). Tree abundance was lowest in forest and

abandoned cacao and highest on mogote tops. Planned contrasts showed that tree

abundancewas significantly higher on mogote tops than in any other habitat

(F(,20)=19.329, P=0.0003: Fig. 1). Tree abundance also increased withage, such that oíd

conucos had significantly higher tree abundance than young conucos (F^,^=4.471,

P=0.0472; Fig. 1). There were no significant differences between park regions in tree

abundance.

There was a significant difference in basal area among the different typesof land

uses (F(5 20,=6.400, P=0.0011; Fig. 3). Basal area was highest in forest and lowest in

young and oíd conucos. Planned contrasts showed that basal area increased with age, such
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that oíd conucos bad higher basal area than young conucos P=0.0581; Fig.

3). There were no signifícanl differences beiween regions of the park in basal arca.

Biomass ofNon-woody Vegetation

Estímalesof total non-woody biomass weresignificantly bigher in pasturesites in

comparison lo the rest of the land uses (P=0.0004,Fig. 3). This differcnceis due to high

biomass estímales of fems in abandoned pastures when compared to the rest of biomass

components (graminoids, vines, herbs) and compared to other land uses (Fig. 4).

Community Composition

Mogote tops bad an uniquespecies composition in comparison withthe other forest

stands. Both DCA ordination (Fig. 5) and cluster analysis (Fig. 6) clearly separated

mogote tops from the rest of the land uses. Separation of young and oíd conucos and

separationof pastures and conucos were also evidentin the ordination, although species

compositionin pastures overlapped most withyoung conucosin theclusteranalysis (Fig.

6). Cacao plantations and forest grouped closely together in the cluster analysis and also

overlapped somewhat with oíd conucos in the ordination.

Pastures were dominated by the shrubs Piper aduncum and Psidiumguahava.

Young conucoswere also dominated by Piperaduncum as well as Triumfetta spp., Citrus

spp. and Cecropia schreberiana. Oíd conucos were dominated byInga vera, Piper

laeteviride, Spondias mombín, and C. shreberiana. Abandoned cacao plantations were

dominated by cacao (Theobroma cacao) as well as Inga vera, Spondia mombín, Guarea .

guidonia, and C. schreberiana. Forests were dominated by Guarea guidonia and included

Piper laeteviride, Artocarpus altilis (breadfhiit), and Zanthoxylum martinicense. Finally,

mogote tops, the most diverse sites, contained Ocotea coriácea, Bombocopsis ermarginata,

Prunus myrtifolia, Clusia rosea, and Cinamodendron ekmanii, among many others.
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Birds

Species Richness, Abundance, and Diversity

Over the three samplingseasons (Summer 1996, Winter 1997, and Summer 1997),

a total of 49 species of birds were observad in our study plots within the park (Table 4).

Within the park, land use history significantly affected bird species richness per point count

(F(, 447)=16.983, P<0.0001; Fig. 7) andoverall bird abundance per count (Fj, 44,)=10.516,

P<0.0001; Fig. 8). When only year-round resident birds were considered, species richness

per count (F(i 447j= 16.763, P<0.0001: Fig. 7) and abundance per count (F(j 447)S:l0.441,

P<0.0001; Fig. 8) differed significantlyamong land uses. Bird species richness per count

(F(ij29)=^2.672, P<0.0001; Fig. 7) and bird abundance per count (F(,^29j=3.316,

P=0.0692; Fig. 8) were higher in plots within LHNP than in active agricultural systems on

the periphery of the park. Resident birds also had higher species richness per count

(F(ij29)=^71.644, P<0.0001; Fig. 7) andabundance per count (F(ij29r3.094, P=0.0792;

Fig. 8) inside the park thanouiside. Similarpattems were evident from calculations of total

bird species richness per land use (Fig. 9) and bird diversity using Shannon's Diversity

Index (Fig. 10), Simpson's Diversity Index (Fig. 11), and the Log Diversity Index (Fig.

12).

Within the park, planned contrasis indicated that bird species richness per count

(F(i,447)=6.429, P=0.0116; Fig. 7) and abundance per count (F^j 447^=7.690, P=0.0058;

Fig. 8) was significantly lower on mogote lops than in any other habitat. Similarly,

resident birdspecies richness per count (Fj,447j=5.831, P=0.0161; Fig. 7) and abundance

per count (F„4477=7.434, P=0.0067; Fig. 8) were significantly lower on mogote tops than

in other habitats. A comparison of bird species richness and abundance in young conucos

(2-3 years after abandonment) and oíd conucos (6-10 years after abandonment) indicated

that therewassignificantly higher species richness per count (F^, 4477=35.091, P<0.0001;

Fig. 7) and abundance per count (F^, 4477=22.370, P<0.0001; Fig. 8) in oíd conucos. The

pattem is similar when only resident birds are considered; species richness per count
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(F(, 447)=35.623, P<0.0001; Fig. 7) and abundance per count (F(i „.,j=22.745, P<0.0001;

Fig. 8) are higher in oíd conucos ihan in young conucos.

There were no significant differences between park regions (Caño Hondo, Los

Naranjos, Trepada Alta) in bird species richness for either all birds or resident birds oniy

(Figs. 13-18), but abundance was marginally higher in Caño Hondo than in the other

regions (all birds: F(i 44,,=2.495, P=0.0837; resident birds: F^j 44,,=2.721, P=0.0669: Figs.

13-18). However, sampling periods diffeied significantly for total bird species richness

P<0.0001; Figs. 9-14), total bird abundance (F^j^j,,=6.701, P=0.0013;

Figs. 13-18), resident species richness (F„_j29,=8.401, P=0.0003: Figs. 13-18), and

resident abundance (F(,j2¡,)=6.466, P=0.0017; Figs. 13-18). A comparison ofwet season

and dry season samples indicated that only total bird species richnessdiffered between

seasons (F^, 529)=7.226, P=0.0074: Figs. 13-18), with greater richness in the dry season

than in the wet season.

Community Composition

Composition of bird communitiesdisplayed considerabledifferencesbetweenactive

and regenerating habitats. This was reflected in the ordinations (Figs. 19-22) and cluster

analyses (Figs. 23 & 24), in whichactivesites formed a discrete cluster. Thus species

such as the White-necked Crow, Hispaniolan Parrot, Ridgeway Hawk, Red-legged

Thiush, Cave Swallow, and various species of Columba pigeons were common only in

the park and rarely seen in the peripheral active sites. Among the regenerating sites, newly

regenerating habitats (pasture, young conuco) formed a discrete cluster when compared to

the sites undergoing regeneration fot a greater length of time. Furthermore,a number of

species (e.g., Ruddy Quail Dove and Red-legged Thiush) were considered forest dwellers,

and were found only in forested park habitats or the active cacao sites with a relatively

dense tree canopy. This was also true for most neotropical migrants encounteredin the

censas plots, which were most common in forested park and active cacao sites. Active

agricultura) sites generally contained fewer species of birds than the regenerating sites.
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Particularly striking was the paucityof individuáis and species in the oil palmplantations,

where the only birds foundwere abundant and widespread species such as Bananaqnit,

Mouming Dove, Black-crowned Palm Tanager, Lizard Cuckoo, Hispaniolan Woodpecker,

Antillean Piculet, Palm Chat, and Vervain Hummingbird.

Lizards

Species Richness, Ahundance, and Diversity

A total of 21 species of reptiles and amphibians were observed within the study

plots, including 14species detected during transect surveys (Table 5) and 16species caught

in sticky traps (Table 6). As measured by transect surveys, land use history within the

park significantly affected lizard species richness per count (F^, 5^^=9.084, P<0.0001; Fig.

25) and abundance percount P<0.0001; Fig. 25). Lizardspecies richness

per count was higher inyoung conucos than inolderconucos (F(,56p4.580, P=0.0349;

Fig. 25), but abundance did not difíer according to conuco age. Planned contrasts using

transect data indicated that lizard species richness percount (F(i.96)=18.178, P<0.0001; Fig.

25) and abundance percount =5.611,P=0.0198; Fig. 25) weresignificantly higher

on mogote tops thanin any otherhabitat. Overall species richness per land use(Fig. 25)

and diversity índices (Fig. 26) showed higbest diversity for mogote tops and young

conucos within the park.

Stickytrapsamples also indicated thatlizard species richness per sample

(F{i ,i2)=2.560, P=0.0311; Fig. 27) and abundance per sample (F^, i,2)=2.167, P=0.0627;

Fig. 27) varied significantly among land uses. Sticky trap catch indicatedhigherlizard

species richness per sample in oíd conucos than young conucos (F^, ii2>=^-085' P=0.0457;

Fig. 27), with no differences in abundance. As was the case with transect data, stickytrap

data indicated that lizard species richness per sample (F(n,2)=6.757, P=0.0106; Fig. 27)

and abundance persample (F^,, [2)=10.773, P=0.0014; Fig. 27) were significantly higher

on mogote tops thanin any otherhabitat. Thiswas supported by overall species richness
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per land use (Fig. 27) and all thediversity índices (Fig. 28). Severa! species of lizards

were detected only on mogote tops, and at least ene of these, Sphaerodactyluscochranae,

is endemic to mogote tops in LHNPand has been considered to be extremely rare. Before

our studies, only three individuáis hadeverbeen collected (two in 1946andone in 1971;

Schwartz andThomas 1982).

In agricultura! systems outside the park, transectsurveys indicated thatlizard

species richness and abundance were highest in activecacao systems andlowest in pastures

(Fig. 25). Sticky trap data support the conclusión that species richness and abundance

were highest in cacao plantations (Fig. 27). Because active cacao hadextremely high

species richness and abundance, agricultura! sites on average hadhigher lizard species

richness percount (F(,_,33j=4.850, P=0.0294; Fig. 25) and abundance per count

(F{, i33)=7.746, P=0.0062; Fig. 25) in transect surveys when contrasted with sites inside

the paik. Stickytraps similarly indicated that lizardspecies ñchness per sample

(F(, ,323=15.995, P=0.0001; Fig. 27) and abundance per sample (F^, ,j2)=50.790 P<0.0001;

Fig. 27) were higherin active agricultura! systems on the periphery of theparic than in plots

within LHNP. However, transect surveys indicated that active pastures had the lowest

species richness and abundance of any habitats, inside or outside the park(Fig. 25). When

lizards were comparedamong different regions of LHNP (Caño Hondo,LosNaranjos,

TrepadaAlta),TrepadaAltahadsignificantly higherlizard species richness per sample

(transects: F^, 9^3=21.095, P<0.0001, Table 7; sticky traps: Fj, ,,23=2.560, P=0.0311, Table

8) and higher lizard abundance persample (transects: F^, ,53=7.446, P<0.0001; sticky traps:

F„„2,=2.167, P=0.0627).

Community Composition

There was considerableoverlap in the composition of lizards assemblages among

the differenthabitat types(Figs. 29-34). Most habitat types containedmost species of

Anolis. A. distichus was invariably the most abundant lizard in the sticky traps in all

habitats, with the exception of oil palm plantations in which A. cyboteswas the most
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abundant lizard species. Mogotetops displayed the most unique assemblages of lizards, as

five species of Sphaerodactylus were found en mogotes including the rare S. cochranae.

No single mogote contained allSphaerodactylus species,and different species were found

in different regions of the park. Sphaerodactylus was observed in only two other habitáis;

S. difficilis was collected in oíd conuco and a single S. samanensis was found in an oíd

cacao site at Los Naranjos. Three species of the agulid Celestas were collected in sticky

traps. C. stemurus was themost abundant Cestasspecies and occurred in all habitats

except young conuco. Inlerestingly, we only found C costatus in the oil palm plantations.

Species ofAnolis utilized grotmd and tree imcrohabitats differentially (Fig. 35).

Species could be classified as clearecomorphs, as has beenreportedelsewhere (e.g.

Williams 19##). A. baleatus was found almost exclusively in trees, which is consistent

with its classifícation elsewhereas a crown giant. A. chlorocyanus and A. distichus were

also found mostly in trees and have been considered trunk-crown and trunk species,

respectively. In contrast, A. cybotes and A. semilineatus utilized both tree trunks and

ground, but the majority of capturesoccurred in ground traps. Likewise, Celestas was

found almost exclusively on the ground and only a single individual was captured on a tree

trunk. Most Celestas captureswere evenly divided on the ground and tree base. Finally,

Sphaerodactylus were found mostly at the base of trees, although a few individuáis were

found in traps on tree trunks at a height of 1 meter and several individuáis were capturedon

ground traps away from the base of trees.

Insects

Fourteen orders of insects were represented in the pitfall samples from Summer

1996 (Table 9) and Winter 1997 (Table 10). In addition, at least 10 orders of other

arthropods were also representedin the samples. Among these groups, ants have been

separated into morphospecies and beetles separated into families for the Summer 1996
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sample. Data onrichness, diversity and community con^osition is thus available at the

species level for ants and at the family level for beetles.

Species Richness, Abundance, and Diversity

Ants. A total of 63 morphospecies of ants were coUected withincor study plots (Table

11). Within the park, land usehistory significantly affectedant species richness per sample

(F,i 45j=9.983, P<0.0001; Fig. 36) and abundance per sample =5.794, P=0.0003;

Fig. 36). Within the park,planned contrasts indicated thatper sample ant species richness

(F(, 4J)=6.417, P=0.0149; Fig. 36) and abundance (F„ 4jj=6.209, P=0.0165; Fig. 36) were

significantly loweron mogote tops than in otherhabitats. In addition, ant species richness

(F^i_4jj=35.248. P<0.0001; Fig. 36) and abundance CF(, 45j=15.909, P=0.0002; Fig. 36)

were lower in oíd conucos than in young conucos. In agricultural systems outside the

park, ant species richness persample and abundance persample were highest in active

pastures and lowest in oil palmplantations. Because of the extremely high speciesrichness

and abundance per sample in activepastures, agricultural sites on average had higher

species richness persample (F(,^j=l 1.633, P=0.0012; Fig. 36) and abundance per sample

(F(,^)=229.497, P<0.0001; Fig. 36) when contrasted with sites inside the park. Total ant

species richness perlanduse (Fig. 36) and overall antdiversity were calculated using

Shannon's Diversity Index, Simpson's Diversity Index, and the Log Diversity Index,

similar pattems areevident(Fig. 37). When antswerecompared among different regions

of LHNP (Caño Hondo, Los Naranjos, Trepada Alta), Trepada Alta had significanüy

higher ant species richness persample (F^ 4jj=6.249, P=0.0040, Table 12) andabundance

per sample (F,, 45,=5.986, P=0.0050) than the other regions.

Beetles. A total of 20 families of beetles were collected within our studyplots (Table 13).

Within the park, land use history significantly affected beetle family richness per sample

(F,j 45j=2.61 1, P=0.0372; Fig. 38), but not beetle abundance. Per sample beetle family

richness and abundance were highest in oíd foresl and mogotes and lowest in young

conuco. In agricultural systems outside the park, per sample beetlefamily richness and
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abundance were highest in active pastures and lowest ín oil palm plantations. Agricultural

sites outside the park had lower beetle family richness per sample (F(,^j=3.080,

P=0.0850; Fig. 38) and abundance per sample (F^,^4,=2.815, P=0.0993; Fig. 38)when

contrasted with sites inside the park. When overallbeetle family diversity were calculated

using Shannon's Diversity Index, Simpson's Diversity Index, and the Log Diversity

Index, similar pattems are evident (Fig. 39). When beetles were compared among differení

regions of LHNP (Caño Hondo, LosNaranjos, Trepada Alta), Trepada Alta had

significantly higher per sample beetle family richness (F(j 4j,=3.091, P=0.0552, Table 14)

and abundance (F^, 4jj=9.897, P=0.0003) than the otherregions.

Community Composition

Ants. Ant community composition was difficult to interpret, as there were few

generalizations that could be made aboutdifferences in species identities according to

habitat type. Furthermore, there was a lack of congmence between the ordinations (Figs.

40 & 41) and cluster analyses (Fig. 42), and interpretations differed based on total number

trapped versas number per unit effort. Youngconuco containedconsiderably higher

diversity and a higher number of unique species (i.e., species found in no other habitat

type), and this was reflected in the ordination (Fig. 41), where youngconuco formed a

distinct clusterfrom all otherhabitattypes. Active andregenerating pastures alsocontained

a relatively large number of unique species. In contrast, regenerating cacao contained very

few ants and these were dominated by a singlespecies, Odontomachus sp. 1.

Beetles. Mogote tops had a unique composition of beetle families comparedto other

habitats, and this was evident in the DCA (Figs.43 &44) and cluster analyses (Fig. 45).

Other pattems for beetle families were difficult to discem. The most widespiead families

were Staphylinidae, Scarabidae, Nitidulidae, and Curculionidae. Carabidswere generally

common in all of the regenerating habitats except oíd cacao. Curiously, oíd cacao had few

beetle families, although staphylinids and scarabids were abundanl withinoíd cacao plots.
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Soil Nitrogen

Soil organic matter was extremely highanddiffered sígnificantíy among land uses

(F(ggo)=101.543, P<0.0001; Fig. 46). Por habitats within ihe park, planned contrasts

indicated that mogotes badsígnificantíy higher soil organic matter contení than otber

habitats (F^, 8o,=399.894. P<0.0001; Fig. 46), and oíd conucos had higher organic matter

content than young conucos (F„ go)=4.148, P=0.0450: Fig. 46). In agricultura] systems

outside thepark,soilorganic matter content was highest ín semi-active pasture andactive

cacao plantations and lowest inoilpalm plantations. Ingeneral, agricultura! sites outside

theparkhadsígnificantíy lower soil organic matter content than sites inside the park

(F(,,8oj=188.373, P<0.0001; Fig. 46).

Nitrogen mineralization rates differed sígnificantíy among land uses (F(84oj=2.5074

P=0.0450; Fig. 47). For habitats withinthe park, planned contrastsindicatedthat mogotes

had sígnificantíy higher nitrogen mineralization rates than other habitats (F^, 4qj=1 1.842,

P=0.0014; Fig. 47), but therewas no difference betweenoíd conucos and youngconucos.

In agricultura! systemsoutside the park,nitrogen mineralization rateswere highest in active

cacao plantations and lowest in active pastures. In general, agricultura! sites outside the

park had lower nitrogen mineralization rates than sites inside thepark (F(,_40)=3.394,

P=0.0729; Fig. 47).

Net nitrification rates differed sígnificantíy among land uses =4.313,

P=0.0008; Fig. 48). For habitats within the park, planned contrasts indicated that mogotes

had sígnificantíy higher netnitrification rates than other habitats (F^, ^{,5=24.619, P<0.0001;

Fig. 48), but there was no difference between oíd conucos and young conucos. In

agricultura! systems outside the park, nitrificationrates were highest in active cacao

plantations and lowest in active pastures. In general, agricultura!sites outside the park had

somewhat lower nitrification rates than sites inside the park (F(, 4oj=3.534, P=0.0674; Fig.

48).
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Soil microbial respiiation differed significantly among land uses (F^4£„=7.857,

P<0.0001; Fig. 49). Por habitats wiihin the park, plannedcontrasta indicatedihatmogotes

hadsignificantly higher microbial respiration than other habitats (Fn40)=29.290, P<0.0001;

Fig- 49), but there was no differencebetween oíd conucos and young conucos. In

agiicultural systems outside the park, microbial respirationwas highest in semi-aclive

pasture and lowest in oil palm plantations. In general, agricultural sites outside the park

had somewhat lowermicrobial respiration than sites inside the park (F(hqj=3.317,

P=0.0760; Fig. 49).

Soilmoisture levels differed significantly among land uses (F(8 goj=56.309,

P<0.0001; Fig. 50). For habitats within the park, plaimed contrasta indicated that mogotes

had significantly higher soil moisture levels than other habitats (F^j 8oj=49.0145, P<0.0001;

Fig. 50), and cid conucos had higher moisture levels than young conucos (F(, go,=18.138,

P<0.0001; Fig. 50). In agricultural systems outside the park, soil moisture levels was

highest in semi-active pastures and active cacao plantations and lowest in oil palm

plantations. In general, agricultural sites outside the park had significantly lower soil

moisture levels than sites inside the park (F^, 8oj=100.438, P<0.0001; Fig. 50).

DISCUSSION

Plant Communities

Previous land use had strong impacts on the diversity and species composition of

forests in the karst región of DominicanRepublic. Along with results from Wise (1997),

the results reported here suggest that there are strong dMerences In successional trajectories

in the plant communities of recovering pastures compared to recovering conucos. Wise's

research on early stages of succession shows th^ the inhibitionof plant regeneration in

pastures is strongly influenced by a particular introduced pasture grass, Brachiaria

decumbens (pelua). The plant data coUected in Ihis study are consistent with Wise's

conclusions. The fem, Nephrolepsismultiflora, appears to be one of the few species able
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to invade pastures planted to B.decumbens, and the dominance of thisspecies was

reflectedin the herbaceous biomass data in this study. Total herbaceous biomass (kg/ha)

was significantly higher in recovering pastures than in recovering conucos, and this result

was driven by the biomass of this fem species.

Tree species diversity appeared to increase faster in pasturesthan incacao

plantations, in part because cacao is shade tolerant and recruits naturally in these abandoned

plantations. Theoverstory tree, Guarea, can respond to a wide range oflight and nutrient

condition (Fernández, 1997) andproduce many médium size seeds. These characteristics

haveallowed thisspecies to be one of the dominant speciesin cacaoplantations andforest.

The effect of previous landuse andthe dominance of a few species could influence forest

dynamics and species composition for over 100 years.

Fauna] Communitíes

It is unclear, however, how much these differences between previous landuses in

the plant community will influence faimal recoveiy. Surprisingly, thecomposition of

faunal assemblages displayed considerable overlap among many habitats, including

recently abandoned pastures andconucos. One potential explanation is that much of the

remaining species poolis composed of generalists that are able to utilize a broad varietyof

habitat types. Thus,if the remaining faunal diversity is composed largely of opportunistic

"weedy" species, thenfew differences in community composition would be apparent

Such a pattems could result if the available pool of colonists has been drastically reduced

due to habitat loss in the región. If such an explanation is coirect, then faunal recovery in

the park is likely to be slow or nonexistent. Further, it would underscore theimportance of

placinghighpriority on maintaining the few relatively intact fragments remaining in the

park, since these would be the source pools for any future recovery.

Altematively, static measures of abundance and diversitymay notnecessarily be

good sunogates of the performance of species in different habitat types; thus, species

abundance and diversity could be similar among habitat types, yet some habitats could
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serve as sources while others serve as sinks. For exaraple, in the Northeastem U.S.,

ovenbirddeiisities increasedin forest fragments recently isolated due to logging (Hagan et

al. 1996). Although densities of birds were hlgh in these forest fragments, reproduction

was lew due to behavioral disñinction, demonstrating that some habitats can serve as

population sinks despite high apparent densities.

When pattems of diversity and abundance are compared among habitats, not all

fatmal groups showed complete concordahce in this study. Otherauthors have also found

nonconcordance in species lichness among different taxa (Prendergast et al. 1993, Dobson

et al. 1997). However, these other studies were designed to examine the overlap of

biodiversity "hotspots" and were carried out at large geographic scales. One conclusión,

relevant across spatial scales, is that it is essential to use more than one taxaof indicator

species when conducting a biodiversity assessment. Por example, amonglizards we see

several extreme mogote specialists;that may tum out to be true for insects as well, but does

not appear to apply to birds.

With respect to faunal communities in agricultura! systems outsidethe paric, we

found relatively high numbers of individuáis and high species diversityin cacao, whereas

oil palm plantations were extremelydepauperare. Active pastures appeared to be

intermediare in their ability to support bird biodiversity, although lizarddiversity was very

low in these systems.

There is growing recognition that various agroforestry systemsmay be reasonably

effective forest surrogates for some faunal groups in many tropical areas (e.g., Terborgh

1989, Robbins et al. 1992, Wunderle and Walde 1993, Wunderle and Latta 1994,

Greenberg 1996). For example, other workers have shown that shadedcoffee, with its

vertical habitat structure, supports considerablymore biodiversity thanunshaded "sun"

coffee, which lacks a well developed forest canopy. Wunderle and Waide (1993) found

much higher species richness of migrant birds in shade coffee plantations con^ared to sun

coffee plantations in Jamaica. Perfecto and colieagues (Perfecto and Snelling 1995,
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Perfecto etal. 1997) have found higher diversity of ants and other insects in shade coffee

compared to sun coffee.

Thelarge degree ofhabitat heterogeneity in cacaosiles is probably one of the major

reasons why they serveas good surrogates of natural forest compared to oU palms and

pasture (Terborgh 1989). Traditionally, cacao is grown under cover of various species of

large shade trees, and theunderstory often contains a diverse assemblage of herbaceous

plants. Factors such as humidity, light, and ground cover incacao groves iMy bemuch

more representative of a natural forest than pastures andoil palmplantations. In fact, from

aerial photographs of theLos Haitises región, it is hard to distinguish cacao groves from

natural forest. One of the limitations on cacaogroves serving as reservoirs of biodiversity

is that they may not represent large enough forest tracts to support some vertébrate species.

However, this is a problemassociated withfragment size rather thanthe suitability of cacao

per se.

Solí Nitrogen

Results fromthis study suggest that landuse can have a significant impacton

nitrogen (N) cycling in theregión ofLosHaitises National Park. Regenerating forest soils

tend to havesignificantly higher amounts of moisture, organic matter, andmicrobial

activity, as well as rates ofN mineralization and nitrification. It is important to understand

rates of N mineralization and nitrification within soils since it is one of the dominant

processes controUing N availability forboth cropplantsandregenerating plantspecies. N

mineralization is the process whereby organic matter getsconverted to inorganicN, a foim

that is usable for uptakebyplants. Since microbes cairy out thisprocess, studying their

activity (i.e., microbial respiration) can help us to understand therate at which N is tuming

over in the soil.

Previous studies have shown that various land uses can affect soil organic matter

availability (the primary source of nitrogen andcarbónfor microbes), rates of N
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mineralizatíon (the microbial conversión of organic matter to forms of N usable by plañís)

and denitrification (themicrobial process thatremoves available N fromthe soiland

raleases it to the atmosphere). N cycling in soils changes drastically when the land is

altered from a pristine forest (Keller and Matson 1994, Veldkamp and Keller 1997, and

Keller et al. 1993). A study by Reiners et al. (1994) has shown that changing forest to

pasture decreases soil acidity, lowers porosity (water availability), and lowers N-

mineralization (N availability to plants). Additional studies have shown thatcohverling

forests to pasture can increasedenitrificationrates, although secondary

The high amount of microbial aclivity in regenerating sites may be due to the high

amount of soil moisture and organic matter made available to them (see Soü Moisture

Figure). Previous studies have shown that water availability to microbes can strongly affect

the rate at which theymineralize ffesh inputs of organic matter (Aber andMelillo 1982).

Within regenerating sites of Trepada Alta, mogote tops have a significantly higher

amounts of N availability, as evidenced by the high amount of microbial activity,

mineralizatíon and nitrificaiionrates. This may be due to the high amountof soil moisture

and organic matter present in these soils; these areas may have been disturbed relatively less

than the valley floors because of the very steep slopes leading up to them. Also within the

park, there is a significant difference in both water and organic matter availability across oíd

and young conuco stands. Oíd conucos tend to have a significantly higher amount of both

soil moisture and organic matter availability. This may be due to the fací that the mixed

gardens that were once present there were abandoned earlier, and thus a larger amount of

natural vegetation has been able to recover in these areas. With forest recovery comes a

larger amount of leaf litter input, and thus organic matter, to the forest floor. There is no

significant difference across age of conucos for rates of microbial activity (including N

mineralizatíon and nitrification). The soils in the older conucos may not have had enough

time lo completely respond to the higher amounts of organic matter available there, and thus

there has been no significant increase in microbial activity within thosestands.
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Outside of the park, the highratesof microbial activityfoundin cacaogroves may

be because they havedense canopy cover,high soil moistureand high organic matter, and

are henee the most simüar lo natural forest conditions. On the other hand, the African oil

palm plantations and active pasture siteshave the lowestamountof microbial activity

associated with Ihem. This may be due to the large amount of soil disturbance present as a

result of soil compaction caused by cows and the very low amountof plant andlitter cover.

PRELIMINARY RECOMMENDATIONS

• Park managers shouldplace high priority on maintaining the few relatively intact

fiagments of forest remaining in the park, since these will serve as the source pools for

any future recoveiy of floral and fauna! communities.

• Park managers may need to take an active role in restoration of some parts of the park.

The pasture grass Brachiaria decumbens (pelua) has a significant, lasting influence on

secondary successionin pastures, and the regeneration of forests is significantly

retarded in pastures. Fostering restoration in pastures would require the aggressive

removal of this grass. Few valleys have intact forest and replanting native species may

be required, where natural seed sources are unavailable.

• If a buffer zone wereeslablishedaround the paik where son» agriculturalactivities are

incorporated, cacao systems and conuco agriculture is preferable to Afiican oil palm for

supporting biodiversity in the area.

• LHNP should use an adaptive management approach to managing biodiversity.

Adaptive management adjusts management strategies accordingly as new information is

acquired (Grumbine 1994, Holling 1978, Walters 1986). This is especially important

because few data are presently available pertinenl to recovery and restoration of the

región. It may be difficult to extrapólate from other tropical systems because of the

unique geology of the Los Haitises región.



Page A-32

Inorder toprovide theinformation necessary tocany outadaptive management, it is

critical that moniloring efforts be conlinued for both flora and fauna in LHNP.

Monitoring will allow for evaluation of the resulta of management actions and

modification of those actions. It is important that monitoring efforts are undertaken that

sample a broader set of regions of LHNP. Our sampling was limited to one comer of

LHNP, and the degree to which ourfindings are applicable to otherparkregions is still

unkno\Vn.
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Tablel

Table 1. Number of permanent moniloring plots ateachof three locations inLHN?.

Trepada Alta
3
1
O
2
2
3

Habitat Tvoe Caño Hondo í^s Naranios

Mogote top 0 3

Forest 0 1

Oíd Cacao 2 0

Oíd Conuco 3 3

Young Conuco 2 1

Pasture 0 2 i'
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Table 2

Average Number of Individuáis per Count of Tree Specles in Each Landuse
Type. Data are from Winter. 1997 Vegetation Surveys.

Oíd Young Oíd Oíd

Genus SDecies Pasture Conuco Conuco Cacao Forest Mogote

Alchornia latifolla - 2.00 — - 4.67

Allophyius cominia -
— —

— — 13.33

Ardísia obovata - — — — 4.17

Artocarpus altiíis - 0.20 1.00 — —

Artocarpus altitis —
—

V

— 4.00 ••

Bixa orellana - 10.00 9.88 — ••

Bombacopsis emarginata ~
— — —

— 70.00

Bursera simaruba - — — — 5.50

Calliandra calothyrsu - 4.00 " — — —

Calophyilum brasiliens 1.00 — — — — 23.33

Calycogonium hispidum -- ~ 0.63 — — —

CalyptranthGS pallens — — — — — 2.50

Calyptranthes zuzygium " — — — — 3.67

Carica papaya 0.40 -- — — —

Gasearía aculeata - 3.00 7.50 — — —

Gasearla sylvestris - ~ - - 1.00 3.33

Gecropia schreberia 2.20 3.80 5.63 2.50 2.50 3.67

Ceiba pentandra - — 0.13 " - —

Chionanthus domingensi - - — 0.33

Chione venosa - — " — — 0.83

Ghrysobalanus Icaco - — - " ' — 0.83

Ghrysophyílum argenteum - — " — — 2.50

Ghrysophyilum oiiviforme "
— — — — 1.67

Ginnamodendron ekmanli ~ — ~ — ~ 9.33

Ginnamomum elongatum — — - - 2.83

Ginnamonum grisebachi - — 0.38 — 5.00 1.00

GItrus sp. — 8.80 14.13 0.50 0.50 —

Glerodendrum spinosum ^ ~ - - — •• 0.83

Glidemia umbellata ' 1.00 - ~
. -

~

Glusia minor ~ — - — - 16.83

Glusia rosea — — — - 6.17

Goccoloba diversifol - ~ - ~ 49.67

Goccoloba pubescens - — - — 0.83

Cocos nucífera 0.60 2.20 0.13 — - —

Goffea arabica — 9.00 11.25 - 2.50 ~
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Tree Species by Landuse Llst - Page 2

oíd Young
Conuco

Oíd

Conuco

Od

Cacao Forest Mogote
.áenus

Coffea liberíca - ~
0.13 -

Coffea sp. —
2.00 ••

Comocladia glabra ••

Cordia polycephal 2.00 •- ••

Cupania
Dendropanax

americana

arboreus

6.00

1.00 -

1.50

4.38 20.00

)esc LN630 —

Desc. LN21 — 1.00

Desc. LN616 — — ••

Desc. LN618 —
••

"

Desc. LN619 — — ••

~

Desc. LN622 — —
••

Desc. LN623 —
"

Desc. LN624 —
••

~

Desc. LN625 " ••
••

~

Desc. LN631 —
••

Desc. LN632 —
•• ••

Desc. LN64 —

Desc. LNSS — ••

Desc. LN68 — ••
**

Desc. LN711 — •-

Desc. LN78 — •• ••

Desc. LN814 ~
— ••

~

Desc. LN815 —
— ••

Desc. TA102 — —
~

Desc. moglO — —

Desc. mogS — •-
••

~

Didymopanax morototoni —
•• 0.38

Drypetes alba — ••

Drypetes glauca —

Drypetes ilicifolia —
-• ••

Drypetes lateriflor

Drypetes sp. ""

~

1.13Erythrina poeppigian —

Erythroxylum rufum ••

Eugenia

Eugenia

confusa

domingensi —
— 0.13 0.50

Eugenia odorata ~~

8.50

5.00

8.33

35.50

0.17

0.50

0.1

0.17

0.1

0.1

0.17

0.17

0.3

0.33

0.17

0.1

0.1

6.67

0.8

0.3

0.3

0.33

0.33

0.83

1.83

0.83

0.17

3.83

. 1.67
3.33

0.83

1.67

0.83
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Tree Species by Landuse Ust - Page 3

Oíd Young ow Oíd

Qenus Species Pasture Conuco Conuco Cacao Forest Moaote

Eupatoríum odoratum 2.00 2.00 - - -
—

Euphor LN91 •• — •• •• 12.50

Exothea paniculata — — — ** •• 4.50

Rcus citrifolia - " — — •• 0.33

Rcus maxima - — 0.75 — — 8.83

Rcus sintenisii - - — — 1.17

Rcus sp. - - -
— — 0.67

Rcus trigonata - — i •• •• •• 1.50

Remingia strobilife 1.00 4.00 ••

Genipa americana — 0.13 — ••

Gesnería viridiflor - " — — 17.50

Gonzalagunia hirsuta 2.00 — 1.25 •• — "•

Guapira fragans — —
" •• — 5.33

Guarea guidonea 8.00 4.00 55.88 22.50 17.00 0.83

Guatería blainli -
— — ••• •• 0.17

Gymnanthes lucida - ~ — — — 2.50

Hamelía patens 4.00 — 4.38 — 2.50 ••

Hibiscus rosa-sinen — 3.75 •• •• ••

Hura crepitans 6.00 - 4.88 — ••

Hypelate trlfoliata " — —
•- •• 3.33

Hyptis capitata — 1.00 "

Ilex krugiana ~
— — •• •• 0.67

Inga faguifolia - 2.00 — — ••

Inga laurina - — — — •• 5,33

Inga vera 2.60 2.20 17.00 14.50 11,00 5.00

Lantana camara 18.00 36.00 8.75 - —
—

Lauracea sp2 - ~ 1.38 2.50 — —

Lauraceae unkncwn -
-

- — — 26.33

Lepianthes sp. 22.00 26.00 5.00 — —

26.50Lonchocarpus latifolius - — 1.25 — -•

Magnlfera indica
f

— 0.13 — ••

Manihot esculenta - 3.00 — — ••

Maniikara bidentata - ~ - — — 2.00

Maytenus laevigata - - — —
0.83

Miconia LN41 2.00 — — ••

Miconia impetiolar - -
2.50 •• —

Miconia laeviaata 4.00 - 2.50 — -• 1.67
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Table 2

Tree Specles by Landuse Ust • Page 4

Genus Specles

Otó Young Otó Oíd
Pasture Conuco Conuco Cacao Forest

2.40 23.00

Mogote

Musa

Myrtacea
Ochroma

Ocotea

Ocotea

Ocotea

Ocotea

Oxandra

^avonia

Persea

Pímenta

Pimenta

Piper
Piper

=iper
®ip€r
Piper
Plumeria

Pouteria

Prunus

Pseudolmedia

Psidium

Psychotria
Psychotria
Psychotria
Psychotria

Psychotria
Psychotria

Quararíbea

Roystonea
Rubiacea

Salmea

Samanea

Sideroxylon
SIderoxylon
Simanjba

Sbanea

sp.

sp.

pyramidale
coriácea

leucoxylon
membranace

sp.

laurifolia

fruticosa

americana

racemosa g

terebenthi

aduncum

amalago
jacquemont
iaetevirid

margínatum

magna

multifiora

myrtifolia
spuría
guajava
berteriana

domingensi
nervosa

pubescens
revoluta

sp.

turbinata

domingensi
unknown

scandens

filipes

cúbense

domingense

glauca
amiqdalina

0.20

1.00 7.00

1.20

181.00 140.00

16.00 13.00

0.63

1.38

2.63

5.00

2.63

45.25

9.38

101.26

175.00

3.13

5.00

5.00

2.50

1.00

7.00

15.50

0.50

2.50

5.00

5.50

35.00 60.00

2.50 92.50

0.63 2.50 8.50

105.60 16.00 14.50

5.63

18.13 45.00 57.50

1.63

0.63

0.50

2.50

2.50

0.50

0.33

176.67

4.83

4.50

0.83

3.33

0.83

3.00

4.17

41.17

23.33

0.8:

3.33

5.83

0.83

1.67

1.67

4.33

8.00

0.83

2.33
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Table 2

Tree Species by Landuse List - Page 5

Oíd Young ow Oíd

f^aniK >^Dec¡es Pasture Conuco Conuco Cacao Forest Mogote
XTr^l IU9

Solanum torvum - 4.00 ~ —
— ••

Spathodea
Spondias

campanulat
mombin "

0.40

1.60

1.00

3.00

14.75 1.50 - 1.00

Stachytarpheta cayennensi ••

2.00
Swietenia mahagoni •• ••

1.25Tabernaemontaní citrifolia — •-

11.33

4.67
Tetrazygia sp. •• •• \

Tetreagastris balsamifer —
— ••

178.00
Theobroma cacao •• 14.80 13.00 ••

1.67

8.33
Theophrasta
Trichilia

americana

pallida .. — 0.63 - 2.50

Triumfetta sp. 4.00 104.00 0.63 —

Trophis racemosa - - 1.25 — 2.50 13.67

7.00
Tutpinia occidental - " 0.63 —

Urera baccifera ~ 4.00 10.63 15.00 10.00

1.67
Wallenia laurífolia "

—

1.00
"

Zanthoxylum martinicen 1.60 — 5.88 4.00

3.83
Ziziohus rodoxvion — -• ••



Table 3

Tree Species Richness and Diversity in Each Landuse Type
Within Different Park Regions. Data are from

Transect Samplíng During Winter, 1997

Landuse Reqion Richness H' 1/D alpha

Pasture Trepada Alta
Los Naranjos

20

12

1.77

4.38

3.81

2.52

3.29

2.18

Young Conuco Trepada Alta
Los Naranjos
Caño Hondo

18, •

20

16

1.93

2.11

1.86

3.76

5.87

4.35

3.56

3.71

2.83

Oíd Conuc» Trepada Alta
Los Naranjos
Caño Hondo

44

26

29

2.46

2.44

2.29

5.83

7.42

6.27

8.08

4.75

4.77

Oíd Cacao Caño Hondo 20 1.81 3.53 3.82

Forest Trepada Alta
Los Naranjos

14

25

1*.86
2.46

4.27

6.72

2.95

6.08

Mogote Trepada Alta
Los Naranjos

64

66

3.23

2.70

14.17

7.64

12.05

12.86

H' = Shannon Diversity Index Valué
1/D = Simpson Diversity Index Valué

alpha = Log Diversity Index Valué



Table 4

Average Number of Individuáis per Count of Each Bird Species in Each
Landuse Type. Data are from Bird Pointcounts during MI Three Seasons.

Active Active Active Oíd Ycung Oíd Oíd

G@nus Soecies 'asture OilPalm Cacao Pasture Conuco Conuco Cacao Forest Moqote

Amazona ventralis — -
- 0.02 0.03 0.02 — 0.11 0.23

Anthracothorax dominicus 0.03 " 0.27 0.48 0.61 0.71 0.55 0.69 0.19

Aramus guarauna —
" 0.03 •• "•

Bubulcus ibis 0.77 -
— 0.01 •• •• ••

Buteo jamaicensis - - - — 0.01 — ••

0.01
Buteo ridgwayi — " —

\

0.03

••

Cathartes aura 0.03 - ~ 0.'13 0.11 — •• ••

Chiorostilbon swainsonii — ~ - 0.04 0.14 0.28 0.10 0.29 0.07

Coccyzus minor —
- 0.02 0.04

1.84

0.03 —

Coereba flaveola - 0.04 1.47 0.45 0.50 1.58 1.71 0.47

Columba inornata ~
- ~ 0.09 0.10 0.07 —

— 0.14

Columba leucocephalus - — — — 0.01 •• ••

0.01
Columba squamosa — " — •• •• ••

"

Contopus caribaeus - -
— — 0.01 ••

Corvus leucognaphaiu: - - 0.11 0.13 0.02 •• 0.03 0.23

Crotophaga ani — - 0.17 0.38 0.28 •• ••

0.03
"

Cypseloides niger -
— ~

— — "•

Dendroica caerulescens — - 0.08 0.02 0.03 0.03 0.01

Dulus dominicus 5.83 0.13 1.80 0.68 0.65 0.24 — 0.11 0.09

Falco sparverius 0.20 — ~ — — ••

~

Geothlypis - trichas - " - 0.01 — —

"

Geotrygon montana - - 0.03 --
— 0.02 0.03 0.06 0.05

Icterus dominicensls 0.07 - - 0.02 0.06 0.03 — 0.03 ""

Loxigilla viotacea " ~ 0.03 0.12 0.14 0.66 0.94 0.74 0.32

Melanerpes striatus 0.30 0.09 0.87 0.15 0.19 0.58 0.45 1.00 0.41

Melllsuga mínima 0.13 0.13 0.17 0.44 0.88 0.49 0.13 0.34 1.01

MIcroiígea palustris "
" —

— — — 0.03 0.01

Mimocichia plúmbea -- - — —
— 0.03 0.13 0.03

Mimus polyglottos 0.10 — - —
— •• •• ••

"

Mnlotüta varia — ~ 0.03 0.01 0.01 — 0.03 0.02

Myiarchus stolidus " — " 0.11 0.16 0.14 0.19 0.17 0.03

Nesoctites micromegas 0.03 0.04 0.07 0.01 0.08 0.33 0.48 0.20 0.36

Numida meleagris ~ - - 0.01 — "

Parula americana " -
- 0.01 — 0.01 — ••

Petrochelidon fulva " - - 0.05 0.03 0.02 — — 0.02

Phoenicophilus palmarum " 0.09 0.07 0.10 0.26 0.61 0.71 0.17 0.23

Ploceus cucullatus 0.93 - — 0.02 —
•• 11
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Table 4

Bird Spedes by Landuse List - Page 2

Active Active Active OW Young Oíd Oíd

Genus Soecies Pasture Oil Palm Cacao Pasture Conuco Conuco Cacao Forest Moaote

Quiscalus níger 0.40 0.13 -
— - - -

Saurothera longirostris 0.07 — 0.33 0.23 0.13 • 0.21 0.26 0.20 0.11

Seiurus aurocapilius - ~ • — 0.01 — 0.02 0.03 0.01

Seiuais motacilla - - 0.07 — — — •- ~ 0.02

Setophaga ruticllla ~ — " —

0.03

•• — 0.03 ^ —

Tachomis phoenicobia 0.07 " " 0.04 -• •• •• —

Tiaris olivácea - - - 0.01 0.03 — — — —

Todus subulatus - - 0.07 0.^1 0.15 0.34 0.29 0.14 0.20

Tyrannus dominicensis 0.03 - 0r07 0.08 0.02 0.10 ~ —

Vi reo altíloquus 0.03 - 0.43 0.16 0.05 0.58 0.90 0.51 0.29

Víreo nanus - -
..i " — — " 0.11 0.07

Zenaida macroura - 0.09 0.03 — 0.03 — — — ••



Table 5

Average Number of Individuáis per Count of Each Herp Species in Each
Landuse Type. Data are from Transect Sampling during Summer, 1997.

Active Active Active Oíd Young Cid Oíd

Genus Species Pasture Oil Palm Cacao Pasture Conuco Conuco Cacao Forest Mooote

Anolis baleatus - " 0.15 " " 0.13 ~ 0.12

Anolis chlorocyanus 0.15 0.33 0.15 0.32 0.24 0.70 " -- 0.41

Anolis cybotes 0.08 2.50 3.15 " 0.14 0.07 " ~ 0.88

Anolis distichus 0.39 2.00 9.39 1.79 4.91 4.60 3.63 3.33 4.77

Anolis semilineatus ~ - -- — 0.19 - - 0.11 0.24

Bufo marínus -- " -- \ 0.05 - " -
"

Celestus stenurus " - 0.31 Ó.05 0.10 - — - 0.35

Eleutherodactylus abbotti " 0.08 " — 0.05 0.03 0.13 0.11 —

Eleutherodactylus inoptatus — " 0.08 •• - - — - --

Osteopilus dominicensis - 0.08 — " ~ — ~ --

Sphaerodactylus difficiíus - - 0.08 — - - — - "

Sphaerodactylus samanensis — " - — - - — 0.11 -•

Tropídophis haitianus - - 0.08 — - -- - "

Uromacer catesbvi — " " — 0.05 " - " ••



Table 6

Average Number of Individuáis per Count of Each Herp Species in Each
Landuse Type. Data are from Sticky Trap Sampling dunng Summer. 1997.

Genus Species

baleatus .

chlorcyanus

cybotes
distichus

semiiineatüs

parvifrons
costatus

sepsoides
stenurus

striatus

clenchi

cochranae

darlingtoni
difficiiis

samanensis

haitianis

Anolis

Anolis

Anolis

Anolis

Anolis

Antiliophis
Celestus

Celestus

Celestus

Epicrates
Sphaerodactyius
Sphaerodactylus
Sphaerodactyius
Sphaerodactyius
Sphaerodactyius
Tropidophis

Active

OílPalm

0.30

3.20

1.00

0.60

0.50

Active

Cacao

0.20

0.70

3.90

10.10

Od

Pasture

0.10

0.55

0.05

2.40

0.40

0.05

1.10 0.25

0.50

0.10

Young

Conuco

0.56

0.08

2.72

0.16

OW

Conuco

0.11

0.29

0.03

2.74

0.14

0.03

0.06

0.43

0.06

0.03

0.11

OW

Cacao Forest Mogote

0.10 0.50

0.20

0.25

0.80

3.40

0.65

0.05

1.90

0.10

0.10

0.60

0.10

2.20

0.30

0.40 0.25

- 0.05

- 0.40

- 0.10

- 0.15

~ 0.05



Table 7

Herp Specles Rlchness and Diversity In Each Landuse Type
Within Different Park Regions. Data are from

Transect Sampling During Summer, 1997.

Landuse Región Ríchness H' 1/D alpha

Pasture Trepada Alta 2 0.16 1.08 0.88
Los Naranjos 2 0.67 2.06 1.13

Young Conuco
/

Trepada Alta 3 0.62 1.57 0.85
Los Naranjos 5 . 0.44 1.23 1.36
Caño Hondo 5 0.61 1.38 1.51

Oíd Conuco Trepada Alta 4 0.61 1.52 0.82
Los Naranjos 2 0.25 1.15 0.49
Caño Hondo 1 ...

Oíd Cacao Caño Hondo 3 0.28 1.15 0.82

Forest Trepada Alta 1 ...
Los Naranjos 3 0.94 2.14 2.47

Mogote Trepada Alta 6 1.14 2.18 1.46
Los Naranjos 3 0.50 1.37, 0.86

H" = Shannon Diversity Index Valué
1/D = Simpson Diversity Index Valué

alpha = Log Diversity Index Valué

* Insufficient data
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Table 8

Herp Species Richness and Diversity in Each Landuse Type
Within Different Park Regions. Data are from
Sticky Trap Sampling During Summer, 1997.

Landuse Región Richness H' 1/D alpha
Pasture Trepada Alta 4 0.78 1.65 1.4

Los Naranjos 7 1.58 4.3 3.74

Young Conuco Trepada Alta 3 0.86 2.13 1.5
Los Naranjos 2.- 0.54 1.59 0.83
CañoHondo 3 0.54 1.4 1.13

Oíd Conuco Trepada Alta 9 1.31 2.37 3.23
Los Naranjos 6 1-15 2.29 2.67
CañoHondo 3 0.58 1.52 1.12

Oíd Cacao CañoHondo 6 1-07 2.18 2.93

Forest Trepada Alta 4 1.09 2.55 2.29
Los Naranjos 4 0.92 2.07 2.5

Mogote Trepada Alta 9 1.53 3.13 2.77
ILos Naranjos 9 1.57 3.19 5.75

H' = Shannon Diversity Index Valué
1/D = Slmpson Diversity Index Valué

alpha = Log Diversity Index Valué
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Active Pasture
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Active Cacao

Pasture
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Oíd Conuco

Cacao

TAI O

Coeootera

nlStapfwinidae

Coleoptefa

ScarabaeídM

Coleóptera

Total

Orthoptera Chilo Formicidae Other

Arthropods

14865



Table 11

Average Number of Individuáis per Count of Each Ant Species In Each Landuse
Type. Data are from PItfall Trap Sampling duríng Summer, 1996.

Genus

Morpho-
Soecies

Active

Pasture

Active

Oil Paim

Active

Cacao

Oíd Young
Pasture Conuco

Oíd

Conuco

Oíd

Cacao Forest Moaote

Anochetus Spi " 0.25 0.25 0.40 0.38 0.31 - 0.25 0.18

Anochetus Sp2 -- " 0.25 0.10 — 0.13 •• — —

Aphaenogaster Spi -- - — 0.10 — — — 0.25 --

Brachymyrmex Spi 2.50 — — 0.20 1.25 0.06 •• — —

Brachymyrmex Sp2 1.00 — " — •• — — "

Brachymyrmex Sp3 0.50 — — 0.38 — •• ~ —

Brachymyrmex Sp4 -- - " — 0.06 0.25 — —

Brachymyrmex Sp5 - - — 0.10 " — — — --

Camponotus Spi - " 0.25 . •• 0.13 0.13 ~ — 0.09

Camponotus Sp2 - - •• — — — — 0.09

Camponotus Sp3 - — — — — 0.25 --

Camponotus Sp4 -
~ - — 0.25 0.06 — — —

Cardiocondyla Spi 4.50 - — — ~ -- — — —

Crematogaster Spi — 0.25 — " — — " —

Eurhopalothrix Spi — — 0.10 — 0.06 — — --

Gnamptogenys Spi 6.25 20.00 0.40 10.88 0.44 — 0.25 0.09

Gnamptogenys Sp2 3.50 ~ •• 1.38 — " — "

Gnamptogenys Sp3 - -- 0.10 — — — — —

Hypoponera Spi — 0.50 0.30 - 0.19 — — —

Hypoponera Sp2 — " - 0.13 0.06 ~ — --

Hypoponera Sp3 - - 0.10 — " — — "

Mycetarotes Spi - 1.00 0.10 0.50 1.38 0.50 " 0.27

Mycetarotes Sp5 - " " 0.25 - — - "

Odontomachus Spi 8.00 0.75 7.75 22.40 10.25 13.44 17.50 11.50 5.00

Odontomachus Sp2 0.50 " 0.50 0.90 0.25 1.06 1.75 0.25 0.18

Odontomachus Sp3 -- " — -- - 0.06 - ~ "

Odontomachus Sp4 — — - 0.20 " - -- - "

Paratrechlna Sp1 2.00 — - 0.20 0.63 0.19 — - —

Paratrechina Sp2 — — 0.25 0.90 -- 0.50 " 1.75 1.36

Paratrechina Sp3 "

• *

%
— - 0.50 ~ - - -

Paratrechina Sp4 — •• — 1.25 — - —

Paratrechina Sp6 — — — 0.10 " " - - ~

Paratrechina Sp7 — — 2.00 0.25 - - - —

Pheidole Spi — — — " - 0.06 - - 0.64

Pheidole Sp2 1.50 0.75 5.00 1.00 0.25 2.75 0.25 1.25 2.00

Pheidole Sp3 42.50 5.00 4.75 11.30 19.75 6.31 — 0.50 0.27

Pheidole Sd4 67.00 — 1.25 - 3.75 - ~ ~ 0.09



Genus

Pheidole

Pheidole

Platythyrea
Ponera

Pseudomyrmex

Rogeria
Rogeria
Rogeria
Soldier

Soldier

Soidler

Soldier

Soldier

Soldier

Soldier

Soldier

Solenopsis
Solenopsis
Solenopsis
Solenopsis
Solenopsis
Strumigenys

Strumlgenys
Strumigenys
Tetramorium

Tetramorium

Trachymyrmex
Wasmannia

Wasmannia

Wasmannia

Wasmannia

Wasmannia

Wasmannia

Morpho-
Species

Sp5

Sp6

Spl
Sp1
Sp1
Spl
Sp2
Sp3
Spl
Sp2
Sp3
Sp4
Sp5
Sp6
Sp7
Sp8
Spl
Sp2
Sp3
Sp4
SpS

Sp1
Sp2

Sp3
Sp1
Sp2

Spl
Spl
SpS
Sp4
SpS
Sp6
Sp7

Table 11

Ant Species by Unduse Üst - Page 2

Active Active Active OÍd Young Oíd Oíd
Pasture OilPalm Caca" Pasture Conuco Conuco Cacao Forest Mogote

0.50

0.30

0.75 0.50 0.25

0.25

0.50

0.50

6.50

4.00

0.50

0.25 0.25 0.90

0.13

0.25

0.13

0.13

0.13

0.13

0.25

0.13

4.50

0.81 0.50

0.19

0.06

0.06

0.06

0.06

0.19

2.00

168.00

4.00

2.50

0.50

1.25

0.75

0.25

358.00 5.00

0.50

0.50

1.00

0.25

0.50

8.00

0.90

0.60

0.06

0.06

3.00 0.90 1.50
0.25

1.00 0.30 1.50 0.06

1.44

0.50 0.20

0.10

0.13

0.13

1.13 0.06

0.13

0.13

3.00 22.60 18.88 4.19
0.13

0.13

1.25 0.30 1.50

0.50

0.25

~ 0.09

0.50 0.09

0.25 0.09

- 0.09

2.25 0.36

- 0.27

1.50 1.27

0.25

0.25 0.18

0.25

.. 1.64

4.25 5.27

0.75 0.36
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Table 12

Ant Species Richness and Diversity in Each Landuse Type
Withln Different Park Regions. Data are from
Pitfall Trap SampÜng During Summer, 1996

Landuse Reqion Richness H' 1/D alpha

Pasture Trepada Alta 28 1.68 3.56 6.44
Los Naranjos 13 1-69 3.84 4.62

Young Conuco Trepada Alta 13 1.47 3.22 3.38
Los Naranjos 29 2.47 7.76 9.54
Caño Hondo 25 ' 2.29 6.93 6.81

Oíd Conuco Trepada Alta 21 2.07 5.47 5.41
Los Naranjos 19 2.02 4.97 7.48
CañoHondo 14 1.30 2.11 4.22

Cid Cacao Caño Hondo 8 0.79 1.50 2.53

Forest Trepada Alta 14 1.88 4.26 5.30
Los Naranjos 10 1.76 4.50 5.29

Mogote Trepada Alta 16 2.10 6.18 5.69
Los Naranjos 18 2.19 6.40 6.54

H'
'! 1/D

alpha

J

11

1

1

1
1

= Shannon Diversity Index Valué
= SImpson Diversity Index Valué
= Log Diversity Index Valué

ma
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Table 13

Average Number of Individuáis per Count of Each Bestia Family in Each Landuse
Type. Data are from Pitfall Trap Sampling during Summer, 1996.

Qenus

Apionidae
Bostríchididae

Byturidae
Carabidae

Chrysopidae
Coccinellidae

Curculionidae

Euglenidae
Hydrophilidae
Lampyridae
Leioedidae

Nitidulidae

Phalacridae

Psélaphidae
Rhizophagidae
Scarabaeidae

Scolytidae
Scydmaenidae
Staphyiinidae
Tenebrionidae

Active Active Active Okj Young 0!d Oíd

Forest Mogote

_ — _ -- - — 0.09

„ •• — — - 1.00 0.09

0.25 0.20 — 0.06 - ~ 0.09

_ 1.40 0.50 3.31 - 1.00 0.09

•• 0.10 — - " -- 0.09

_
- 0.25 —

0.50 0.25 - 0.56 0.25 - 0.75 1.18

— 0.10 -
~ - — —

0.50 — 0.20 . • 0.13 0.19 - 0.50 —

_ ~ 0.06 — - —

• •• 0.75 0.10 0.13 0.19 - 0.25 0.09

0.50 1.25 0.75 0.10 0.13 0.13 — 0.50 0.18

1.00 — — - 0.06 - " —

.. 0.06 " 0.25 —

_ — — - 0.09

0.50 0.50 0.60 0.25 1.75 3.25 1.00 1.36

— - " 0.27

.. — 0.75 0.09

0.50 6.75 14.80 3.63 7.38 8.75 16.00 11.55

_ — 0.09
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Table 14

Beetle Family Richness and Diversity in Each Landuse Type
Within Different Park Regions. Data are from
Pitfall Trap Sampllng Durlng Summer, 1996

Landuse Reqion Richness H' 1/D alpha
Pasture Trepada Alta 9 0.63 1.35 2.32

Los Naranjos 3 1.00 3.50 3.88
V

Young Conuco

V

Trepada Alta 4 0.46 1.26 1.77
Los Naranjos 4 . 1.24 5.00 14.12
Caño Hondo 4 1.26 4.67 5.71

Oíd Conuco Trepada Alta 10 1.25 2.64 2.76
Los Naranjos 4 1.17 3.24 3.54
Caño Hondo 5 1.09 2.42 1.67

Oíd Cacao Caño Hondo 2 0.58 1.68 0.71

Forest Trepada Alta 11 1.01 1.65 3.89
Los Naranjos 5 1.49 7.00 10.91

Mogote Trepada Alta 7 0.66 1.40 2.00
Los Naranjos 1 1 1.43 2.63, 4.43

H' = Shannon Diversity Index Valué
1/D = Simpson Diversity índex Valué

alpha = Log Diversity Index Valué
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Figure 1

Tree Species Richness, Richness per Count, and Abundance
per Count from Surveys during Winter, 1997.
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Figure 2

Tree Diversity as Measured by Shannon, Simpson and Log
Diversity Indices from Surveys during Winter, 1997.
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Figure 5

Ordination of Plots within Los Haitises Based on Tre« Identified
During Winter, 1997. Ordination Method isDe-trended

Conespondence Analysis (DCA).
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Figure 6

Cluster Analyses of Landuse Types Based on Presence or Absence of Tree
Species in Surveys During Winter, 1997. Distance Metric is

Normalized Percent Disagreement and Clusters are Joined Using the
Complete Linkage Method (Farthest Neighbcr).
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Figure 19

Ordinatíon oíPlots in Los Haitíses and ™
Resident and Migrant Birds in Fointcounts dunng All Three Seasons.
Ordinatíon Method is De-trended Correspondence Analysis (DCA).
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Figure 20

Ordinatíon of Plots within Los Haitises Based en Resident and Migrant
Birds in Pointcounts from all three Seasons. Ordination Method is

De-trended Correspondence Analysis (DCA).
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Figure 21

Ordinatíon of Plots in Los Haitises and Ag Sites based on Resident
Birds in Pointcounts from all three seasons. Ordinatíon method is

De-trended Correspondence Analysis (DCA).
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Figure 22

Ordination ofPlots within Los Haitises Based on Resident Birds in
Fointcounts from all three Seasons. Ordination Method ís

De-trended Correspondence Analysis (DCA).
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Figure 23

Ciuster Analyses of Landuse Types Based on Presence or Absence of Resident
and Migrant Bird Species in Pointcounts During All Three Seasons. Distance

Metric is Nonmalized Percent Disagreement and Clusters are Joined
Using the Complete Linkage Method (Farthest Neighbor).
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Figure 24

Cluster Analyses of Landuse Types Based on Presence orAbsence of Resident Bird
Species in Pointcounts During All Three Seasons. Distance Metric is

Normalized Percent Disagreement and Clusters are Joined Using the
Complete Linkage Method (Farthest Neighbor).
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Figure 27

Herp Species Richness, Ríchness per Count, and Abundance
per Count from Sticky Trap Sampling during Summer, 1997
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Figure 29

OrdinaHon of Flots in Los Haitíses and Ag Sites Bas^
Transectsduring S—rl997. O^dination Method

is De-trended Correspondence Analysis
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Figure 30

Ordinatíon of Plots within Los Haitises based onHerps Caught in Transects
during Summer 1997. Ordinatíon Method isDe-trended

Correspondence Analysis (DCA).
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Figure 31

Ordination of Plots in Los Haitises and Ag Sites Based on He^s Caught m
Sticky Traps during Suminerl997. Ordination Method

is De-trended Correspondence Analysis (DCA).
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Figure 32

Correspondence Analysis (DCA).
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Figure 33

Cl..», 01 und«. T,p.s B^d »" °' """

Complete Linkage Method (Farthest Neighbor).
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Figure 34

Cluster Analyses of Landuse Types Based on Presence
Soecies Caught in Sticky Traps Dunng Summer. 1997.

Normalized Percent Disagreement and '̂̂ ^ters are J^ned Using
Complete Linkage Method (Farthest Neighbor).
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Figure 36

Ant Species Richness, Richness per Count, and Abundance per
Count from Pitfall Trap Sampling during Summer, 1996
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Figure 37

Ant DÍV0rsÍty as mGasured by the Shannon, Simpson and Log
Diversity Indices from Pitfal! Trap Sampling during Summer, 1996
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Figure 39

Beetle Family Diversity as measured by the Shannon, Simpson and
Log Diversity Indices from Pitfail Trap Sampiing, Summer, 1996
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Figure 40

Ordinatíon ofFlots in Los Haitises and Agricultural Sites Based on Ants
Caught in Pitfall Traps during Suminer 1996. Ordinatíon Method

is De-trended Correspondence Analysis (DCA).
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Figure 41

Ordination ofFlots within Los Haitises Based on Ants Caught
in Fitfall Traps during Summer 1996. Ordination Method

is De-trended Correspondence Analysis (DCA).
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Figure 42

Cluster Analyses of Landuse Types Based on Presence "r Absence of Ant
Species Caught in Pitfall Traps During Summer, 1996. Distance Metnc is

Normalized Percent Disagreement and Clusters are Jomed Using th
Complete Linkage Method (Farthest Neighbor).
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Figüte 43

Ordination of Plots in Los Haitises and Agriculhiral Sites Based on Beatles
Caught in Pitfall Traps during Summer 1996. Ordination Method

is De-trended Correspondence Analysis (DCA).
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Figure 44

Ordination ofFlots within Los Haitises Based on Beetles CaugKt
in Pitfall Traps during Suminer 1996. Ordination Method

is De-trended Correspondence Analysis (DCA).
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Figure 45

Cluster Analyses of Landuse Types Based on Presence or Absence of Beetle
Families Caught in Pitfall Traps During Summer, 1996. Distance Metric is

Normalized Percent Disagreement and Ciusters are Joined Usmg the
Complete ünkage Method (Farthest Neighbor).
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Microbial Respiration
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Table 1

Appendix B

SÜMMARY GIS DATABASE

Summary of GIS database created for the Los Haitises
región as Arcinfo coverages. Some coverages also exist
as ArcView themes. Some coverages are not described due
to insufficient information on data sources.

(I) Workspace: \UTM
Available Coverages:

BASEMAP COMMUN C0MM_SEL DRHIKEGP

ELDEAN B ELDEAN_S FL93BUFF FLIGHTS

GRIDLINE GRIDTICS HY62721 HY62722

HY62733 HY63724 LHNP93 LHNP9395

LHNP95 LHNPAECI LHNPL2 LHNP_ALL

LHNP_Z MGTZONES MUNICIP NEWFL B

NEWFL U PARAJES PNLH9604 PROPOSEO

QUADU RD62721 RD62722 RD62733

RD63724 R0ADS66 ROAOS 8 4 RRA

SECCION TICCOV USOSl ÜS0S2

YÜNA

Theme: commun

DESCRIPTION: # RECORC

Point coverage of coinmunities within 1138

and in proximity to LHNP.

COLUMN ITEM ÑAME WIDTH OÜTPÜT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 COMMUN# 4 5 6 -

13 COMMUN-ID 4 5 5 -

17 OLDNUM 4 4 I -

21 ÑAME 35 35 C -

56 QUAD 5 5 I -

61 YEAR 4 4 I -

65 SCHOOL 2 2 I -

67 CHÜRCH 2 2 I -

69 HOSP 2 2 I -

71 CEM 2 2 I -

73 STAD 2 2 I -

75 AGBANK 2 2 I -

77 GOFF 2 2 I -



. .

Table 1. (con't)

7 9 POL

81 MIL

83 TRANS

85 MAIL

87 MINES

89 METSTAT

2

2

2

2

2

2

2

2

2

2

2

2

Theiae: basemap

DESCRIPTION:

Polygon coverage delineating study area
and coast line in vicinity of Los Haitises NP.

!
COLUMN ITEM ÑAME WIDTH OUTPÜT TYPE

1 AREA 4 12 F

5 PERIMETER 4 12 F

t
¡

í

9 BASEMAP# 4 5 B

13 BASEMAP-ID 4 5 B

Theme: eldean b

3

3

i
DESCRIPTION;

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

í 1 FNODE# 4 5 B -

, 5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

i 13 RPOLY# 4 5 B -

» 17 LENGTH 4 12 F 3

21 ELDEAN_B# 4 5 B -

25 ELDEAN__B-ID 4 5 B -

•i 29 TYPE 5 5 C -

# RECORDS

49

# RECORDS



Table 1. (con' t)

Theme: drhikegp
DESCRIPTION:

COLÜMN ITEM ÑAME WIDTH OUTPUT TYPE

1 FNODE# 4 5 B

5 TNODE# 4 5 B

9 LPOLY# 4 5 B

13 RPOLY# 4 5 B

17 LENGTH 4 12 F

21 DRHIKEGP# 4 5 B

25 DRHIKEGP-ID 4 5 B

Th eme: eldean_s
DESCRIPTION:

t COLUMN ITEM ÑAME WIDTH OUTPUT TYPE
\

i 1 FNODE# 4 5 B

5 TNODE# 4 5 B

1
i

9 LPOLY# 4 5 B

13 RPOLY# 4 5 B

17 LENGTH 4 12 F

'i 21 ELDEAN_S# 4 5 B

s 25 ELDEAN_S-ID 4 5 B

29 TYPE 5 5 C

Theme: £193buff

DESCRIPTION:

Buffer polygon of original 15 flight lines for
1993 aerial photography of Los Haitises and
vicinity.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 FL93BUFF# 4 5 B -

13 FL93BUFF-ID 4 5 B -

17 INSIDE 4 5 B -

# RECORDS

# RECORDS

# RECORDS

1



Table 1. (con' t)

Theitie: flights
DESCRIPTION:

flight lines established in 1993 for

LHNP and vicinity.

COLUMN ITEM ÑAME WIDTH OÜTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 FLIGHTS# 4 5 B -

25 FLIGHTS-ID 4 5 B -

29 STATUS 1 1 I

"

Theme: gridline
DESCRIPTION:

Line coverage of 1:50,000 scale topographic
rtiaps encompassing the study area1.

COLÜMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 GRIDLINE# 4 5 B -

25 GRIDLINE-ID 4 5 B -

29 LABEL 5 5 C

Theme: gridtics

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 GRIDTICS# 4 5 B -

13 GRIDTICS-ID 4 5 B -

# RECORDS

15

# RECORDS

24

# RECORDS



Table 1. (con't)

Theme: hy62721
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 HY62721# 4 5 B -

25 HY62721-ID 4 5 B

Theme; hy62722

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 HY62722# 4 5 B -

25 HY62722-ID 4 5 B -

29 TYPE 1 1 I -

30 ÑAME 40 40 C

Theme: hy62733
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 HY62733# 4 5 B -

25 HY62733-ID 4 5 B -

# RECORDS

# RECORDS

# RECORDS



Table 1. (con' t)

Theme: hy63724
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B

5 TNODE# 4 5 B

9 LPOLY# 4 5 B

13 RPOLY# 4 5 B

17 LENGTH 4 12 F 3

21 HY63724# 4 5 B

25 HY63724-ID 4 5 B

29 TYPE 4 5 B

Theme: lhnp93
DESCRIPTION:

Polygon coverage of park zone boundaries
established in 1993.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHNP93# 4 5 B -

13 LHNP93-ID 4 5 B -

17 ZONE93 2 2 I -

19 KM2 16 16 I —

Theme: lhnp9395

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHNP9395# 4 5 B -

13 LHNP9395-ID 4 5 B -

17 LHNPB# 4 5 B -

21 LHNPB-ID 4 5 B -

25 ZONE93 2 2 I -

27 LHNP95# 4 5 B -

31 LHNP95-ID 4 5 B -

35 ZONE95 2 2 I -

37 ZONE9395 2 2 I -

39 KM2 16 16 I —

# RECORDS

# RECORDS

8

# RECORDS



Table 1. (con't)

Theme: lhnp95

DESCRIPTION:

Polygon coverage of park zone boundaries
established in 1995.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHNP95# 4 5 B -

13 LHNP95-ID 4 5 B -

17 ZONE95 2 2 I -

19 KM2 16 16 I -

Table 1. (con't)

Theme: Ihnpaeci
DESCRIPTION:

Polygon coverage of Spanish Master Plan
use and management zones for LHNP.

COLUMN ITEM ÑAME

1 AREA

5 PERIMETER

9 LHNPAECI#

13 LHNPAECI-ID

17 ZONE__AECI
19 USE_ZONE
21 MGT ZONE

WIDTH OUTPUT TYPE N.DEC

Theme: lhnpl2
DESCRIPTION:

4

4

4

4

2

2

2

12

12

5

5

2

2

2

F

F

B

B

I

I

I

3

3

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHNPL2# 4 5 B -

13 LHNPL2-ID 4 5 B -

17 F(M2 16 16 I -

liiiJólxlí

# RECORDS

2

# RECORDS

12

# RECORDS



Table 1. (con't)

Theme: lhnp__^all
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHNP ALL# 4 5 B -

13 LHNP_ALL-ID 4 5 B -

17 ZONE_ALL 4 4 I
"

Theme: Ihnp z

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHNP_Z# 4 5 B -

13 LHNP_Z-ID 4 5 B -

17 LHNP9395# 4 5 B -

21 LHNP9395-ID 4 5 B -

25 LHNPB# 4 5 B -

29 LHNPB-ID 4 5 B -

33 ZONE93 2 2 I -

35 LHNP95# 4 5 B -

39 LHNP95-ID 4 5 B -

43 ZONE95 2 2 I -

45 ZONE9395 2 2 I -

47 LHNPAECI# 4 5 B -

51 LHNPAECI-ID 4 5 B -

55 ZONE_AECI 2 2 I -

57 USE_ZONE 2 2 I -

59 MGT_ZONE 2 2 I -

61 ZONE ALL 4 4 I -

# RECORDS

# RECORDS



Table 1. (con't)

Theme: mgtzones

DESCRIPTION:

Polygon coverage of Spanish Master Plan
management zones for LHNP.

COLUMN ITEM NñME WIDTH OUTPÜT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 MGTZONES# 4 5 B -

13 MGTZONES-ID 4 5 B -

17 ÑAME 35 35 C -

52 POLYCOL 4 5 B —

Theme: municip
DESCRIPTION:

Polygon coverage of municipios in
and in proxiraity to LHNP.

COLÜMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

t 1 AREA 4 12 F 3

i 5 PERIMETER 4 12 F 3

9 MUNICIP# 4 5 B -

1 13 MUNICIP-ID 4 5 B -

17 ÑAME 35 35 C -

Theme: newfl_b
DESCRIPTION:

Buffer polygon of new flight lines for
CEBSE for southern coastline of Samana Bay.

COLUMN

1

5

9

13

17

ITEM ÑAME

AREA

PERIMETER

NEWEX_B#
NEWFL_B-ID
INSIDE

WIDTH OÜTPUT TYPE N.DEC

4 12 F 3

4 12 F 3

4 5 B -

4 5 B -

4 5 B -

# RECORDS

5

# RECORDS

7

# RECORDS

1



Table 1. (con't)

Theme: newfl_u
DESCRIPTION:

New flight lines for CEBSE for southern
coastline of Samana Bay.

COLUMN ITEM ÑAME WIDTH OüTPÜT TYPE N.DEC

1 FNODE# 4 5 B —

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 NEWFL_U# 4 5 B -

25 NEWFL_U-ID 4 5 B -

29 STATUS 1 1 I

Theme: pnlh9604

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 PNLH9604# 4 5 B -

13 PNLH9604-ID 4 5 6 -

17 KM2 16 16 I •

Theme: pnlh9604

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 PNLH9604# 4 5 B -

13 PNLH9604-ID 4 5 B -

17 KM2 16 16 I —

# RECORDS

3

# RECORDS

# RECORDS



Table 1. (con't)

Theme: pnlh9604

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE

1 AREA 4 12 F

5 PERIMETER 4 12 F

9 PNLH9604# 4 5 B

13 PNLH9604-ID 4 5 B

17 KM2 16 16 I

Theme: parajes

DESCRIPTION:

Polygon coverage of parajes within
and in proximity to LHNP.

3

3

LUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 PARAJES# 4 5 B -

13 PARAJES-ID 4 5 B -

17 CENSUSID 8 8 I -

25 RAZON 8 18 F 5

33 OCU 4 5 B -

37 VIVI 4 5 B -

41 MEN 4 5 B —

45 WOMEN 4 5 B --

49 TOTAL 4 5 B -

53 MAYORES 4 5 B -

57 SEOM 4 5 B —

61 ÑAME 35 35 C -

96 OCÜDENS 4 12 F 3

100 AREAKM2 8 18 F 5

108 OCUDENSGRP 8 18 F 5

116 FLAG 4 5 B -

120 MINORl 6 6 I -

126 MAJORl 6 6 I —

# RECORDS

# RECORDS

321



Table 1. (con't)

Theme: prqposed
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OÜTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 PRDPOSED# 4 5 B

13 PROPOSED-ID 4 5 B

17 ÑAME 35 35 C

52 KM2 16 16 I

Theme: quadu
DESCRIPTION:

Polygon coverage of 1:50,000 scale
topographic maps encompassing the study area.

COLUMN ITEM ÑAME WIDTH OÜTPUT TYPE N.DEC

j 1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

1 9 QUADU# 4 5 B -

i 13 QÜADU-ID 4 5 B -

17 BLOCK 4 4 I -

21 QUADRANT 3 3 C -

24 ÑAME 3 32 32 C -

56 NAME_3NA 32 32 C -

88 NAME_1 32 32 C

i
1

Theme: rd62721
i

i DESCRIPTION:

<

COLUMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

i

1 FNODE# 4 5 B -

f

5 TNODE# 4 5 B -

i 9 LPOLY# 4 5 B -

\
13 RPOLY# 4 5 B -

1 17 LENGTH 4 12 F 3

21 RD62721# 4 5 B -

25 RD62721-ID 4 5 B -

# RECORDS

# RECORDS

57

# RECORDS



Table 1. (con't)

Theme: rd62733

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 RD62733# 4 5 B -

25 RD62733-ID 4 5 B

Theme: rd63724

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 RD63724# 4 5 B -

25 RD63724-ID 4 5 B —

Theme: roads66

DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 6 -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 ROADS66# 4 5 B -

25 RDADS66-ID 4 5 B -

# RECORDS

# RECORDS

# RECORDS



Table 1. (con't)

Theme: r oads8 4

DESCRIPTION:

COLÜMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 ROADS84# 4 5 B -

25 ROADS84-ID 4 5 B -

Theme: rd62722

DESCRIPTION:

1
COLUMN ITEM ÑAME WIDTH OUTPÜT TYPE

1

1 FNODE# 4 5 B
f

5 TNODE# 4 5 B

1 9 LPOLY# 4 5 B

i 13 RPOLY# 4 5 B

17 LENGTH 4 12 F

1 21 RD62722# 4 5 B
)

i 25 RD62722-ID 4 5 B

29 TYPE 4 5 B

Theme: rra

DESCRIPTION:

COLÜMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 RRA# 4 5 B -

25 RRA-ID 4 5 B —

# RECORDS

# RECORDS

# RECORDS



Table 1. (con't)

Theme: sección

DESCRIPTION:

Polygon coverage of secciones within

and in proximity to LHNP.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 SECCION# 4 5 B

13 SECCION-ID 4 5 B

17 ÑAME 35 35 C

Theme: usosl

DESCRIPTION:

Polygon coverage of land use interpreted
from 1993 color aerial photographs by
Tomas Montilla, ICM. Includes southern

and mangrove portions of Los Haitises NP

and lower Rio Yuna watershed

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LHUSOS# 4 5 8 -

13 LHUSOS-ID 4 5 B -

17 USOS 45 45 C —

Theme: usos2

DESCRIPTION:

Polygon coverage of land use interpreted
from 1997 color aerial photographs by
Tomas Montilla, ICM. Includes west-central
and southeastern portions of Los Haitises NP.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 8 18 F 5

9 PERIMETER 8 18 F 5

17 ÜSOS97# 8 18 F 5

25 USOS-ID 8 18 F 5

33 USOS 30 30 C -

# RECORDS

17

# RECORDS

753

# RECORDS

312



Table 1. (con't)

Theme: yuna
DESCRIPTION:

Line coverage of the lower Rio Yuna,
northwest of LHNP.

COLUMN ITEM ÑAME WIDTH OÜTPÜT TYPE

1 FNODE# 4 5 B

5 TNODE# 4 5 B

9 LPOLY# 4 5 B

13 RPOLY# 4 5 B

17 LENGTH 4 12 F

21 YUNA# 4 5 6

25 YUNA-ID 4 5 B

(II) Workspace: \LOSHAITISES

Available Coverages

CARSTICO

PHLH97

PNLH96BU

LHGEO

PNLH68

RDLAGOS

LHRIOS

PNLH96

REPDOM27

Theme: cárstico

DESCRIPTION:

Polygon coverage of karst geomorphology in
Los Haitises NP and vicinity, extractad from
regional geology map.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 8 18 F 5

9 PERIMETER 8 18 F 5

17 CARSTIC# 8 18 F 5

25 CARSTIC-ID 8 18 F 5

33 MORFOLOGIA 8 20 F 5

# RECORDS

192

LHVIAS

# RECORDS

31



Table 1. (con't)

Theme; Ihgeo
DESCRIPTION:

Polygon coverage of regional geology for
Los Haitises región.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 GEOLOGIC# 4 5 B -

13 GEOLOGIC-ID 4 5 B -

17 CLASE 12 12 C -

Theme: Ihrios

DESCRIPTION:

Lina coverage of rivers for four 1:50,000
scale topographic itiaps in the Los Haitises
región.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B _

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 PNLHRIO# 4 5 B -

25 PNLHRIO-ID 4 5 B -

29 NOMBRE 30 30 C —

Theme Ihvlas

DESCRIPTION:

Line 1coverage of roads for four 1:50,000 scale

topographic maps in the Los Haitises región.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 FNODE# 4 5 B -

5 TNODE# 4 5 B -

9 LPOLY# 4 5 B -

13 RPOLY# 4 5 B -

17 LENGTH 4 12 F 3

21 ANTONVI# 4 5 B -

25 ANTONVI-ID 4 5 B -

29 VIASCODE 6 6 C —

# RECORDS

96

# RECORDS

645

# RECORDS

154



Table 1. (con't;

Theme: pnlh97
DESCRIPTION:

Polygon coverage of park 2one boundaries

established in 1997.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 8 18 F 5

9 PERIMETER 8 18 F 5

17 TEMP# 8 18 F 5

25 TEMP-ID 8 18 F 5

33 ZONA 50 50 C

Theme: pnlh68
DESCRIPTION:

Polygon coverage of park boundary
established in 1968.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

i 1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

t 9 LHNPL2# 4 5 B -

i 13 LHNPL2-ID 4 5 B -

Theme: pnlh96
DESCRIPTION:

Polygon coverage of park zone boundary
established in 1996.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 PNLH9604# 4 5 B

13 PNLH9604-ID 4 5 B

# RECORDS

4

# RECORDS

1

# RECORDS

1



Table 1. (con' t)

Theme: pnlh96bu
DESCRIPTION:

Polygon coverage of park zone buffer from
Pnlh96 coverage.

COLUMN ITEM ÑAME WIDTH OUTPÜT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 PNLHBUFl# 4 5 B -

13 PNLHBUFl-ID 4 5 B -

17 INSIDE 4 5 B

Theme: rdlagos
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 LAG0SCN2# 4 5 B -

13 LAG0SCN2-ID 4 5 B -

17 NOMBRE 25 25 C •

Theme: repdoin27
DESCRIPTION:

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

9 REPD0M27# 4 5 B -

5 PERIMETER 4 12 F 3

13 REPD0M27-ID 4 5 B —

Theme : suelos

DESCRIPTION:

Polygon coverage of soil association map
for Los Haitises NP and vicinity.

COLUMN ITEM ÑAME WIDTH OUTPUT TYPE N.DEC

1 AREA 4 12 F 3

5 PERIMETER 4 12 F 3

9 SUELOS# 4 5 B -

13 SUELOS-ID 4 5 B —

#,RECORDS
1

# RECORDS

# RECORDS

# RECORDS

76
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Appendix C

Description of Fieid and Office Methods Used to Compile The Reconnaissance Soil
Survey of the Los Haitises National Park

The Los Haitises karst area is a región of rugged terrain, with much of the
interior nearly inaccessible. Until recently, there was very little known about the
soils of this región. The only pre-existing soil map (scale of 1:250,000) lumps the
entire area into one map imit (Petrell and Soto, 1966). A reconnaissance level
survey with the mapping units defined in terms of soil associations is the first
logical step in remedying the lack of soil information in \mique areas (Kellogg,
1949). In agreement with Kellogg's procedure, the recormaissance survey was
initiated by assembling preexisting information that related to the soil forming
factors (geologic, climatic, biologic, etc.). Field work consisted of day trips and longer
expeditions (penetrating the core zone as much as possible), gathering soils data in
conjunction with landscape patterr\s that were recognizable on 1:50, 000 topographic
maps. Soils were described and sampled for analyses. The map units were defined
in terms of composition keyed to elements of landscapes that could be interpreted
from topographic maps. Each of the 1000 meter cells in the karst región on the
several topographic maps were classified as one of the 7 landscape pattems (map
units) that emerged. The cells were aggregated into polygons .

To avoid square comered delineations, soil boundaries were interpolated
through the cells. While the original intent was to map only the park area, the lines
were extended to include the entire karst región so that interpretations would
extend to almost any buffer area that would arise. The map was then compiled on
stable base film and digitized using Arc/lnfo. The final map was composed in
Arc/View 3.0. Block diagrams were developed and incorporated into the master
map as a way to define the landscapes more visually in terms of spatial composition.
Pedon descriptions (descriptions of soil profiles) were chosen to represent the
dominant soil taxon for each landscape element in the various mapping units.
These taxons, given alphabetical designations on the block diagrams, are defined ty
a profile description, chemical analyses of the various horizons, and by taxonomic
placement, this information was assembled in the taxonomic descriptions for each
of the seven mapping units. Mapping Unit descriptions were then composed to
define the mapping units in terms of landscape, composition and interpretations. A
team of experts identified and derived interpretations that would be most helpful to
the users.



Map Unit Descriptions Recoimaissance Soil Survey
Los Haitises National Park

Map Unit One

Cpnpral Description (also see Figure 1, block diagram): This map unit consists of
Taxons A, B, D, and E. The landscape is comprised of mogotes or karst hills
separated byexpansive, nearly level topographic surfaces or slightly concave basin
areas. Surface drainage is provided by meandering streams (arroyos) and in places,
small rivers (ríos). Taxon A developed from hard limestone and occurs on the
crests, backslopes and noseslopes of the mogotes. Taxon B developed from
colluvium and occurs on the footslopes and occasionally on the headslopes of the
mogotes. Taxon D developed from soft limestone and occurs on slight benches at
mid-backslope and on the crests of some secondary ridges. Taxon E developed from
marine or alluvial parent materials, and occurs on the nearly level or slightly
concave intervening areas separating the mogotes.

Percentage composition, Slope, Capábility Class, permeability and lime and fertilízer
requirements of the map unit components, and conservation management.

Taxon A: This Taxon comprises about 15 percent of the mapping unit. It ranges
from 60 to 80 percent in slope (except on the narrow crests). Capability subclass
Vnie. The permeability of this soil is either moderately rapid or rapid. Lime is
usually not required due to the closely underlying high carbonate parent materials.
Fertilizar applications should be based on a soil test. This is a high risk soil for
agriculture due to its shallow depth, and the vulnerability of this thin layer to
erosión because of slope. The soil should be protected by tree cover or permanent
herbaceous cover. Prescribed buming should be avoided at all costs on these soils
due to the hazards of erosión and wildfire.

Taxon B: This Taxon comprises about 15 percent of the mapping unit. It ranges
from 10 to 25 percent in slope. The capability subclass is IVe. Permeability is either
modérate or moderately rapid. Lime is often not required for good crop response.
Fertilizer applications should be based on a soil test. The erosión hazard should be
evaluated on a site specific basis, however in most places, a vegetative cover should
be maintained to conserve the soil. Prescribed buming is very hazardous due to the
position in the landscape of these soils immediately below the very steep Taxon A
soils.

Taxon D: This Taxon comprises about 5 percent of the mapping unit. Slopes range
from 40 to 60 percent (except on the narrow crests of subordinate ridges). The
capability subclass is Vlle. The permeability ranges from moderately slow to
moderately rapid. Lime is rarely required due to the high carbonate content in the
closely tmderlying bedrock. Fertilizer applications should be based on a soil test.
This is a sensitivo soil due to its shallow depth, and the vulnerability of this thin
layer to erosión because of slope. The soil should be protected by tree cover or



permanent herbaceous cover crops. Buming should be avoided on these soils due
to the hazards of erosión and wildfire.

Taxon E: This Taxon comprises about 65 percent of this mapping unit. Slopes range
from Oto 10 percent. "I^e capabüity subclass is IVw. Permeability is slow or
moderately slow. Lime and fertilizar are usually required for best crop response,
however applications of both should be basad on a soil test This soil can be
managed for cultivated crops. There is a hazard of wildfire and subsequent erosión,
particularly if buming is employed near mogotes.

Water Ouality Hazard. The water quality hazard in this mapping unit can be
minimizad if fertilizer and pesticide applications are managed with restraint.
Springs and other places where water is gathered for human consumption should
be protected from plant litter and animal waste by barriers and periodic clean-up.
Shallow diversión ditches dug up slope from the water supply can protect against
contaminating surface runoff. Máximum distances should be maintained between
human waste facilities and the water supply.

Water Supply. Within this mapping unit, the supply of water is mainly from
streams, and widely separated springs. There are a few drilled wells. Sometimes
shallow excavations that trap nmoff can be dug in Taxon D, particularly in
included areas where the soil depth is greater. Water for human consumption is
supplied within this mapping unit.

Wildfire Hazard. The wildfire hazard, often from imperfectly managed buming, is
great throughout much of this unit. It is particularly hazardous around and on the
mogotes where certain topographic surfaces have a fuimel affect on the fíre.

Erosión Hazard. The erosión hazard is confined mostly to steeper areas on and
around the mogotes.

Trail and Road Construction. Wetness can be a problem for the layout, construction
and maintenance of roads on the flatter areas of Taxon E. Slope and relief creates
problems for layout and construction of trails and roads within the steeper areas of
this mapping unit dominated by the mogotes. Overall though, this mapping unit
does not present problems that cannot be overeóme with slight routing changes.

Map Unit Two

General Description (see Figure 2, block diagram): This map unit consista of Taxons
A, B, and C. The landscape is comprised of mogotes or karst hills and ridges
separated by dolines or sinkholes. The dolines range from less than 100 meters in
length or width to several himdreds of meters in length, and 100 meters in width.
Relief in places exceeds 100 meters. Precipitation is lost chiefly to infiltration in the
highly permeable soils and bedrock. Runoff is captured bysinkholes that drain the



...

bottoms of the primary dolines. These sinkholes range from 10 to 30 feet in
diameter. Water that does not eventually fínd it's way to the aquifer is lost
through evapotranspiration. Taxon A developed from hard limestone and occurs
on the crests, backslopes and noseslopes of the mogotes, Taxon B developed from
colluvium and occurs on the footslopes and occasionally on the headslopes of the
mogotes. Taxon C developed from colluvium and occurs on toeslopes, at the
bottoms of the dolines.

Percentage composition, Slope, CapabiUty Class, permeahility and lime and fertilizer
recjuirements of the map unit components, and conservation management.

Taxon A: This Taxon comprises about 40 percent of the mapping unit. It ranges
from 60 to 80 percent in slope (except on the narrow crests). The capability subclass
is Vme. The permeability of this soil is either moderately rapid or rapid. Lime is
usually not required due to the closely underlying high carbonate parent materials.
Fertilizer applications should be based on a soil test, This is a risky soil for
agriculture due to its shallow depth, and the vulnerability of this thin layer to
erosión because of slope. The soil should be protected by tree cover or permanent
herbaceous cover crops. Buming should be avoided on these soils due to the
hazards of erosión and wildfire.

Taxon B: This Taxon comprises about 30 percent of the mapping uiüt. Its slope
ranges from 10 to 25 percent. The capability subclass is IVe. Permeability is either
modérate or moderately rapid. Lime is often not required for good crop response.
Fertilizer applications should be based on a soil test. The erosión hazard should be
evaluated on a site specific basis, however in most places, a vegetative cover should
be maintained to conserve the soü. Buming is very hazardous due to the position
in the landscape of these soils immediately belo"w the very steep Taxon A soils.

Taxon C: This Taxon comprises about 30 percent of the mapping unit. Slopes range
from O to 10 percent (except on the narrow crests of subordínate ridges). The
capability subclass is He. The permeability ranges from moderately slow to
moderately rapid. Lime requirements are variable and along with fertilizer
applications should be based on a soil test. This soil has few limitations for most
crops grown in the area. There is an erosión hazard where slopes are near the upper
part of the range. Also, most of these areas, although variable, tend to be small,
many of them consisting of only one or two tierras. Some dolines are entirely
lacking in Taxon C, the steep sideslopes merging to form a "V" shaped bottom to the
doline.

Water Ouality Hazard. The hazard to groundwater in this mapping unit is severe
because of the permeability of the soils and the bedrock. The dolines are usually
drained by secondary sinkholes that funnel directly into the aquifer. Máximum
distances should be maintained between human waste facilities and these secondary
sinkholes.



Water Supply. There is little water avaílable from springs or shallow wells in this
mapping unit because of the high porosity of the soils and bedrock.

Wildfire Hazard. The wildfire hazard in this mapping unit is great because of the
steepness of the topography and the small size of tiie dolines.

Erosión Hazard. Erosion is a severe hazard in this mapping vmit because such a
large proportion of these landscapes are steep.

Trail and Road Construction. The steep terrain and the cióse spacing of the mogotes
without topographic orientation make this mapping unit particularly difficult for
trail layout and construction.

Map Unit Three

General Description (see Figure 3, block diagram): This map unit consists of Taxons
A, B, D, G, and J. The landscape is comprised of mogotes or karst hills separated fcy
expansive, nearly level topographic surfaces or slightly concave basin areas. Since
th¿ map unit is mostly on the edge of the karst area, there are small areas of soil
that developed over igneous rocks. Surface drainage is provided by meandering
streams (arroyos) and in places, small rivers (rios). Taxon A developed from hard
limestone and occurs on the crests, backslopes and noseslopes of the mogotes.
Taxon B developed from coUuvium and occurs on the footslope and occasionally on
Úie headslopes of the mogotes. Taxon D developed from soft limestone and occurs
on slight benches at mid-backslope and on the crests of some secondary ridges.
Taxon G developed from marine or alluvial parent materials, and occurs on the
nearly level or slightly concave intervening areas separating the mogotes. Taxon J
developed from igneous rocks, and occurs on sloping to very steep surfaces on hills
near the outer fringe of the karst area.

Percentage composition, Slope, Capability Class, permeability and lime and fertilizer
requirements of the map unit components, and conservation management.

Taxon A: This Taxon comprises about 10 percent of the mapping unit. It ranges
from 60 to 80 percent in slope (except on the narrow crests). The capability subclass
is Vine. The permeability of this soil is either moderately rapid or rapid. Lime is
usually not required due to the closely underlying high carbonate parent materials.
Fertilizer applications should be based on a soil test. This is a high risk soil for
agriculture due to its shallow depth, and the vulnerability of this thin layer to
erosion because of slope. The soil should be protected by tree cover or permanent
herbaceous cover crops. Buming should be avoided on these soils due to the
hazards of erosion and wildfire.

Taxon B: This Taxon comprises about 10 percent of the mapping unit. It ranges
from 10 to 25 percent in slope. The capability subclass is IVe. Permeability is either



modérate or moderately rapid. Lime is often not required for good crop response.
Fertilizer applications should bebased en a soil test. Erosión hazards vary widely
across this landscape and should be evalúated on a site specifíc basis, however in
most places, a vegetative cover should be maintained to conserve the soil. Burning
is very hazardous due to the position in the landscape of these soils immediately
below the very steep Taxon A soils.

Taxon D: This Taxon comprises about 5 percent of the mapping unit. Slopes range
from 40 to 60 percent (except on the narrow crests of subordinate ridges). The
capability subclass is VTIe. Permeability ranges from slow to moderately rapid. Lime
is rarely required due to the high carbonate content in the closely underlying
bedrock. Fertilizer applications should be based on a soil test. This is a high risk soil
for agricultura due to its shallow depth, and the vulnerability of this thin layer to
erosión because of slope. The soil should be protected by tree cover or permanent
herbaceous cover crops. Buming should be avoided on these soils due to the
hazards of erosión and wildfire.

Taxon G: This Taxon comprises about 70 percent of this mapping unit. Slopes range
from O to 5 percent. The capability subclass is HIw. Permeability is slow or
moderately slow. Lime and fertilizer are usually required for best crop response,
however applications of both should be based on a soil test. This soil can be
managed for cultivated crops. There is a hazard of wildfire and subsequent erosión,
particularly if buming is employed near the steep sided mogotes.

Taxon T: This Taxon comprises about 5 percent of the mapping unit. It ranges from
40 to 80 percent in slope. The capability subclass is Vnie. The permeability of this
soil is either moderately rapid or rapid, Applications of lime are often needed for
best crop production. Fertilizer and lime applications should be based on a soil test,
There is a very severe erosión hazard wiüi this soil because of slope. The soil
should be protected by tree cover or permanent herbaceous cover crops. Burning
should be avoided at all costs on these soils due to the hazards of erosión and

wildfire.

Water Ouality Hazard. The water quality hazard in this mapping unit can be
minimized if fertilizer and pesticide applications are managed with restraint.
Springs and other places where water is gathered for human consumption need to
be protected from plant and animal litter by barriers and periodic clean-up. Shallow
diversión ditches dug upslope from the water supply can protect against
contaminating nmoff. Minimum distances should be maintained between human
septic facilities and the water supply.

Water Supply. Within this mapping unit, the supply of water is mainly from
streams, and widely separated springs. There are a few drilled wells. Sometimes
shallow excavations that trap runoff can be dug in Taxon D, particularly in included
areas where the soil depth is greater.



Wildfire Hazard. The wildfire hazard, often from imperfectly managed prescribed
buming, is great throughout much of this unit. It is particularly hazardous around
and on the mogotes where certain topographic surfaces have a funnel affect on the
fire.

Erosión Hazard. The erosión hazard is confined mostly to steeper areas on and
aroiind the mogotes and the other hills cored with ignecus rocks.

Traíl and Road Construction. and Layout. Wetness can be a problem for the layout,
construction and maintenance of roads on the flatter areas of Taxon E. Slope and
relief creates problems for layout and construction of trails and roads within the
steeper areas of this mapping unit. Overall though, this mapping unit does not
present problems that cannot be overeóme with slight routing changes.

Map Unit Four

General Description (see Figure 4, block diagram): This map unit consists of Taxons
A, B, C and D. The landscape is comprised of more or less elliptical or ridge-like
mogotes or karst hills separated by successions of dolines that are often separated by
secondary ridges. The topography is oriented generally NW-SE. The dolines range
ftrom 50 to 100 meters in width and tend to be elliptical. The ridges are often several
thousands of meters in length. Relief in places exceeds 100 meters. Precipitation is
lost chiefly to infiltration in the highly permeable soils and bedrock. Runoff is
captured by sinkholes that drain Ü\e bottoms of the primary dolines. These
sinkholes range from 10 to 30 feet in diameter. Water that does not eventually find
it's way to the aquifer is lost through evapotranspiration. Taxon A developed from
hard limestone and occurs on the crests, backslopes and noseslopes of the mogotes.
Taxon B developed from colluvium and occurs on the footslope and occasionally on
the headslopes of the mogotes. Taxon C developed from colluvium and occurs on
the toeslopes of the mogotes, at the bottom of the dolines. Taxon D developed from
soft limestone and occurs on slight benches at mid-backslope and on the crests of
some secondary ridges.

Percentage composition, Slope, Capability Class, permeability and lime and fertilízer
requirements of the map unit components, and conservation management.

Taxon A: This Taxon comprises about 35 percent of the mapping unit. It ranges
from 60 to 80 percent in slope (except on the narrow crests). The capability subdass
is VUIe. The permeability of this soil is either moderately rapid or rapid. Lime is
usually not required due to the closely underlying high carbonate parent materials.
Fertilizer applications should be based on a soil test. This is a high risk soil for
agriculture due to its shallow depth, and the vulnerability of this thin layer to
erosión because of slope. The soil should be protected by tree cover or permanent
herbaceous cover crops. Buming should be avoided at all costs on these soils due to
the hazards of erosión and wildfire.



Taxon B: This Taxon comprises about 25 percent of the mapping unit. It ranges
from 10 to 25 percent in slope. The capability subclass is IVe. Permeability is either
modérate or moderately rapid. Lime is often not required for good crop response.
Fertilizer applications should be based on a soil test. The erosión hazard should be
evaluated on a site specific basis, however in most places, a vegetative cover or
muich should be maintained to conserve the soil. Buming is very hazardous due to
the position in the landscape of these soils immediately below the very steep Taxon
A soils.

Taxon G This Taxon comprises about 30 percent of the mapping unit. Slopes range
from O to 10 percent (except on the narrow crests of subordinate ridges). The
capability subclass is lie. The permeability ranges from moderately slow to
moderately rapid. Lime requirements are variable and along with fertilizer
applications should be based on a soil test. This soil has few limitations for most
crops grown in the area. There is an erosión hazard where slopes are 8-10 percent.
Also, most of these areas, although variable, tend to be small, many of them only
one or two tierras. Some dolines are entirely lacking in Taxon C, the steep side
slopes merging to form a "V" shaped bottom of the doline.

Taxon D: This Taxon comprises about 10 percent of the mapping unit. Slopes range
from 40 to 60 percent (except on the narrow crests of subordínate ridges). The
capability subclass is Vlle. The permeability ranges froih slow to moderately rapid.
Lime is rarely required due to the high carbonate content in the closely underlying
parent materials. Fertilizer applications should be based on a soil test. This is a risky
soil for agriculture due to its shallow depth, and the vulnerability of this thin layer
to erosión due to slope. The soil should be protected by tree cover or permanent
herbaceous cover crop or mulch. Buming should be avoided on these soils due to
the hazards of erosión and wildfire.

Water Ouality Hazard. The hazard to groundwater contamination in this mapping
unit is severe because of the permeability of the soils and the bedrock. The dolines
are usually drained by secondary sinkholes that furmel directly into the aquifer.
Springs and other places where water is gathered for human consumption need to
be protected from plant and animal litter by barriers and periodic clean-up. Shallow
diversión ditches dug upslope from the water supply can protect against
contaminating runoff. Mínimum distances should be maintained between human
waste facilities and the water supply.

Water Supply. There is little water available from springs or shallow wells in most
parts of this mapping unit because of the porosity of the soils and bedrock.
Sometimes shallow excavations that trap runoff can be dug in Taxon D, particularly
in included areas where the soil depth is greater.

Wildfire Hazard. The wildfire hazard in this mapping unit is great because of the
steepness of the topography and the small size of many of the dolines.
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F.rnsiQn Hazard. Erosión is a severe hazard in this mapping unit because such a
large proportion of these landscapes are steep.

Trail and Road Construction. The orientation of the topography facilitates layout of
trail and road systems that are going N-S. The gritty or mealy surface of the soft
limestone seems to provide good footing for trail systems. The steep terrain and the
narrow spacing of many of Ihe mogotes make much of this mapping unit
particularly difficult for road construction.

Map Unit Five

General Description (see Figure 5, block diagram): This map unit consists of Taxons
A, B, D, and F. The landscape is comprised of linear mogotes or karst ridges
separated by valleys. The topography is usually oriented NW-SE. Surface drainage
is provided in a few places by meandering streams (arroyos). Taxon A developed
from hard limestone and occurs on the crests, backslopes and noseslopes of the
mogotes. Taxon B developed from colluvium and occurs on the footslope and
occasionally on the headslopes of the mogotes. Taxon D developed from soft
limestone and occurs on slight benches at mid-backslope and on the crests of some
secondary ridges. Taxon F developed from marine or alluvial parent materials, and
occurs on the nearly level valley bottoms.

Percentage composition, Slope, Capabilüy Class, permeability and lime and fertilizer
recfuirements of the map unit components, and conservation management.

Taxon A: This Taxon comprises about 30 percent of the mapping unit. It ranges
from 60 to 80 percent in slope (except on the narrow crests). The capability subclass
is Vnie. The permeability of this soil is either moderately rapid or rapid. Lime is
usually not required due to the closely underlying high carbonate parent materials.
Fertilizer applications should be based on a soil test. This is a risky soil due to its
shallow depth and the vulnerability of this thin layer to erosión due to slope. The
soil should be protected by tree cover or permanent herbaceous cover crops.
Buming should be avoided at all costs on Üiese soils due to the hazards of erosión
and wildfire.

Taxon B: This Taxon comprises about 10 percent of the mapping unit. It ranges
from 10 to 25 percent in slope. The capability subclass is IVe. Permeability is either
modérate or moderately rapid. Lime is often not required for good crop response.
Fertilizer applications should be based on a soil test. The erosión hazard should be
evaluated on a site specific basis, however in most places, a vegetative cover should
be maintained to conserve the soil. Buming is very hazardous due to the position in
the landscape of these soils immediately below the very steep Taxon A soils.



Taxon D: This Taxon comprises about 10 percent of the mapping unit. Slopes range
from 40 to 60 percent (except on the narrow crests of subordínate ridges). The
capabilitysubclass is Vlle. The permeability ranges from slow to moderately rapid.
Lime is rarely required due to the high carbonate content in the closely underlying
parent materials. Fertilizar applications should be based on a soil test. This soil
presents a risk for agriculture due to its shallow depth, and the vulnerability of this
thin layer to erosión because of slope. The soil should be protected by tree cover or
permanent herbaceous cover crops. Buming should be avoided on these soils due
to the hazards of erosión and wildfire.

Taxon F: This Taxon comprises about 75 percent of this mapping unit. Slopes range
from O to 5 percent. The capability subclass is IVw. Permeability is slow or
moderately slow. Lime and fertilizer are usually required for best crop response,
however applications of both should be based on a soil test, This soil can be
managed for cultivated crops. There is a hazard of wildfire and subsequent erosión,
particularly if prescribed buming is employed near the valley sides.

Water Ouality Hazard. The water quality hazard in this mapping unit can be
minimized if fertilizer and pesticide applications are managed with restraint.
Springs and other places where water is gathered for human consumption need to
be protected from plant and animal litter by barriers and periodic clean-up. Shallow
diversión ditches dug upslope from the water supply can protect against
contaminating runoff. Máximum distances should be maintained between human
septic facilities and the water supply.

Water Supply. Within this mapping unit, the supply of water is mainly from
streams, widely separated springs, and shallow dug wells. Sometimes shallow
excavations that trap runoff can be dug in Taxon D, particularly in included areas
where the soil depth is greater.

Wildfire Hazard. The wildfire hazard is great throughout much of this unit. It is
particularly hazardous in smaller valleys or near steeper topography.

Erosión Hazard. The erosión hazard is confined mostly to the steep valley walls.

Trail and Road Construction. and Layout. Wetness can be a problem for the layout,
construction and maintenance of roads on the flatter areas of Taxon F. Slope and
relief creates problems for layout and construction of trails and roads witl^ the
steeper areas of this mapping unit. Layout of N-S roads and trails is made easier by
the orientation of the terrain.
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Map Unit Six

General Description (see Figure 6, block diagram): This map unit consists of Taxons
G, H and 1. The landscape consists of the Rio Payabo Valley. Comprising the
landscape are several distinctive landforms. Central to the valley is the Rio Payabo,
bracketed by natural levees. Paralleling the berm-like natural levees are the píanar
surfaces of alluvial terraces. Finally, linear depressions sepárate the terraces from
the surrounding karst landscape of mogote and doline. Surface drainage is
provided by the river and a few meandering flood channels. Taxon H developed in
organic matter that accumulated in slackwater depressional areas. It occurs in the
linear depressions at the toeslopes of the valley sides. Taxon G developed in fine
alluvial sediments depositad by the Rio Payabo, and occurs on the nearly level plañe
between the natural levees of the river and the linear depressions. Taxon I
developed in coarse alluvial sediments that were deposited fírst as the Rio Payabo's
flood waters, no longer contained by its banks, spread out and immediately began to
lose energy due to decrease in velocity (energy necessary to float and move coarse
sediments). It occurs on the embankments or natural levees along the banks of the
river.

Percentaje composition, slope, capability class, permeability and lime and fertilizer
requirements of the map unit componente, and conservation management.

Taxon G: This Taxon comprises about 65 percent of this mapping unit. Slopes range
from O to 5 percent. The capability subclass is IIIw. Permeability is slow or
moderately slow. Lime and fertilizer are usually required for best crop response,
however applications of both should be based on a soil test. This soil can be
managed for cultivated crops

Taxon H: This Taxon comprises about 25 percent of the mapping unit. Slopes range
from O to 2 percent. The capability subclass is Vw. Wetness makes this soil
impractical for cultivated crops for much of the year.

Taxon I: This Taxon comprises about 10 percent of this mapping imit. Slopes range
from 5 to 10 percent. "^e capability subclass is As. Permeability is modérate to
moderately rapid. Lime and fertilizer are usually required for best crop response,
however applications of both should be based on a soil test. This soil has wide
suitability for a variety of crops adapted to the area. The main cor\straint is the
width of the landform, and flood chaimels that bisect it. Lack of water holding
capacity may be a problem during periods times

Water Quality Hazard. The water quality hazard in this mapping unit can be
minimized if fertilizer and pesticide applications are managed with restraint and
septic facilities are located a satisfactory distance away from wells, springs, and other
places where water is collected for human consumption.



Water Supply. Within this mapping unit, the supply of water mainly is from the
Rio Payabo, streams, ar\d widely separated springs.

Wildfire Hazard. Wildfire is a hazard from imperfectly managed presoibed
burning.

Erosión Hazard. Stream baiüc erosión is a hazard along the course of the Rio Payabo
and the banks of flood charmels. If the banks and suitable margin areas are
maintained in vegetation the erosión hazard is reduced.

Trail and Road Construction. and Layout. Wetness can be a problem for the layout,
construction and maintenance of roads on the flatter areas of Taxons G and H.

Overall though, this mapping unit does not present problems that cannot be
overeóme with slight routing changes.

Map Unit Seven

General Description: This map unit consists of Taxon J and Taxon K. The landscape
is comprised of hilly terrain that overlooks the surrounding areas of karst mogote
and doline landforms. Surface drainage is provided largely by intermittent and
ephemeral streams that dissect the area. Taxon J formed in residual parent
materials overlying igneous bedrock and occurs on the crests, backslopes and
noseslopes of the hills and ridges. Taxon K developed from colluvium and occurs
on the footslope of the hills and ridges.

Percentage composition, Slope, Capability Class, permeability and lime and fertilizer
requirements of the map unit components, and conservation management.

Taxon I: This Taxon comprises about 50 percent of the mapping urut. It ranges from
40 to 80 percent in slope. The capability subclass is VlIIe. The permeability of this
soil is either moderately rapid or rapid, Applications of lime are often needed for
best crop production. Fertilizer and lime applications should be based on a soil test.
There is a very severe erosión hazard wiéi this soil because of slope. The soil
should be protected by tree cover or permanent herbaceous cover crops. Burning
should be avoided on these soils because of the hazards of erosión and wildfíre.

Taxon K: This Taxon comprises about 50 percent of the mapping unit. It ranges
from 10 to 40 percent in slope. The capability subclass is VIe. Permeability is either
moderately rapid or rapid. Applications of lime are often needed for best crop
production. Fertilizer and lime applications should be based on a soil test. There is
a severe erosión hazard with this soil because of slope. The soil should be protected
by tree cover or permanent herbaceous cover crops. Agroforestry is another
management practice that can conserve soil. Burning should be avoided at all costs
on these soils due to the hazards of erosión and wildfire.
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Water Oualitv Hazard. The water quality hazard in this mapping unit can be
minimized if fertilizar and pesticide applications are managed with restraint.
Springs and other places where water is gathered for human consumption need to
be protected from plant and animal litterby barriers and periodic clean-up. Shallow
diversión ditches dug up-slope from the water supply can protect against
contaminating nmoff. Máximum distances should be maintained between human
waste facilities and the water supply.

Water Supply. Within this mapping unit, the supply of water is mainly from
streams, springs, and shallow wells.

Wildfire Hazard. The wildfíre hazard, often from imperfectly managed buming, is
great throughout much of this unit because of the steep slopes.

Erosíon Hazard. The erosion hazard is great throughout this mapping unit.
Management systems that incorpórate conservation practices are necessary for
sustained production. In many areas of this map uiüt agroforestry systems such as
coffee cultivation are important for both conservation and income.

Trail and Road Constructíon. and Layout. Trail and road construction is diffícult in
most places because of the steepness of the terrain and the hard, unrippable bedrock.

Following are descriptions of soil capability within each map unit. The
classes are ranked according to limiting criteria, such as depth, texture, drainage,
mechanical limitations, erosion hazard, ñooding, slope, and rainfall. The Román
numbers show the class and what limits the soil have and the lower case letter next

to it show what causes the limitation. The larger the number, the more limiting the
land use. For example, in map 3 (Antón Sánchez quadrant) we find that in Map
Unit 2 component C is capability class He (soils with some limitations due to
erosion), component B is capability class IVe (requires very careful human
management due to erosion) and component A is capability class Vnie
(severe limitations due to erosion) .



SOIL CAPABIUTY

Soilcapability is one of a niomber oí interpretadve groupings made primarily for agricultural purposes.
It shows in a general way how suitable the soils are for most kinds of fanning. It is a practical grouping
based on limítations of the soil. This affords eight classes of land and foxir subclasses; theseclasses and
subclasses have been sorted according to the degree of limitation oí potential damage. The risks become
greater as the number increases from Class I to Vni. These classes are suinmarized as foDows:

Class I - Soils in this class have few limitations that restrict their use.

Class U - Soils in this class have some limitations that reduce the cholee of plants or require modérate
conservation practices.

Class in - Soils in this class have severe limitations that reduce the choice of plants or require especial
conservation practices or both.

Class rv - Soils in this class have severe limitations that restrict the choice of plants or require very
careful human management orboth.

Class V - Soils in this class are not likely to erode but have other limitations which are impractical to
elimínate and restrict their use largely to pasture, range, woodland, or wildliíe cover. Examples would
be soils too wet for cultivation or subject to fiooding.

Class VI - Soils in this class have severe limitations that make them unsuitable lo cultivation and
limit their use to pasture, range, woodland, or wildliíe cover.

Class Vn - Soils in this class have severe limitations that make friem unsuitable to cultivation and
limit their use to pasture woodland, or wildliíe.

Class Vm - Soils in this class have severe limitations that preclude their use for commercial plant
production and restrict their use to recreation, wildliíe, water supply or for esthetic purposes.

The capability subclasses are groups of classes that have the same types limitations for agricultural
use as a result of soil and climate. The following four related subclasses:

e = erosión caused by either water or wind hazard.
w= wetness, drainage, or flooding hazard
s = soil Umitation affecting plant giowth mainly due to shallow, droughty or stony
c= climatic limitations
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Figure 1
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Soil Unit 1

Reconnaíssance Soil Survey of the Los Haltises Karst Reglón
Dominican Repubílc, 1997

Soib. Son Sedlmenls

Igneous

Herd Lim«ston«

Soft LImesIone

TaxonA* vtelldreined, shallow. fine loamy,
kaolinillc, isohypaniiermic Ltihic
Troporihents

Taxon B' wail drained, daap or modaralsly daep.
rma loaniy. kaolinitic, isohypeilhennk!
Typlo Paleudults

Taxon C* well drsinad, deep and very deep, fine
loainy, kaolinlllc,Isohypetlhermlc Typic
PaleuduHs

Taxon D* well drained, shaHow, fine loatny,
kaolinlllc, Isohypectharmlc , Lkhic
Oyslropepta

Taxon E* poorly drained, very deep, fine,
keoiinXic, isohyperthermlc, Typic
PlinthuduRe

Taxon F* poorty drafned.very deep, fina, kaolinitic,
isohyperthermio, Piinthie Paieudulla

Taxon O' somewhal and poorly drained. very
deep, fine. kaoiinXic, Isohyperlhermic,
Plinlllic PaleuduHs

Taxon H* very poorly drained, very deep,
iaohyperihermic, Typic Tropohemisis

Taxon t* w^ drained, very deep, sandy skelelai,
mixed, tsohyperthermic, Typlo
Tropofiuvenls

* (KOviaJonaí claasincationapending latwratorydala



Figuie 2

Soil Unit 2

Reconnaissance Soil Survey of the Los Haitises Karst Región
Dominican Repubiic, 1997
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Figure 3

Soil Unit 3

Reconnaíssance Soil Survey of the Los Haitises Karst Región
Dominican Republic, 1997
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Figure 4

Soil Unit4

Reconnaissance Soil Survey of the Los Haitises Karst Región
Dominican Republic, 1997
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Soil Unit 5

Reconnaissance Soil Survey of the Los Haitises Karst Reglón
Domínican Republic, 1997
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Soil Unite

Reconnaissance Soil Survey of thG Los Haitises Karst RGgíon
Dominican Rapublic, 1997
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I. Introduction:

I-a: The Task Ahead: Managing PNLH

In the early 1970s, the Food and Agricultura] Organization (FAQ) of the UN made
a concerted effort to assist in the developmeni of regional planning documents for national
parks in Latin América. By 1976, over 55 plans and planning documents had been
prepared for parks in this part of the world and severa! highly useful documents had
resulted (in Spanish and English) from the so-called FAQ Regional Project (Miller, 1982).
One of these was a guide for the preparation of management plans (Moseley, Thelen and
Miller, 1974) and another was a guide lo applying múltiple use concepts within national
parks (Deshler, 1973).

In this same period, Los Haitises National Park (PNLH) was cre^d on the north
central coast of the Dominican Republic through Law 67 (1976). Ii is today one of the
country's largest protected areas,i having grown considerably and shifted its boundaries
repeatedly over the past 22 years ago (Map 1). Much has been leamed about the
biophysical and social characteristics of the karstic plateau where it is located, yet it lacks a
clear-cut management plan and múltiple use strategy. With the park's expansión and
inclusión of severa! dozen ruralcommunities (Map 2) has come a compelling need for wise
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Map 2

Community Locations in 1981
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management, without which PNLH will rcmain a paper park and an uncertain experiment
in integrated conservation.

In recent years, LHNP has been in the headlines more because of conflict than
because of cooperation. This is somewhat hard to explain in light of the excellent Plan de
Uso y Gestión completed by the Spanish Agency for Intemational Cooperation (AECI) in
1991. In retrospect, the Spaniards called for a management approach to the Los Haitises
región which was enlightened and based on their exhaustive research using information
available roughly a decade ago. We víew our contribution as a sequel to the work of AECI
and a complement to it. In general terms, we endorse their integrated approach to humans
and their environment, their use of zones, and their emphasis on research as a basis for
decisión making. At the same time, given the opportunity we have had to do additionaJ
research and to use geographic information system (GIS) mapping resources, we suggest
modifications they themselves might havemade with an additional decade of data and field
observations.

The following document is not a "management plan," but a series of suggestions
and research implications from investigations made by Comell and its companion
institutions in the Dominican Republic, particularly the Universidad Nacional Pedro
Henriquez Ureña (UNPHU). We hope that our fmdings, corabined with those of the
Spaniards who preceded us, will assist the appropriate agencies within the Dominican
Govemment in planning and managing PHLH. To be successful, we believe, these
efforts must balance numerous legitímate interests, subscribe to a strategy which is both
adaptive and participatory, and leam from the successes and failures of other park
management experiences in Latin América.

I-b. Management Suggestions Summarized

Below, we treaí each of these topics in tum, noting where our collaborative
research is relevant, for use by national planning bodies, by govemment agencies with
explicit administrative responsibilities in the Los Haitises región, by local communities and
citizens groups, and by nongoveramental and church-based organizations. Preceding this
are suggestions, both general and specific, intended to complement and in some instances
alter management recommendations offered by the Spaniards. Our working assumption
throughout these suggestions is that Decree 319 will become law with minor
modifications.

General Suggestions

1. Combine Samana Bay, the mangroves, and PNLH into one ecological management
unit. All three are important components of the national patrimony and interdependent
with the coastal eco-region of the Caribbean.

2. Through this broader environmental framework, amplify the Park's administrative
framework to include both govemment and non-govemmental stakeholders, local and
regional, as well as rich and poor from the región, and put in place a democratic
structure to give voice to all interests.

3. Pursue just compensation for those families being removed from PNLH and even-
handed resettlement policy for those allowed to establish permanent homes in the co-
management arcas of Zone ni (see below).

4. Adopt the following four management zones in the LHNP (see Figure 1):
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Zone I: The core zone, which measures 303 kin2 according to
Decree 319 (which should include another 56 km2 lo fiilly
protect mangroves on the west end of Samana Bay).

Zone II; The buffet zone, which divides Zone I and ni and includes a
living fence (e.g. Gliricidia sepium or Senna reticulata)
marked with signs indicating closeness to borders and rules
which apply in each zone.

Zone ni: The zoneof cooperation andextraction, measuring 857 kin2,
with restricted farming where there is high biodiversity or
steep slopes, fragüe soils or contamination risks to aquifers
and surface waters from farming or grazing.

ni-a: The co-management zone closest to Zone 11 where fruit
trees, perennials and agroforestry are permitted.

ni-b: The co-management zone most distant from Zone I which
permits all uses in ffl-a as well as annuals and nonintensive,
small-operator agrosilvo-pastoriLism. The border exterior to
ni-b requires either a live fence or posts/signs showing the
park'souterlimit.

Zone rV: The marine zone, measuring 215 km2. (Research is needed
to assess the current boundary between Sánchez and Sabana
de la Mar. A more modest boundary which follows the coast
between these communities at a distance of approximately 1
or 2 kilometers adequately may buffer the park from the
north.)

Define and rigorously monitor múltiple use within PNLH and adjust its meaning as
new investigations, in which farmers themselves should be involved, provide
evidence that economic activities are environmentally sustainable.

Practice adaptive co-management in PNLH, that is, managemMit which is
periodically reviewed and revised based on monitoring of progress towards park
goals and policies.

Treat the aquifer under the karstic plateau of PNLH as a major societal resource and
attribute of the park. As such, seek INDHRI's immediate assistance in mapping
and interpreting it; use extraordinary means to protect it if Zone ni is opened to
settiement and use; and conscienticize area residents about the permeability of its
limestone cover and its immediate susceptibility to human pollution.

For those on the census performed by the Dirección Nacional de Parques (DNP),
continué to use land resettlement outside PNLH to relieve human pressure on the
protected area and assure that those who are resettled benefit from services,
technical assistance and title security in order to avoid their retum to former park
holdings (see our GEF Report of December, 1996).

Foster on-going cross-visits by park managers, Zone HI leaders and residents to
other parks and protected areas in the D.R. and elsewhere, where iniegrated
conservation and sustainable development are practiced and where local
participation and co-management are successfiil.



,, íWftíprHHWfitHiiiwiafe;;

10. Establish an accountability system for Zone in which encourages and rewards
compliance with landuse guidellnes and rules. This system should entail
certification courses for sustaínable farming and forestry, permits or cédulas
enabling residency and use, and courses covering skill areas faimers request to
increase iheir command of sustaínable farming.

Specific Suggestions

1. Boundaríes

The area included in PNLH has variad greatly, from 208 Km2 in 1976 to 1617
Km2 in 1995. In Decree319, it is 1375 km2. 1). This variation has contributed to
confusión and credibility problems that surround PNLH. Yet the present decree has
several merits;

a. It roughly conforms to thekarstic plateau east of the River Payabo, makíng de-
marcation clear in a gross sense of what is "protected," andtherein maximizing
the likelihood that the aquiferunder the plateau will beconserved.

b. It increases Zone I from 208 km2 to 303 km2 (a net gain of roughly 100 km2)
and shifts the location of the core to the coast and to karst lands south of the coast
where the forest cover is least altered. The core zone should be protected from
all commercial extraction.

c. It contains 215 kin2 of Samana Bay (see suggestion for further study in
description of Zone IV, above) and mangrove forests on the south side of
the Bay, an important source of some species of crabs, shrimp andfish.

We suggest the following modifications;

a. The mangroves at west end of Samana Bay, between Sánchez to the north
and thekarstic plateau to thesouth, be included in thecore area of PNLH to
which it is contiguous.

b. Thatthekarstic región west of the Rio Payabo be used as a control area in
which agricultural activities in Zone III can be compared with respect lo
such things as soil conservation, ground and surface water quality, and
biodiversity.

c. The entire core area should be clearly marked with a (native) vegetative
fence, informative signs as to location and regulations in effect, and
patrolled by Park guards to enforce limited entry to Zone I.

d. Boundaríes of the core and multiple-use zones should be entered in a
automated digital (GIS) map that is shared with public agencies with
administrative mandates in the región. Copies of the map should be widely
distributed and displayed in regional schools, public buildings, tourist
offices and, where requested, farmerhouseholds.

e. Global positioning systems (GPS) should be used to accurately establish the
map position of theabove Zones and of individual pareéis allocated in Zone
III.

f. A grievance procedure should be established through which disputes
regarding the location of any park boundary or allotment therein can be
settlcd openly and fairly.

g. Pareéis within Zone III allocated for prívate use should not exceed 100
tareas, a limit which over 70 percent interviewed said was sufficient for
their needs (see Comell's December, 1996, GEF Report). Every effort



should be made to avoid allocatíon of Zone m lands which have
problematic slopes, soils, proximity to groundwater or where biodiversity
warrants protection rather than use (see later sections of this report as well
as Dirección Nacional de Parques, 1996).

2. Economic Activities:

The desperare economic conditions to which the majority of fairulies awaiting
settlement in lAD resettlements or in Zone III cannot be oversiated. As noted in a recent
report compiled for CEZOPAS (GUIA, 1997), in the frequent public releases made by the
Movimiento deCampesinos Trabajadores "Las Comunidades Unidas" (MCCU, 1996), and
by GEF consultan! Alien Putney (1997). Putney (1997:4) states: "A series of worsening
socio-economic factors are creating increasing pressures on the protected oreas. These
pressures include rural unemploymení, destruction of the natural resource bases outside of
protecdted areas, poor distribution of the benefits from resource use, poorly plamed
tourism development, limited altemativesfor income generation by local communities, and
poor understanding of resource use limitations andpotentials."

We concur with the conclusions reached by the Spaniards in 1991 (see Section
in.5) and by various govemmental and nongovemmental organizations now operating in
the región thal economic activity in the zone of cooperation is basic to social development
and lo biological protection in the core zone. This activity is a joint pubiic-private- and
nonprofit venture. All three sectors must collaborate if it is to succeed.

Economic activities appropriate to the zone include eco- and agro-tourism, environ-
mentally conscious agriculture, artesanal ñshing, and micro-industries which add valué,
employment, and livelihood to Zone in. Just as local inhabitants supplement their incomes
as farmer-trainers through Instituto de Información Técnica (INFOTEP), there are
numerous public sector employment opportunities which can expand household income,
including farmerextensionists, farmer surveyors, and faimer conservationists. Surveyors,
for example, should be paid to position parce! boundaries using global posilioning services
(GPS), añer taking a course to acquire this skill through INFOTEP or similar training
institutions.

Themainstay of economic activity in thezone of cooperation will beagroforestry
and eco-conuco (environmentally conscious) agriculture. These production strategies have
been elaboratedand subjected to cost-benefit analysis in our prior GEF reports. We urge
that the govemment and nongovemmental sectors actively support sustainable agriculture
initiatives (which include but are not limited to organic farming techniques) with training,
education, extensión, technical assistance and low-interest and long-term credit programs.
As with commercial agriculture outside PNLH which benefits from extensive assistance
and subsidy of this kind, no one should expect sustainable farming to succeed within Zone
in without concerted effort and attention from outside.

The región has several other comparative advantages which can be commercialized
for the advantage of local residents:

Ecotourism: We have previously given our support to ecotourism (GEF Report,
June, 1996), as have the Spaniards. A great deal of ecotourism already exists in the
Dominican F^blic, most of it managed by the private sector. The growth of national parks
and reserves in the country is apt to increase hotel and hospitality industry revenues and to
offer service sector employment. As has often been noted, however, this employment is
seasonal and does not pay well for entry-level jobs. Tourist guide Jobs, sometimes held



out as something local farmers and fishemien can hope for based on their intímate
knowledge of local natural resources, often go to nonlocal people who speak foreign
languagesand have the politicalconnections leading to such employment.

Alien Putney's 1997 report, referred to earlier, notes (p. 5) the importance of
stabilizing and enhancing the flow of financial resources for the management of protected
areas nationally, including the sustainable development of associated human communilies.
A variant of ecotourism which mightproduce local jobs and revenues in the future is agro-
tourism. Here, farmers opérate their farms in environmentally conscious ways and receive
some poition of the revenues collected from tourists who. as pait of their regional tours,
visit successful agroecology and agroforestry sites in action. It is often commented thaí
bring tourists to íie country and the región is one ihing; getting them to pay to see local
"sustainable agriculture" programs or low impact approaches to forest extraction and use is
quite another.

We agree with Putney and urge that some source of dependable revenues be
earraarked for national park needs, be this an increased airport tax on foreigners, an
exclusive commitment of Sello Pro Parque funds to this objective, or an intemational
"Million Meters Squared" campaign in which foreigners are solicited, as in Costa Rica and
Japan, to contributeto the "purchase" of addedpark lands. It is highly likely that the many
visitors to the Dominican Republic are attracted because of "Caribbean Island amenities"
such as beaches, reefs, waterfalls, mountains, tropical forests, and exotic biota and would
be sympathetic to contributing to their protection. A portion of these funds should go into
local rotating loan funds or to environmental challenge granls for local conservation and
sustainable development.

Yautía.. about which we have written in early GEF reports, is a lucrativo crop with
a dependable market demand. Much of the best yautia grown in the Dominican Republic
comes from the LHNP región, a cash crop which could supplement subsistence farming
and make it less precarious. There is, however, a widely held impression (among the
Spaniards and others) that migratory agriculture in pursuit of yautía is the chief enemy of
conservation in PNLH. When the Spaniards performed their research, the park boundaries
were ambiguous, migratory farmers were convinced that "good" yautía only grew in what
is now considered Zone I of the park, and few observers understood the three-way
connection between deforestation, yautía and cattle. Cattlemen often employed landless
farmers to clear pasture in the park in exchange for rights to cultivate these pareéis for a
brief period after buming them. This relationship and the high concentrations of callle
which followed were the principal sources of forest deterioration and groundwater threats;
migratory agriculture was often done in the service of another lucrativo enterprise-cattle
raising-Üiough yautia cultivation typically took all the blame.

Much has changed today to allow a rethinking of yautía as an acceptable cash crop
within Zone m. Importantly, large concentrations of cattle are prohibited from the park
following their removal from Zone I in 1992. Cattle perform a very different function for a
small, multi-purpose farmer from that of a large cattle rancher,2 the incentive to open large
expanses of pasture by allowing farmers to bum forest and plant yautia has subsided.
Secondly, the park boundaries now appear to be st^ilized for the first time in several
decades. This, along with a 1996 law banning migratory farming, raises the penalties for
such production and makes migratory agriculture less attractive. Thirdly, from field visits
to farm plots where yautía is grown in mucuna slash, we have preliminaiy evidence that
yautía might grow as well in Zone lU as in Zone I. Thus, slash-mulch farming techniques
may compete with slash-and-bum approaches to growing yautia, especially when the high
cost of transport from Zone I is considered.



ChemicaJ Free Produce- Another comparative advantage of Zone III is its lack of
chemicalapplications comparedto virtually all other arable land in the Dominican Republic.
Europeans and Noith Americans, and to a lesser extent Dominicans themselves, are paying
premium prices for organic produce. Our cross-visit to El Tigre National Park in Honduras
in 1994 provided a powerful example of how organic produce can be grown in a national
park and bring high prices in near-by urban centers. Many producers in Third World
countries wish to sell to such markets but are unable to lócate soils free of commerciaJ
pesticides, herbicides and fertilizers. National park peripheral areas are a good place to
look, and allow producers wishing to compete in this market to be certified. This of course
contrasta with most CEA lands and farmland elsewhere in the Dominican Republic where
chemical application have occurred for many years.

Whereas a growing number of Dominican farmers in and around Zone III are
experimenting with altematives to migratory agriculture, it remains to be seen whether they
can support their families by farming intensively on 50-100 HA of Zone m land without
using chemicals. We are not recommending a complete ban on chemicals but rather
training in their proper use (see below, under Rights and Responsibilities). Sustainable
agriculture means diversification and experimentíUion with environmentally friendly
farming techniques, and a prudent ^proach to chemical addilives.

Water: Another comparative advantage of the LHNP región is its abundance of
water due to heavy rainfall. This resource translates, thanks to a year-round growing
season, into rapid growth of many species. Among these are many species of fruit, many
fast-growing trce species with múltiple uses (see attached G. Ford's Doctoral thesis), and
understory species ranging from cacao and coffee to mushrooms. It may be appropriate, in
time, to seek a permit to cut and process timber in the región, taking advantage of fast
growing species that thrive on rainfall (the issue will be whether to permit exotic species
which meet this description in a national park; recall that Zone III falls within the official
PNLH boundaries).

Perhaps the most obvious product resulting from water surpluses is water itself.
Like the Spaniards, we view the aquifer under the park, where much of this surplus
collects, as among the region's most valuable resources. It can be viewed as both a
resource and a commodity. Uncontaminated water from the Los Haitises aquifer, said to
be the largest in the country, may one day be tapped by the public or prívate sector to meet
growing water needs elsewhere in the country—domestic, industrial, municipal and
agricultural. One way to capture it the monetary valué of this resource is to bottle it for
sale, an idea that would require a partnership with prívate sector investor or manufacturer
as in the case of Agua Galván in ^e Dominican Republic or the Coca Cola bottling plant
next to Guatemala's Sierra de las Minas National Park. Though such schemes may seem
far-fetched to some, recall that residents of Zone III are being asked to forego ceitain
activities because they live near a national park and over a fragüe aquifer. It seems
equitable that they besubsidized to produce a needed resource fund^ental to the health of
consumers throughout the nation.

This list of income-generating activities is not exhaustivo. Further ideas worthy of
consideration are found in the park management plan literature summarized in the final part
of this section (e.g., charcoal, minor forest products, ornamental plants and flowers,
honey, mushrooms, aquaculture, etc.).



3. Rights and Responsibilities

What should be the rights offamilies allowed to dwell permanently within Zone El
and should people outside the Zone have any rights within it? These are among the two
most pressing questions facing PNLH policy makers loday. Upon cióse examination,
they consist of three issues which are framed below in terms of rights:

3-a. Access Rights:

According to the Spanish report (AECI, 1991:86) there were an estimated 350
homes in what the Spaniards referred toas diecore zone in 1981 (smaller than current Zone
I). Severa! local censuses have occurred since the 1992 military removal of park residents,
the most recent of which by theDNP generated a list of nearly 4,300 families (or between
21,000 and 26,000 people,depending on average family size). TTie following table shows
several different distributional results per person and assume an equal distiibution of land:

Potential Distrlbutlon of Land per Person In PNLH
under Various Sets of Assumptions over Time

Reference

AECI Total Ambito
(AECI, 1991:29)

Total Area

143,500 HA
(136 parajes)

Population HA/person or /family

37,000 3.88HA/person
(1981 Censas) 23.28HA/family

AECI Total Ambito 122,700 HA 37,000 3.32HA/person
minas AEQ core zone (129 parajes) (1981 Censas) 19.90HA/family
(AECI, 1991:29)

AECI Partial Ambito
(AECI, 1991:168)

AECI Partial Ambito
(AECI, 1991:168)

Decree319
1997

90,600 HA 40,431 2.24HA/person
(part of 136 parajes*) (1984 est.)** 13.44HA!/family

96,500 HA 46,870
(pan of 136 parajes*) (1984 est.)**

2.06HA/person
12.36HA/famüy

85,700 HA 25,800 3.32HA/person
(Zone m) (1997 DNP Censas) 19.93HA/family

* OnIy that land ased for migratory agriculture (combination of "bosqaes aclíuados para
agricultura migratoria y aclarados con etapas de regeneración natural y barbecho" ander
Areas Transfonnadas," p.l68
** Estímate based on assume 3% growth rate/yr. asing 1981 censas as base year

This table generales five estimates of the land base available to families in the Los
Haitises región over time. The Spaniardsselected 136 parajes in and aroand the park as it
was defmed in the 1980s and foand that, based on the 1981 population censas, that each



family had just over24 HA of land if no prohibitions were imposed on use of the park for
dwelling and exü"action. If we reducethis totaJ area by 208 km2to reflect theoriginal core
zone of the park a decadeago, the area available per family remains almost20 HA. This is
generous considering many accounts consider 2-3 HA of level, reasonably good soil to be
sufficieni to maintain a family of 6 in tropical agriculture. The third row of informaiion
uses 1984 land use data reported by the Spaniards. Land that was subject to migratory
agriculture, mixed farming/grazing or commercial farming with the 136 parajes was
included and amounted to just over 90,000 HA. If this were used as a more accurate figure
for potential culiivation (than the 122,700 HA), then the family average would have fallen
to I3.44HA. The same calculation is possible for 1989. Here, more land has been cleared
but population is also expanded through immigration (Hurricane David, high yautia pnces,
etc.) and high fertility. The result is that per family area falls to a still generous 12.36HA.

The last Une ofthe table is of the utmost importance. It shifts attention to Zone III
of Map 1(or the intemal buffer zone ofDecree 319) which measures 85,700 HA and could
contain as many as 25,800 people (4,300 families X 6 members per household). These
facts yield an average parcel unit of almost 20 HA, the same figure implied in the Spanish
Plan after the core of the park was removed ffom human use. In other words, whal the
Spaniards found to be operating a decade ago or more is still the reality in terms of potential
access to land for those families in and near what was formerly called "buffer zone" and
what we are referring to as Zone III. In 1977 the National Parks office carefully checked
the regional census of who had a legitimare claim to land within the park based on 1)
established dwelling within the park and/or 2) living outside the park but responsible for
improvements to land within the park. It can be reasonably certain that all other claims
have been addressed through lAD resettlement.2

This apparently optimistic situation must be qualified by three important
consideraiions:

First. the above table in every instance makes the false assumption that land is
equally distributed among families. In fact, there are some claimants lo several thousands
of hectares of land within Zone in, meaning that probably the great majority of families
will have to be satisfied (if Parques elects not to use a lottery system of land distribution)
with a small fraction of the total land shown and consequently a much reduced per family
figure. It is not unlikely, based on agricultural land concentration elsewhere in the
Dominican Republic, that 5 percent of the owners claimed ownership to at least half of the
Zone ni farmland (and often the better lands). If this situation is not corrected in PNLH, it
means that 42,750 HA will be available rather than 85,700 HA and that approximately 10
HA will be the average size of holding for all other families, assuming they are more or less
equally distributed, Some may be pleased with this amount, bul bear in mind that the equal
distribution assumpition is not currently in effect.

Second. our recently completed soils m^ (Map 3) of Zone in (done jointly with
UNPHU -see below) indicares that some sections of this Zone should not be cultivated or
grazed because of 1) steepness, 2) soil type and depth to bedrock, and 3) proximity to
groundwater or highly permeable substrate. Our estímate is that at least 20 percent falls
within one or more of these categories. Moreover, our land cover maps compiled from
aerial photos in 1993-97, like similar imagery compiled by the Spaniards in 1984 and
1989, suggest that there are still forested areas of potentially high biodiversity which
should not be altered just because they are in Zone ni and not in Zone I.

Third and finally, it is highly advisable for DNP to plan for future as well as
present generations. Here we refer lo the claims of future generations, the descendants of
those families now being allowed to resettle Zone III. If families know that the use rights
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of their allotments can be inherited, they wilí be better stewards of the land (and hopefully
the park as wel!) during their lifetime. For these three reasons, the govemment would be
wise not lo distribute aü avaüable land in Zone III and, since it owns the land within the
entire park, it can confíscate or buy out the larges; owners in order to have more land to
distribute evenly among small-holding families. This we believe is advisable for the sake
of both current equity and intergenerational equity, that is, to reserve a modest amount of
land in Zone in for future generations.

To summarize our calculations indicate that the Dominican Govemment is in the
enviable position of having a "surplus" of land within Zone in, from a subsistence
standpoint, to provide for 4,300 families. Given this surplus, the Govemment can be
both generous and fair. We urge a buy-out of large holdings in Zone III to increase
resettlementopportunities for small-holders based on the following reasons:

1) the largest holdings tend to focus on cattle production which should be
nrünimized in the park for environmental reasons;

2) small holders are widely known to be more productive than large holders
per unit of labor; and

3) a buy-out will prevent the extremes of land concenlration on the one hand
and minifundia on the other (both have negative environmental
consequences).

As a general principie, we believe the govemment should hold some land out of
current production land in Zone ni for planning flexibility in the future.

3-b. Use/Improvement Rights

Currently, the Dominican Govemment asserts sovereign ownership over the entire
PNLH, a claim which is strengthened by the fact that the "buffer zone" (Zone lU) lies
withinand not outside of the offícially designated park. We have discussed at considerable
length certain suggestions on how to impart security through long-term, renewable use
rights in our GEF Report of December, 1996. The govemment has its strongest land use
control in its right to recall land if it is abused; title holders should be guaranteed a
mínimum term of tenure (e.g., 20 years) which would not be interrupted except when
"owner" responsibilities are not met (see below). The govemment will probably want to
clarify where if at all the so-called Ley de Mejoras (permitting those who improve public
land for agriculture may claim up to 50 tareas/year) applies to PNLH.

As noted above, Zone I should permit only scientific and touristic/recreational uses.
Zone in will be a múltiple use are, the specific uses of which should be negotiated
according to subregions within the zone. Local farmers should have a respected voice in
what these uses are. Some subregions exhibit more biodiversity and should permit fewer
uses; others, as is shown in Activitiy 2.2.6, are composed of soil units which should not
be heavily farmed, if at all. Our soil Capability Analysis in that same section suggest
reforestation in some parts of Zone III, an activity which must be carefully considered
given that exotic species should not be permitted in a national park no matter how
promising they are from an agroforestry standpoint. The soil analysis also contains
valuable informalion on where sink holes are typically found and where, therefore, any
human behaviorwhich mightcontamínate groundwater(Map3).

We believe, based on the results of our GIS work to date, th^ restricting parts of
Zone m for the reasons just stated will not cause difficulties in managing PNLH. Por
example, using the Antón Sánchez quadrangle to illustrate our point in detall, we were able
lo combine both soils map (Map 4) and population densities (M^ 5) prior to the 1992
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removal using GIS (see Map 6). Although Map 6 focuses on the Antón Sánchez
quadrangle, the analysis shows tends lo be tnie on a broader scale. This is that farmers
tended not to setile in parajes with in Soils Units 4 through 7 where conditions least
warrant cultivation.3 Instead, they "voted with their feet" and chose subareas in Zone DI
which because of the better soils, now seem farsighted. Had all the land in Zone m been
allocated for use, some farmers would have been forced to farm the poorer soils and
steeper slopes.

3-c. Transfer/Sale/Speculative Rights

There are three uses which should not be permitted in PNLH by anyone. First
among these is destniction through poor landuse and overexploitation. To avoid this, land
should be allocated through provisional rather than permanent ownership certifícales and
revoked if abuse takes place. A second prohibited use is sale, either overt or covert. Sale
would seem inelevant without ownership but markets in partial entitlements can also
dismpt the normal management of the Park. Absenteeism is a Ihird "use" (misuse) which
should be discouraged if not prohibited. Absenteeism means the absence of all family
members for more than a year. If a family elects to migrate away from the park, it has every
right to do this. It is entitled, in our view, to fair compensation for its improvements
adjusted for inflation. This brings us to our final suggestion—a ban on speculation on all
pareéis in the park. Speculation and absenteeism tum land into a market commodity rather
than a factor of production vital to community and family within this zone.
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COMANAGEMENT AND ACCOUNTABILITY

In summary, this first section contains suggestions regarding boundaries, economic
options, and rights/responsibilities within Zone IH. We noted in our December 1996 GEF
Report high levels of willingness on the part of current and previous park residents lo
share responsibility for management of PlA.H through co-management wiih DNP. Just as
DNP is accountable to the govemment for its actions, DNP must hold farmers in Zone ni
accountable for their behaviors in the Park. This will require controls to assure compliance
with whatever management agreement is finally established between local farmers and
DNP. We urge that these controls include a unique set of identification cards for
participating farmers, performance contracts, and education-basedcertification.

Identification cards: Identification cards for those families which appear on the
1997 DNP Census and who have not been resettled elsewhere will serve as permits to enter
and use Zone m. Anyone in Zone IK without such a permit (or something equivalen!
issued by DPN) would be subject to fine and expulsión.

Performance Contracts: We further urge that card holders and DNP joinüy
generate performance contracts defining permitted uses and stipulating the basis of
removal and suspensión of tenure rights for families or individuáis not observing the terms
of this contract. This joint negotiating process should resolve the following issues as
importan! first steps in the co-managment of PNLH:

should all families issued Zone DI identifícation cards/use permits sign such
contracts?

should the contract be standardizedand apply equally to all families and
Zone m users?
to what extent should the contract be attentive to the concems of nonfaimers?

Educational Certification: Finally, we urge that educational courses be offered
through INFOTEP or similar teaching programs related to required and desired Zone ID
behaviors. Identifícation cards should be issued only on compleüon of this course or
within one year of receipt of such cards. Failure to take this training course within this
year would terminate use privileges within Zone ID. Periodic refresher courses teaching
new farming, forest and environmental management skills should be offered by the same
institutions in exchange for certification for additional uses in Zone DI. We urge three
levels of acceptable performance (Farmer-Cooperator; Farmer Extensionist; and Master-
Farmer). Farmer identifícation cards would state each farmer's capacity level and more
advanced ID holders would receive recognition and benefits for extra educational effort
(e.g., better loan terms from the Banco Agrícola, priority involvement in subsidized cross
visits and training course, marketing assistance, etc.). Controls administered by the
govemment will elicit optimum behaviors if they combine both incentives and rewards with
disincentives and penalties.

12
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II. THREE PLANNING ESSENTIALS

"For many years it waí thought thai the solution to theproblems of protected natural oreas
was to befound in the elaboration of detailed management plans. Nonetheless, numerous
orea managers with such planes frequently signaled that these plans were of little or no
help. It seems that the panacea ofthe 1970s wasinpractice laid aside by the decade of the
1980s. On the other hand, it was observed that some of the protected áreos with the best
conservation had no formal managementplans. In these cases, once every year or two
shorter term plans were designed which lacked conceptual components but which
contained practical descriptions of how to execute actions or planned works for a given
period of time. Thus it was that in the second half ofthe decade ofthe I970s people began
to speak of 'operational plans' as a short and mid-term altemative for cases in which a
management plan was lacking." Hugo Amal D., The Nature Conservancy (no date).

In its simplist form, planning is the art of looking ahead and identifying the
behaviors needed to survive the future. It is the ability to develop and maintain assorted
kinds of capital basic to life. Without this, sustainability-defmed as living off interest and
conserving capital—is highiy unlikely. In other conceptual terms, planning is an arch with
three mutually reinforcing "blocks." These blocks are: the ability to balance múltiple
interests at a regional sede; the ability to include a true cross-section of voices in the
planning process regardless of their status and power in society-that is, true participation;
and the ability to adapt as circumstances change. Planning is never easy, but attempting to
make it easy by ignoring any of these essentials is in the long run counterproductive.

Il-a. Balanced Planning

Efforts to balance the needs of the biosphere and the "sociosphere" have become
something of a new paradigm in environmental management in recent years. Since at least
the early I980s groups such as lUCN have recognized the importance of integrating human
cultural preservation with that of nature (see Section EH, below). Numerous spatial
schemes for accomplishing balance among legitímate interests now exist. Perhaps the best
known is zonation, where certain areas are reserved for strict conservation, others are
viewed as appropriate for cooperation among consumptive and conservation interests, and
buffer zones are devised to sepárate the two. The final section of this report reviews Latín
American park management literature and draws attention to the balance of interests therein.

In addition to the balancing diverse interests in the park, park managers should
attempt to intégrate regional and local interests. At the outset of the GEF process in the
Domincan Republic, we proposed work which would set PNLH management in a broad
regional context. We did this in two ways.

1. We adopted for research and GIS purposes (see Activity 2.2.5) the regional
study area or "entorno" used by the Spaniards. This covered 143,500 HA and 136 parajes.
In the belief that the Dominican Govemment would adopt the AECI recommendations for
management, we scaled our research to theirs and sought to replícate studies they had
initiated and to fill in certain of their omissions. With the latter in mind we undertook the
aerial survey of PNLH at 1:20,000 feet in 1993. The motivation was to have current land
cover information (vegetation and human use) following the 1992 removal to compare with
the land cover analyses presented by the Spaniards for both 1984 and 1989.
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2. The soils analysis discussed earlier in this report, (Map 3 and 4) while not done
for the entire study area of the Spaniards, covered the complete karstic platean which
characterizes the "Los Haitises región," including the karstic arca west of the Rio Payabo
not included in PNLH but serving as a control región for any future comparisons between
protected and nonprotected arcas of the karst formation . We aiso performed soils analyses
in the Bajo Yuna región north of the karst formation (Laba, 1995) as well as in the vicinity
of El Deán to the southwest of it (Tso, 1996). Together, these three soils studies offer a
regional overview of soils and substrate which only partially existed previously and are
fundamental lo regional natural resource planning in the future.

Since the inception of our work we have also taken serious note of the proposal for
a Man and the BiosphereBiosphereReserve advanced by the Centro Para la Conservación
y Ecodesarrollo de La Bahia de Samanay su Entorno, Inc. (CEBSE, 1993). PNLH falls
squarely within this larger regional visión, constitutes a "core" area within the Biosphere
proposal, and is an important terrestrial component of this marine and coastal blueprint.
We have operated under the assumption that someday the región might be converted to a
Biosphere reserve, a development that would probably welcome a successful conservation
experiment in the zoned management scheme of PNLH.

Our most serious failing from the standpoint of regional research, in retrospect, was
the absence of a regional analysis of groundwater underlying PNLH. This we did not
contract to do but remains an important set of parameters which the Dominican Govemment
should undertake now that the likelihood is high that a population of some 20 to 30
thousand people will be permanently living and working in cióseproximity to it.

Il-b. Inclusionary Planning:

Of the three essential planning components noted, participation is certaiiüy the
keystone. The Spaniards avidly agreed wiih this principie (AECI, 1991:30-35).
Prominently displayed in the early section of their important document was support for a
participatory approach to planning and management. In the words of its authors, such
advocacy

"...adquiere un protagonismo fundamental cuya necesidad se justifica tanto por el
carácter integrador del Plan como en la concurrencia de intereses diversos—y
muchas veces antogónicas—entre los distintos organismos y colectivos afectados..."

Authentic public participation is also a sentiment shared by UNDP (1993) and by the World
Bank (1992) and of course by a wide spectrum of NGOs. As the Spaniards emphasize, the
failure of Proyecto MARENA (1986) can largely be attributed to the project's failure to
place public participation at the center of this otherwise appropriate initiative. Participation
itself does not guarantee success but its absence is often a sure recipe for failure.

A major obstacle to public participation is the view of some in both the
envirorunental and the planning communities that local people are parochial and that their
views will only impede "good" management. Co-management, from this perspective, is
apt to clutter the environmental protection agenda with extraneous social and economic
concems. We found repeated evidence that this was not the case. This began with our prc-
GEF rapid rural appraisal (1991), several cases studies of resettlement arcas (Hughett,
1993) and park-periphery communities (Jacobs, 1996; Gutiérrez, 1996), two surveys of
area residents in 1993 (Duarte and Stycos, 1993) and 1996 (Lizardo, 1996), as well as



deiailed ethnographies of the different community types in the región (GEF/Portorreal,
1996/1997).

Below are salient findings from the 1992 and 1996 surveys which, in the main,
suggesi common interests between environmenialists and local area residents of PNLH.
The former (a pilot study of four communilies) included 262 adults, 139 men and 123
women. The latter covered 590 residents in 12 communities and was heavily oriented
towards male heads of household. Both surveys occurred after the official removal of
livestock and many residents of the area, one immediately after it occurred and the oiher
after almost 4 years of govemmeni indecisión. Together, the two surveys provided insights
inte the beliefs and behaviors of families removed or anticipaling removal from the area lo
either land reform resettlement projects or to spontaneous neighborhoods adjacent to
communities in the región and beyond (Table 1). Despite spacial separalion, aJl families
experienced the effects of park expansión on their Uves and were cooperalive in responding
to the questions posed by interviewers.

Table 1: Communities Interviewed in 1992 (•) and 1996(*)

COMMUNTTY # FAMIUES DSnHERVIEWED

Los Limones (•)(*)
Majagual (•)(*)
Gonzalo (•) (*)
La Altagracia (•) (*)
Sab. Grande de Boya (*)
Sánchez (*)
Bayaguana(*)
Santo Domingo (*)
El Catay (*)
Los Hatillos (*)
El Deán (*)
Batay Juan Sánchez (*)
El Cristal (*)

There are repeated indications in the following (selected) findings that area
residents, whether still in their pre-1992 place of residence or in a new home, know about
PNLH, support some or many of its conservation objectives, and wish to be involved in
the planning and execution of this conservation. Despite severe hardship as a result of
relocation threats and realities, protracted waiting for new land and housing, irregular food
rations, uncertain park boundaries, and diminished services of all kinds, community
members showed themselves to be remarkably resilient and favorably disposed towards
conservation. The major findings were;

1) Altitudes towards conservation:

• Viitually all respondenis in 1992 said that wild birds and animals should be
protected and 90% disagreed that "felling forests advanced national development."
The same percentage favored prohibition on tree cutting to proiect forests and
almost all concurred that buming put the physica) environment at grave risk. In
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general, there was evidence that respondents would make sacrifices in their former
lifestyles if they were spared being relocated.

* A similar question was asked in 1996. The following table compares what
household heads believe is haimftil to conservation in the park with what they
said they actually did prior to 1992. The third column representa what the same
respondents feel should be perraitted activities in the park. (Coreand "buffet
zone" were not distinguished in this question.)

Table 2: Conservation Attitudes & Behaviors regarding Park

Community Harmful to Park Did before 1992 Should Permit

Hunt animals

Fishing in coastal zone
Bum
Cut trees

Deforest
Collect firewood
Make charcoal
Conuco agriculture
Plant fruit trees
Maintain cattle
Collect medicinal plants
Tourism — - 82%
— = no available data

In general, most respondents agreed (78%) with the statement that people in their
communities needed education about how to protect nature (20% disagreed).
Pertinent to both conservation and intensification (see #2, below) is the subject of
soil loss and infertility. 58% of respondents felt fanners in the park area needed to
take better care of their soils; 47% felt that before the 1992 removal infertility was
already a problem.

2) Land tenure, size of holding and intensifícation of use:

Almost everyone had some claim to land in the park in 1992, with nearly half dating
back 21 years or more. Average parcel size varied enormously (see below), as did
means of acquisition. Importantly, two-thirds said they were willing to live with
smaller farm pareéis; three quarters indicated that 100 tareas was the minimum
needed in the región for a family to make an adequate living. Reported average size
for all pareéis held (sometimes 5 or more) were;

Table 3: Average Size of Holdings and Means of Acquisition (1992)

Community Ave. Size Purchased Inherited Improved Other

Los Limones
Majagual
Gonzalo
La Altagracia

90% 16%
57% — —

98% — 5%

91% 69% 23%

94% _ 94%
22% 87% 86%
— 15%
38% 97% 72%

6% 97% 98%
56% 53% 6%

61%

1186 tareas 63% 9% 22% 6%
183 tareas 56% 7% 17% 20%
472 tareas 47% 0% 31% 22%

69 tareas 3% 0% 13% 84%



NOTE: INDICATED MEANS OF ACQUISITION DO NOT NECESSARILY APPLY TO ALL
TAREAS; A GIVEN FAMILY MAY HAVE SECURED ITS LANDS THROUGH ONB OR
MORETECHNIQUES.

*By 1996, many family heads interviewed said they had no holdings. Somewhat
surprisingly, this applied to 16% of those on lAD resettlements (perhaps they took
the question to mean lands beyond the resettiement), to 19% of those in
nonrelocated communities, and to 31% of those now living in barrios. Almost half
(46%)of those who lefi the park area on their own claimedno holdings, raising the
possibility that lack of (or precarious) holdings may have propelled them to leave.

Not only did farailies lose in terms of quantity, but aiso in terms of quality. 75%
indicated the quality of the land they now worked was worse than that worked
before 1992 and, with the exception of those on lAD resettiement projects,
majorities in each community group repoited feeling less secure about their tenure.

Table 4: Average Size of Holdings and Means of Acquisition (1996)

Community Ave. Size Purchased Inherited Improved Other

Resettlements 45% 5% 47% 6%

Park Communities 49% 8% 27% 16%

Self-Relocated 42% 9% 41% 9%

Barrios 36% 3% 56% 5%

NOTE: INDICATED MEANS OF ACQUISITION DO NOT NECESSARILY APPLY TO ALL
TAREAS; A GIVEN FAME,Y MAY HAVE SECURED ITS LANDS THROUGH ONE OR
MORETECHNIQUES.

Finally, there is the question of what form of ownership is best for conservation of
the park. In 1996 respondents felt that conservation would be maximized if park
lands pertained to communities (51%), whereas another 26% said this would
happen if the land was held by the govemment. Only 19% though private
ownership would yield such an outcome.

3) The importance of water resources:

• The majority made a strong connection between ongoing forest cover in the
región and adequate rainfall for farming. When asked what services were essential
in new relocation centers, water exceeded everything else (see #10, below).

* Homes in resettiement projects differ markedly from all other homes in terms of
water availabüity. 65% of the former enjoy water in the house compared, ^ the
other extreme, to only 1% among those legally remaining in the park (e.g., in Los
Limones, Majagual and El Cristal). In these latter communities, half the household
water came from a river or a well, that is, from the surface or ground water, When
asked the principal problem in their communities, one in five said "water" (this was
second only to the problems associated with the govemment removal of 1992, and
ranked more important that lack of employment, services or land scarcity).

4) Park boundary confusión;



• Three fourths of respondents said they had never visited the national park even
though, on other questions, they seemed more certain of carrying on daily activities
in PNLH.

* In 1996, respondents were asked if it was difficult to know where they were in
relation to park before the 1992 removal. Less than one in five said it was easy,
whereas 70% said it was difficult. After the removal, 82% said it was now more
easy to know where the park was (referring, in this case, to the park's core area).
Interestingly, those who wish to use the karst topography as a "natural" park
boundary (49%) was roughly equal lo those who did not (47%).

Household heads were asked if the core and "buffer zone" of the park should be
altered. Their responses, arranged by the community lype in which they lived,
were:

Table 5: Altitudes towards Expanding/Reducing Park Dimensions

Core Zone "Buffer Zone"
Community Reduce Expand Reduce Expand

Resettlements 46% 16% 46% 36%
Park Communities 61% 8% 24% 60%
Self-Relocated 55% 9% 11% 73%

Barrios 44% 26% 7% 75%

5) Possession of cattle after the 1992 cattie removal:

• Roughly half the households surveyed had no cattle before 1992.

• After the govemment removal, only 16% of households claimed to have cattle
and the numbers of livestock in these cases were usually one or several.

6) Dependency on park natural resources:

• Area residents depend on the park for land, fuel wood, water, subsistence and
commercial crops and 90% spend up to 20 days per month in the park. 94% of
men and 86% of workmen respondents said that, among other things they
would do to remain in the (then-labeled) buffer zone, was complete
reforestation (see #3 above). Commercial versus subsistence fanning pattems
varied greatly by community, as did soils;

Table 6: Subsistence Needs and Related Soil Quality in Park

CROPS SdLQUALTTY
Conununity "Soid most" "Consumed most "_"Good" "Mediocre" "Bad"

Los Limones 63% 11% 65% 35% 0%
Majagual 33% 25% 58% 33% 9%
Gonzalo 47% 6% 47% 42% 11%

No data gathered in 1996.



7) Complaints associated with resettlement:

• Almost all people interviewed (95%) expecled that relocation would undermine
their communities and 93% felt they would be worse off personally when moved.

* 92% of the those interviewed in 1996 felt that their families had suffered
severely as a result of the 1992 removal; those respondents from non-relocated
communities remaining in the park felt the same (89%), suggesting that many
traumas accompanied die 1992 intervention and subsequent policies, such as loss of
in-park farming and grazing privileges, loss of livelihood and friends, loss of
services, etc. When residents were asked to compare their overall welfare now
with that prior to 1992, they responded as follows, indicating a precipitous fall in
their life chances and quality of life:

Tabla 7: Overall Welfare Compared, Pre-1992 and 1996

Community "Better than pre-1992" "Same as before" "Worse than pre-1992"

Resettlements 10% 3% 85%
Park Communities 4% 1% 95%
Self-Relocated 4% 1% 96%
Barrios 2% 2% 95%

Even though the Dominican Ley de Mejoras acknowledges improvementsas a
source of tenure, and therefore worthy of compensation in cases of govemment
confiscation, only 3% of those interviewed claim to have received compensation.
In contrast, over 90% had received food rations of some kind since 1992.

8) Future control of the park:

• Given the choice between FORESTA, large land owners and their own
community leaders, 75% said they would rather rely on their communities (and
two-thirds indicated that communities were moslly responsible for their own well-
being to date).

* In 1996, 72% said, when asked who could best control PNLH, their own
communities. 23% thought FORESTA would do it best. This response, coupled
with #2, above, open the possibility that community ownership or control of
parklands is foremost on Üie minds of local inhabitants. It also opens the
possibility for co-management of the parks as an acceptable solution to its planning
and protection.

9) Community service needs:

• Respondents, asked what services were essential if they were relocated, ranked
drinking water (87%), electricity (81%),a health clinic (75%), a school (54%), and
achurch (19%).

* Services were not stressed in questions posed in 1996.



10) Standard of livíng and employment:

• Housing for most respondents was rudimentary at besl. Homes lacked
electricity in 3 of the communities and other services, though almost all
residents in Majagual and Los Limones felt they were better off than in the
communities where they had formerly lived. Living conditions inLaAlta^acia, the
first of the resettJement experiments, were desperate and may have prejudiced other
park residents against resettiement efforts to follow.

* Electrical appliances continued to be scarce in the Los Haitises communities
except where run from car batteries (e.g., televisions), whereas gas stoves were in
over half of all households and in 3/4's of resettiement homes (though gas supplies
were infrequent). Principal employment was ina^culture across communities, but
those respondents living in barrios or other new sites of their own choosing show
strong signs of fmding principal work in other occupations (38% and 33%,
respectively). Unemployment overall remains low (7%), although park uncertainty
has translated into employment uncertainty, and agriculture/cattle raisingaccount for
only a slight majority of family eamings, as shown below:

Table 8: % of Total Family Income from Agriculture/Cattle Raising

% lAD Resettiement Park Communities Self-Relocated Barrio

Majority 51% 54% 63% 53%
Less than 1/2 11% 17% 13% 23%

Very Little 29% 25% 16% 21%

None 8% 4% 7% 2%

11) Reforestation:

• Two questions directly addressed the crucial issue of reforestation. 96%
reported that they had been legally permitted to plant fruit trees in the park before
1992 and 94% of al! men said they would help reforest the "buffer zone" as a
condition for being allowed not to relocate (86% of women answered the same).

* Since 1996 the Dominican Govemment initiated a national level reforestation plan
called "Quiqueya Verde." Of interest is to what extent there is public support for
additional tree planting within the park. Some 44% agreed that more trees should
be planted, whereas 55% felt there were enough trees in the park. Note that when a
similar quesiion was asked but in specific reference to fruit trees, 98% of
respondents felt such activities should be permitted in the park (see #1, above).

12) Yautía production:

• When asked what things they would sacrifice to continué living in their homes
within the park, 61 % of men (and 41% of women) said they would give up yautia
production (in 1992, yautia was widely considered the chief motivation for slash
and bum agriculture, see for example AECI, 1991).

in



* In 1996, no questions were asked directly about yautía. Respondents did
describe, however, the disadvantages of slash-and-bum agriculture. Whereas
35% of all respondents noted that it abused the soil and reduced the organic layers
on the soil suiface, and equal proportion said it caused no problems. Importantly,
it was those respondents dwelling inpark communities not required to relocate th^
disagree most with this perspective. Here, 45% said it damaged the soil and only
27% defended he position that it caused no problem (or they weren't sure).

II-c. Adaptive Planning

It has been said, quite correctly, that one of the superhuman feats of modem times
was placing a man on the moon. It has also been said that such a feat would not have been
accomplished through traditional planning wherein one set of calculations was made and
the rocket carrying íie astronauts was fired from earth. Instead, thousands of adjustments
were made along Üie flight path to keep the projectile in line with the target. The wise way
to deal with múltiple unknown factors is to plan not to succeed all at once, but to adjust so
that "success" is ultimately attainable. It is not an exaggeration to suggest that managing a
complicated ecosystem, with many subtleties, unknowns and constantly changing factors
(both human and nonhuman) may be as imposing a task as achieving the first moon walk.

This principie of adaptive planning gained recognition in recent years thanks to
Hollings (1985) and numerous subsequent contributors (see Geisler, 1993). Their insight
went beyond mere planning to the more embracing notion of management. Adaptive
management, in their terms, is more than planning. It is a process of on-going, collective
leaming which defines human behaviors/policies appropriate to a protected area but remains
alert to the on-going possibility of changing those behaviors/policies based on what has
been leamed. The leaming is not a random event or, for the most part, unintended. Rather
is the result of experiments which are planned and executed to consciously test policies to
make sure they serve their intended parpóse.

Adaptive management differs from planning, then, in a fundamental way. Planners
set goals and either accomplish them or "fail" to accomplish them. Adaptive management
planners set goals and then design practical experiments which provide information not
previously available. These experiments are an on-going form of public education about
how to attain planning goals or how to modify to goals if experimentation indicates they
might be unattainable. Change in public policy, if it occurs, happens for systematic
reasons, then, which all can observe and evalúate, rather than for political or more random
reasons. Plaiming is not abandoned, but rather recalibrated into shorter time horizons.

Several examples of adaptive management are already evident in or near PNLH,
and some are more intentional than others. Consider the use of land reform and
resettlemeni to absorb families displaced by govemment efforts to retum the park to its
natural condition. In the late 1980s, the E)ominican land reform agency (lAD) provided
mdimentary land and shelter for some 50 families near Batey Altagracia. That resettlement
"experiment" (it lacked a carefully preparedcontrol group) was fraught with problems-soil
and water that were contaminated with pesticides, minimal technical assistance to
parceleros, little follow-through when it carne to completing housing, and virtually no
services, to ñame but a few (Hughett, 1993). By 1995 there had been extensivo tumover
among farmers at Altagracia, suggesting that conditions there were perhaps no better than
the risks taken in the park itself to which many of its land recipients retumed. Comell-



ICDP survey work of Altagraciaresidents senta waming: Altagracia residents viewed their
living conditions with great skeplicism and disapproval (Duarte, Lizardo and Stycos,
1993). Compared to the Aglipo resettlements to the northwest of the Park, Altagracia was
a half-hearted effort.

The Dominican Govemment managed the future round of PNLH resettiement
adaptively. Important lessons were leamed from Altagracia and made evident in
subsequent resettiement projects it established around the park. Though serious problems
have plagued them operationally (lack of water, fertile soils, electricity, dependable
services), and they seem endlessly delayed in their completion, they remain a great
improvement over Altagracia. Where Altagracia barely accommodated 50 families, today
the number resettled on lAD asentamientos near the park numbers approaches 2,500 and
the quality of life therein is vastly improved over their predecessor. Despite many changes
and reforms awaiting attention, lAD periodically takes stock of its field experiences and
experiments withnew possibilities. We havebeen pleased to see lAD's recent interest and
st¿ftraining in various sustainable agricultura] techniques, ¡nformation that is desperately
needed by its resettled clientele.

A second instance of adaptive management in process is the shifi throughout the
región from extensive to intensive agriculture. As we note above in discussing the
circuitous route by which we arrived ai our current collaboration in mulch-based agriculture
(Activity 5.2.4), Comell and its counterparts experimented, revised, and adapted its
farming emphasis numerous times. What started as eco-conuco projects heavily dependent
on organic agriculture principies has evolved into eco-conuco emphasis integrating a
diverse mix of subsistence/commercial cultivation strategies. Some of these are organic,
others are less so. Farmers are more apt to lay aside slash-bum farming now that working
(and still experimental) altematives exist on over 50 farms in and near Zone III. More
important ihan the tecímiques adopted by farmers is the collaborative leaming process and
farmer-driven experimentation with new plant material, land use practices, cover crops, soil
conservation practices, intercropping opportunities and exchange of ideas that has occurred
in local training sessions, ferias and memorias. It is a process that has Just begun.

A third example of adaptive management is our step-by-step employment of GIS.
Today, as indicated above, we can look at múltiple boundary configurations of the entire
park and spark constructive thinking by diverse audiences with different views on where
the boundaries should be. Or we can examine the coincidence of population clustering in
towns or parajes in relation to soil units distributed across our GIS soils map of the karstic
area for the years before the govemment removal of park-based families in 1992 or for the
period after this action. This GIS system took years to construct and was a gradual process
of collaboration and experimentation between DIRENA, the Instituto Cartográfico Militar,
UNPHU, Comell and others. The layers of information which can now be manipulated to
tender knowledge never before available carne from many individual contributions by
agencies, technicians and researchers.

An example of this adaptive management process using GIS is seen in Maps 7 and
8. These maps show total population and population change from 1981 to 1993 at the
paraje level with respect to the Park. Although the outer boundaries of the park have
moved severa! times in recent years. there has been a high degree of certainty that a core
area (Zone I) measuring at least 208 km2 would occur along the coast. Map 7 suggests
that, either volunlarily orunder threat of eviction, families tended to vacate Zone I (except
for near Sabana de la Mar and Valle on the east) in this period, whereas the parajes
forming the outer border of Zone III grew. Since until 1996 many of the latter parajes
were in fact outside the Park, we can assume that relocating families viewed them as a safe
place to settle until the park boundary issue was resolved. Note that when the Park
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(especially Zone HI) expanded again in 1997, it "captured" these growth parajes and made
them subjects of whatever laws are applied to PNLH (unless there is adjustment in the
outerboundary). HadZone ni been somewhat smaller, as many anticipated, the people in
the dark blue parajes would have well positioned to re-enter Zone III when the
Govemment judged it was legal to do so. The broken ring of dark blue parajes represents
a holding position by former Park residenis, many of them are living in temporary
dwellings or with relatives until final boundaries become manifest. Map 9 strongly
suggests a housing crisis in the región, probably driven by the park relocation. One sees
population increase (Map 8) far inexcess ofhousehold increase (Map 9), reminding policy
makers how eager those families on the DNP Census are to possess land and housing
either in Zone DI or on an lAD resettlement.

Maps 7 through 9 illustrate the continuing appearance of new information, some
moreexperimental andscience-based than others, which can andshould influence planning
decisions. The long-term success of PNLH depends on planning, particularly adaptive
planning. It's fate cannot be left to chance, to random ma^et forces, or to spontaneous
political decisions. Indeed, these are the very forces which led to the region's
deforestation, migratory agriculture, and indefinile boundaries in the past. Ñor should it
necessarily be assumed thai good planning, as the quote at the beginning of this section
indicates, is necessarily found in traditional management plans with long time horizons.
Good operational planning means adaptive management, or, as we have emphasized
earlier, adaptive co-management.

III. Lessons from Other Protected Areas

Introduction:

The following annotated selections were chosen from the published and non-
published literature onprotected area management, with a primary focus on literature from
or about the Latin American and Caribbean regions. They include books, articles and
diverse non-govemmental unpublished documents such as protected area management
plans and masterplans, as well as workshop discussions. Four topics were of paramount
interest in this search effort because of their immediate relevance to management of Los
Haitises National Park in the Dominican Republic. These topics are listed below with a
brief explanation of what we mean by each one;

1. Boundaries and zoning, and particularly buffer zones
2. Participation and co-management
3. Regulation of use of land and resources
4. Land allocation and reallocation inside boundaries

Buffer zones are conceptualized in the literature in diverse ways which can be
confusing. Some see 'buffering' as a funciion that occurs outside of park boundaries to
ease the transition between a protected area and areas of more intensivo human activity
(Sayer, 1991; UNEP, 1990). Other sources view them as borders between zones within a
protected area and refer to them as in buffer strips and transition zones (Miller, 1982).
Still other plans include a "buffer zone" which is generally an areaof some form of human
activity, as differentiated from a "core" zone whereconservation is prioritized and activities
heavily restricted. This use of "buffer" zone is most commonly associated with biosphere
reserves and is considered a zone unto itself (Miller, 1982). In the 1994 lUCN Guidelines
for Protected Area Management Categories, the entiie conceptual construct of parks and
protectedareas is redesigned and redefined. This publication transformed buffer zones into
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sepárate areas of conservaiion. Even more recently, the liierature considers "buffer zones"
as outdated or of little use (WWF, 1997), either because the authors believed development
activities therein were failing, they were succeeding bul should be phased out of protected
arca plans, or because definitions of zones and permitted activities therein were thought to
be confusing.

With regard to "participation." virtually all of the plans and programs reviewed
made mention of the need for community awareness and involvement in protected area
planning, management and regulation, with varying degrees of involvement depending on
the phase of planning and management. Yet, as mentioned in McNeely (1993), there is
little actual literature documenting the record of co-management. The motives for
promoting participation ranged from environmental education (to "conscientisize" and get
communities to comply with protected area rules) to actual participation in design,
implementation, and ongoing monitoring (White, 1994; Renard, 1994). The forms and
methods of participation range from surveys of local peoples' attitudes, "participatory
mapping" (Conservation Intemational, 1997) to interviewing people about traditional
management techniques, and engaging communities in in-depth discussions about
conservation and development (e.g. "villagedialogues", Messerschmidt, 1985). Still other
meanings extend to hiring community researchers and managers, and to inviting
communities to select representatives on advisory councils (Renard, 1994; Geoghegan,
1994) withvarying degrees of power in selecting management options.

There is little consensus as to what true "comanagement" includes, but it clearly
involves actual management in some form by local communities or non-govemmental
agencies in conjunction with govemments, whousually -- but not always (see Geoghegan,
1994 and Renard, 1994, and Mamirauá, 1996) -- are responsible for the regulation and
enforcement side of activities (see ProAmbi, 1996). Renard (1994) discusses an ambitious
"co-managed" effort in St. Lucia with communities, NGOs, universities and govemment
all taking part in planning for conservation and development activities. As with
participation, comanagment is not a standardized concept (Pimbert and Pretty, 1995), and
many authors cite the fact that most protected area staff are not trained in methods of
involving local communities, and many national policies discourage effective local
participation (Poff, 1996; Renard, 1994; S. Miller, 1995; Richards, 1996). Pimbert and
Pretty (1995) see the new emphasis on experts and GIS as excluding local knowledge.
Collaborative management and adaptive management at the local level are defined and
discussed in several pieces (Renard, 1994; White, 1994; Fisher, 1995; Geoghegan, 1994;
WWF, 1997).

There is some evidence of a counter-trend in some conservationist circles against
ongoing involvement of local communities in protected areas and against most income-
generating activities in buffer zones. Rather than stating outright that communities should
be excluded entirely from consideration, supporters of this view mention the need to be
careful aboutdesigning overly ambitious or 'misguided' development plans which actually
divert attention from and potentially damageconservation goals (WWF, 1997; Bayley et al,
1991; Kramer et al, 1997). Kramer et al (1997) represent the retum-to-preservationist
emphasis predicatedon the many failures of involving local people in conservation efforts.
In practice, there are many differing levels of 'intervention' outlined in protected arcas
management plans, ranging from community education to actual development of income-
generating activities and, sustainable altematives to relieve pressure on the resource base.
Poff (1996) outlines a visión of peoples' participation which emerges from the 1992 World
Parks Congress and other sources that retain an emphasis on the essential role of local
people and protected arcas. Participation advócales often cite the dangers of failed
development projects and the difficulties of unprepared staff and unfriendly policy
environments.



Most of the literature searched does noi discuss relocation and reallocation jssiJ.e.s,
but only restriction ofuse within protected areas cr development projects with communities
and individuáis within protected areas. Participatory zoning is discussed in the Mamirauá
Management Plan (Sociedade Civil Mamirauá, 1996). Many authors cite the need for
improved coordination belween govemment sectors and ministries with regards to
protected areas (Geoghegan, 1994; Poff, 1996), and increased coordination with the
agrarian sectors ofgovemment could improve land allocation issues related to and relieving
pressure on protected areas. (See ComeH's December GEF report for further treatraent of
this issue).

The Many MJeanlngs of Management Plannning

The "management plans" for different protected areas follow no single format, and
range from the very general (brief outlines of goals) to the very specific (month-by-month
activities tobe accomplished). "Master plans" are a popular format. They outline overall
planning, objectives, goals and principies as well as zoning and activity targets (e.g. OTS,
1991; Fundación Charles Darwin, 1992; Fundación Defensores de la Naturaleza, 1992).
These activities are sometimes referred to as "Annual Operating Plans." There are also
"Management programs" such as in the biosphere reserve in México (Instituto Nacional de
Ecología, 1995), with specific management plans according to species, resource, or activity
planned. And some documenta discuss a "Management Strategy" and then have a
"Management Plan," suchas in theParks in Perii program document on La Paya National
Park in Colombia (Nature Conservancy, 1991). One of the weaknesses in many of the
"plans" is that they do not include information on activities carried out previous to Üie plan,
or evaluation/analysis of how things are expected to tum out following implementation;
they are merely statements of intent without much before-and-after context for thereader.

Many authors cite theneed for betterpolicy environments for management planning
(McNeely and Thorsell, 1991; Pimbert and Pretty, 1995; Renard, 1994; Richards, 1996;
White et al, 1994; ) including national protected area systems (lUCN, 1994; McNeely,
1993), national biodiversity planning (MillerandLanou, 1995), and better training of staff
to work with communities and development (Torres Angeles, 1992; S. Miller, 1995).
Numerous authors cite the difficulty of having diverse govemment sectors not
communicating or cooperating (particularly parks, agriculture, forest, wildlife, and
planning divisions). These authors also cite problems in the policy context as it relates to
protected areas, ranging from limited funding and lack of govemment will to implement
policies on the books (Richards, 1996; Pimbert and Pretty, 1995), to a lack of mechanisms
to allow govemment sectors to work together. Other problems include lack of policies
which include local people in planning and managing protected areas, and national
economic policies which encourage poor land use practices or which cause migration of
poor people to protected fragüe land and resource areas.

In the end, what role can protected areas play in local and regional or national
development (Poff, 1996)? The view of many of the authors is olear. Include protected
areas in national plans for conservation with development by improving co-management
efforts between local communities, NGOs and govemments. Universities, both foreign
and domestic, can be facilitators of this process (Geoghegan, 1994; Poff, 1996), or
"experts" who reverse the top-down approach to conservation planning and management
(Poff, 1996), or providers of knowledge, research suggestions and certain kinds of
technical/extension assistance.
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BOOKS AND ARTICLES:

1. Fisher, R.J. 1995. Collaborative Management of Forests for
Conservation and Development Issues in Forest Conservation Series.
Switzerland:IUCN/WWF.

Summary: Fisher differentiaíes between "co-management of protecied areas" and
"collaborativeforest management" on state land apart from protected areas. The emphasis
on cases reviewed is Asian, especially Nepal and India although there is mention of cases
in other parts of the world. Fisher reminds us of the many issues in collaborative resource
management such as the role of ngo's, equity and gender, the divereity of local groups and
institutions, land tenure issues in conservation and development, the role of govemment as
policeman and as community developer, etc. Buffer zones mentioned and portrayed as
potentially problematic due to increased pressure on thoseareaswhere pressure wouldhave
been spread outpreviously. This is essentially an overview piecewith no new information
or analysis.

2. Furze, Brian, Terry de Lacy and Jim Birckhead. 1996. Culture.
Conservation and Biodiversitv. ChichesterrWiley and Sons.

Summary: This volume is mainly concemed with culturally-sensitive local
development and conservation initiatives and has a useful section on the use of social
sciences for informing principies and processes of community consultation. The last
section of the book deals with local level management of resources and has many useful
examples of co-management and biosphere reserves. While drawing heavily on Sayer's
(see Sayer, 1991) discussion of buffer zones, the biosphere reserve examples give a good
level of detall of management anangements and zones. For example, in one biosphere
reserve, the "core" zone was renamed the "conservation zone" and tiie "buffer" zone has
two "maintenance" zones. Maintenance zone A allowed for minimal access, for
preservation of flora and fauna, while Maintenance zone B allowed for limited
development. Then the "transition" zone which allowed for more permissive levels of
development was renamed the "development" zone. This zone is used as a model for
sustainable economic activities, based on the use of environmental knowledge gained from
the other zones.

3. Geoghegan, Tighe and Valerie Barzetti, (eds.) 1994. Protected
Areas and Community Management. in series Community and the
Environment: Lessons from the Caribbean. No. 1. St. Lucia:Panos
Institute and CANARI.

Summary: This booklet contains four brief case studies from Carribbean island
communities, three of which are summarized here: The first case tells how a local NGO in
St. Vincent instituted a multi-faceted consciousness-raising campaign, including popular
theater. Freirían educational techniques, primary and secondary education and adult
education programs regarding the need for preserving a 200-year oíd forest reserve. In
addition, literacy, employment creation, personal and community development and
resource management training programs were instituted. Some village members
participated in collecting household data on the importance of the reserve. Otiier
communitites instituted watchdog groups to protect the reserve. Self-help infrastructure
improvement projects were also undertaken such as creating a community center, a water
system, a solid waste management program and road improvement, since part of the
pressure on the reserve was due to the need to exploit forest resources following an
unemployment crisis in the early 1970$. The second case is in Jamaica, in the Blue
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Mountain/John Crow MountainNational Park. A large project with funding from USAID,
the Govt. of Jamaica, and technicaJ assistance from the Nature Conservancy, is pan of a
national project including a protected arcas system plan, a national Conservation Data
Center, a Trust Fund for the national parks, and creation of national parks legislation. A
four-part strategy for the Park will be implemented by LACs, or Local Advisory
Committees in the major communities in and around the park. LACs are volunt^
committees formed by farmers, teachers, young people and other community organization
leaders, and the meetings are often attended by representatives from govemment agencies.
The strategy includes early involvement of communities in designing park goals; conflict
resolution; community strengthening of organizational capabilities; and the securing of
practical economic benefits including sustainable incomegenerating projects. A community
outreach program is also part of the larger project, with environmental education,
educational audio-visual packages, radio and televisión public relations and brochures.
Communities around the park particípate in a buffet zone function acting as "watch dogs"
for the park's resources. The third case relates St, Lucia's efforts to institute a national
System of Protected Areas, a participatory planning process which legally institutionalized
participation of local communities in selecting and managing protected areas. The National
Tmst (a govemmental agency) and a regional NGO, CANARI, put together 20 public
workshops to invite communities to participate in the process of setting up a co-managed
national protected areas system. Management responsibility will be transfered to local
organizations, and provisions in the National Trust Act will require local consultation in
park planning and management. AJI of the above case studies are extremely brief but
indícate innovative methods and goals.

4. Harrison, Jeremy. 1992. "Protected Area Management Guidelines.'
in Parks (lUCNJ. Vol. 3 (2). October.

Summary: This extremely summarized document informs that 15 guideline
documents have been proposed to be developed and disseminated based on the World
Parks Congress. They are Usted here and include "involving local people in prot»:ted area
management." "the preparation of protected area systems plans," and "integrating
demographic variables in the planning and management of protected areas" among others.
In addition, 9 guidelines are summarized which are results of a conference on tourism
which are relevant only to transnational border-area parks.

5. lUCN. 1994. Guidelines for Protected Area Management
Categories. Gland, SwitzerIand:IUCN.

Summary: This is a tiilingual publication. The Guidelines were affirmed by
Recommendation 17 of the 1992 IVth World Congress on National Parks and Protected
Areas at Caracas. Venezuela and the present volume is the revised result. Definition of a
protected area: "An area of land and/or sea especially dedicated to the protection and
maintenance of biological diversity, and of natural and associated cultural resources, and
managed through legal or other effective means." The ten categories of protected areas
Usted by the 1978 world congress were rewritten to be only six and to be defined by
management objective, recognizing that different countries have different labels for
protected areas. The categories are defined and a number of examples are given
intemationally of where different protected areas would fall within the new classification
system (four examples are from Latin América). The new system represents a gradation of
human intervention and defines "primary, secondary and potentially applicable"
management objectives. Management categories should be selected based not on the

27



efficacy of management practices but on the management objective originaJIy implied in the
legal creation of the Protected Area.
The new cateeories are:
I —Strict Protection
n - Ecosystem Conservation and Recreaüon (formerly National Parks)
m - Conservation of Natural Features
rv ~ Conservation through active management
V ~ Landscape/seascape conservation and recreation
VI - Sustainable use of natural ecosystems
The management objectives are:
—scientific research
—wildemess protection
—preservation of species and genetic diversity
-maintenance of environmental services
"protection of specific natural/cultural features
--tourism and recreation
--education

--sustainable use of resources from natural ecosystems
-maintenance of cultural/traditional attributes

Under the new system, it is not clear whether Los Haitises would be a "National
Park" (category 2) or actuallya combination of categories 4 and 5; although countries may
have their own ñames for protected areasbut these areas would be classified intemationally
with the new system. Mentioned is the fact that 84 percent of national parks in South
América have significant resident human populations, and according to the document
"some of these might be more appropriately placed in another category."

Recommendations regarding buffer zones: At least 3/4 of the area should be
managed for the primary purpose; and, "...where one area is used to "buffer" or surround
another, both their categories should be separately identified or recorded."

6. Kramer, Randall, Carel van Schaik and Julie Johnson, (eds.) 1997.
Last Stand: Protected Areas and the Defense of Tropical Biodiversitv. New
York/Oxford: Oxford Universíty Press.

Summary: A collection of papers from a 1993 Duke University workshop
I discussing biodiversity and protected areas in the tropics, indicative of the conservation
] biology "backlash" against managed use of protected areas. The editors begin by noting

that in the history of the "park movement in the tropics," "what began as protection of
1 habitat through the exclusión of people has transformed into sustainable use of biological
1 resources. This new emphasis provides local control of important resources and greater
' income, but does it conserve habitat and species?" They argüe for a "renewed focus on

protected areas as the primary storehouse of biodiversity." The authors argiie that
I particularly for tropical rainforests, high diversity means species rarity and slow species life
J histories, making species in this ecosystem especially vulnerable to human intervention,

They argüe that "the upshot of (the) new emphasis on sustainability rather than protection
[ has been a reduced commitment to protected areas." They also cite the change in view of
J the role ofparks and aheightened interest in the plight ofindigenous people as contributing

to the problem. Note the short history of the idea of use in protected areas (p. 5) and the
1 percentages of community development projects in conservation initiaties (p.6), The

authors state that the "compromise" of projects improving socioeconomic status of people
in or near protected areas "in which buffer zones adjacent to protected areas are created for
limited extractive and productive uses, have largely failed to maintain the integrity of the

1 protected cores, although some have succeeded in improving the livelihood of the local
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people." In sum, state the authors, "Locally...lhere is a conflict between conservation and
development."

Other chapters of particular intcrestdiscuss social threats and root causes of threats
to proiected areas (ch.4), a chapter on compensation to locáis (ch. 9), user rights (7), and
ICDP successes and failures (5).

In chapter 5, Brandon states that "the entire concept of sustainable use has been
based on the ecological fallacy andon utopian thinkíng" and that "intemational conservation
organizations have gone a long way toward promoting the myth that development and the
conservation of biodiversity are compatible." She identifies obstacies to devolution of
management to local communities. (pp. 101-103). She defines Parks, ICDPs and "locally
managed reserves" as three conceptually distinct types of protected area. Brandon notes
that "there are virtually no examples where buffer zones have achieved their goals."

There are few case studies in detail hete for our purposes, but most useful to note is
the tone and message of the book: hearty skepticism of the concept of conservation and
development being con^atible in protected areas, particularly for the end of conserving
biodiversity.

7. McNeely, Jeff and Jim Thorsell. 1991. "Guidelínes for Preparing
Protected Area System Plans." in Parks (lUCNi. Vol. 2(2), July.

Summary: "Protected Area System Plans" are proposed, as a prelude to a
workshop in the 1992 Parks Congress. Recommends creation of a national protected area
system plan for each country, which "relates protected areas to national conservation
objectives, social and economic development, the needs of modem society and the health of
the rural landscape," as a means to eaming public support for protected areas. Many
countries, including Brazil, Chile, Costa Rica and Perú (and others on other continents)
have plans for national systems and regional system reviews have been prepared for lUCN
for Tropical Asia, Oceania, and Sub-Saharan Africa. Recommends a debate, with a
"broad cross-section of society," on national objectives for the protected area system,
resulting in establishing specific objective for each protected area, and assignation of a
management category, recognized in national legislation, for each protected area.
Recommends developing a system for identifying priorities for improving Üie management
of protected areas in the system. The protected areas should be part of a coherent national
land use policy since most threats to the protected area system origínate outside the
protected area boundaries. Sees protected areas as part of regional landscapes. Buffer
zones are recommended. Recommends using the system planning process to build
collaboration with other sectors such as forestry, fisheries, agriculture, energy, tourism,
research, etc. Recommends identifying necessary changes in legislation and administrative
structures for protected areas including "measures to give local people increased
responsibility for contributing to protected management." In additional to planning the
protected area system, there should be mechanisms for reviewing progress and modifying
the plan, as part of the management process.

This piece is an overview piece with little more detail than offered here. There is a
table on page 8 of a sample "table of contents" of a Protected Area System Plan. Of
intermedíate relevance to our objectives.
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8. McNeely, Jeffrey A. (ed.) 1993. Parks for Life; Report of the IVth
World Conyress on National Parks and Protected Areas. 10-21 Februarv
1992. Caracas. Venezuela. lUCN, Gland, Switzerland.

Summary; The document contains 23 one-page recommendations stemming from
the 49 workshops of the Congress. Workshop summaries and conclusions are the
remainder of the publication, approx. 1-2 each. An "Action Plan" is outlined which is
something of a témplate, but each country needs it own Action Plan, based on a national
system plan. The "Caracas Declaration" appears and in a main heading states that "the
establishment and effective management of networks of national parks and other areas in
which critica] natural habitats, fauna and flora are protected must have high priority and
must be carried out in a manner sensitive to the needs and concems of local people." The
Introduction and Major Protected Area Issues mention sustainable development as being
contiibuted to by protected areas (as concluded at the Earth Summit), mentioning briefly the
necessity of working in the larger context of sustainable development, the need for regional
planning and the need for inclusión of local people: "Local pattems of land and sea tenure,
income inequities among rural people, denia! of the rights of indigenous peoples to land
and resources, inappropriate interest and exchange rates, inequities in the commodities
trade, and agricultura] subsidies can all have major influences on the success of a protected
area. Such factors can seldom be addressedeffectively by the protected area manager..."

Of particular interest are Recommendation 6: People and Protected Areas;
Recommendation 15: Development Planning and Natural Resource Use; Workshops 1.2,
1.3, 1.4 (economics, people, and community-based resource management); Workshops
in.l (regional planning); ni.9 (buffer zones); and site management workshop IV.4. :
"Each site should have a management plan covering information, evaluation, intention and
actions. A set of policies or objectives (interim plan) should be prepared before the final
plan is written. A plan should be an iterative process —action, monitor, new action to be
followed annually." Plans should be simple, working documents. Buffer zones are
recommended, with conidors joining them, on page 21 in the Action Plan témplate. Also
discussed in some of the workshops.

In the 1992 World Parks Congress, paiticipatory planning and co-management
were mentioned and emphasized in many, indeed the great majority of sessions, as
evidenced by this document. The most frequently mentioned reasoning for doing so is to
gamer support from local communities and to preserve cultural diversity. It was dso noted
Üiat little documentation existed on co-management and the lUCN would try to assemble
such documentation. Recommendations were made to increase govemment commitment to
inclusión and strengthening of ngo's and local communities in planning and management,
as well as training of protected area personnel in participatory techniques. In addition,
inclusión of protected areas into regional economic planning and development is
recommended. Most of the workshop summaries are too superficial to be of much use.

The lUCN calis for govemmental commitment to inclusión of communities. This
implies a national-level commitment, with guidelines; local/regional implementation
guidelines and training; mechanisms for inclusión of communities. There is a generalized
absence of guidelines for participatory planning and co-management for these levels.
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9. Messerchmidt, Donald A. 1985 "Local Participation in Park Resource
Planning andManagement." in People and Protected Areas in the Hindú Kush-Himalava:
Proceedings of the Wcrkshop on theManagement ofNational Parks and Protected Areas in
the Hindú Kush-Himalava. Mav 6-11. 1985. Kalhmandu.

Summaiy; Indigenous management systems reflect longstanding local systems of
social organization and custom. Human resources, in particular "extrinsic cognitive"
resources such as knowledge systems, beliefs, atlitudes and valúes (economic, aesthetic,
and spiritual) are all a part ofour sociocultural resources needed to be preserved and used.
Participation oflocal people occurs in three potential phases, before, during and after park
orprotected area establishment. Conservation education, in a two-way process, is key in
the firsi phase. Participatory procedures that are formal, legalised and elabórate such as in
Westemcountries areoften inappropriate in non-Westem countries. The "village dialogue"
method has beenused successfully in the Himalaya. A planning team is composed of local
villagers, development authorities, and technical people; one goalis for local individuáis or
groups to takeon specifíc management tasks and roles on a long-term basis. A meeting is
held in which villagers and leaders state their needs and in which they examine priorities of
the district and of the nation.

Local advisory groups and management committees or councils can be established.
Cooperatives can be formed for investment in support services necessary for running the
park.

Conflict resolution can be approached through an annual meeting of a forum of
community leaders (villagers, school teachers, and leaders) who meet at park headquarters
to discuss needs of the communities and of the park. Park staff must explain park policy.

This articlepresents this information in a sketchymanner with few details and relies
heavily on referencing the 1984 McNeely volume on National Parks based on the 1982
World Congress, as well as literature on Nepal. (This is the only non-L^n American
literature in the bibliography but was chosen to demónstrate that participation methods have
beendeveloped which are culturally appropriate and culturally specifíc in other regions of
the world.)

10. Miller, Kenton. 1982. Planning National Parks for
Ecodeveionment: Methods and Cases from Latin América. Vols. I and II.
Ann Arbor:Unív. Michigan. (Also available in Spanish).

Summary: This material, largely based on material from the mid-1970's, is a
source for both theory and practical planning and management applications for national
parks in Latin América. It represents an early example in the liter^ure on the need to
address human needs and the necessity of genuinely incorporating local participation in the
planning process of parks, the need for incorporating parks into national plans for
development (and"ecodevelopment"), as well as a comprehensive historical perspective on
parks in Latin América. Numerous examples of Latin American parks and their planning
and activities are given, as well as reprinls of excerpts ofnational plans and intemation^
and regional conventions on parks.

Chapter one provides a conceptual framework for managing wildland resources;
ch2q)ter two provides a comprehensive history of national parks in Latin América; ch^ter
three offcrs a framework for planning national parks including coverage of boundary and
conflict issues; chapterfour traces a history of park planning in Latin América; chapters five
and six offer practical methods for park and national park system planning; chapter seven
discusses strategic implement^ion of park plans and park systems; chapter eight focuses on



development of human and institutional managerial capacity; chapter nine offers some
cross-culturally relevant examples from Africa; and chapters ten through twelve focus on
problems facing national park management in L^in América, intemational programs and
assistance, intemational convenlions and agreements, and strategies for regional and global
cooperation.

Basic steps for planning areoutlined, including selection of an objective, laying out
of various means, calculation of costs and benefits, choice of best means, implementation,
analysis, evaluaíion based on the objective, and replanning. Individual, group and team
planning aredefmed. Different levels of planning are outlined, including overall land-use
plans, systems plans for national park networks, conceptual plans for each park unit, a
management program, and construction, design and detailed plans for each park, including
specific projects. Miller waras against overspecialization within park services and within
theplanning process, sinceihis limits the feedback within planning which should ideally be
multidisciplinary and iterativo. There aresteps fordesigning management and development
programs, training of personnel, andstructure ofprograms and personnel. A management
"concept" is recommended to guide management and development program decisions.

Theconcept of buffet 'zones' is challenged with regard to national parks; instead,
buffering is seen as a funciion, not a zone in itself; buffering establishes a transition from
one land use to another. Miller suggests intemal buffering between zones within a park
(scientific zone, tourism zone, etc.), as well as buffering of the park boundary from
extemal land uses and influences. A park's boundary should follow topographic
formations, should be rounded, and gradients of land use to adjacent lands should be
gradual. Practica! issues such as ease of patrolling should affect boundary decisions, and
care should be taken not to cut across ecotones.

However, buffer zones are considered actual zones when included in a biosphere
reserve concept. The buffer zone would actually be a large area surrounding a core or
natural zone; üie core zone is to be used for baseline studies, while the buffer zone would
bemanagedfor research, education and training activities, as well as limited manipulation
including timber, hunting, fishing, and grazing; other zones include restoration zones, to
reclaim land damaged by human activity, and a stable cultural zone, where managed land
use practices wouldbe allowedthat are not harraful to the environment. Severa! possible
models for biosphere reserves and múltiple use conservation areas are diagrammed.

There is litíle discussion of actual human occupation of national parks and the
conflicts and planning and management diffículties posed by this.

11. Miller, Kenton and Steven M. Lanou. 1995. National Biodiversitv
Planning: Guidelines Based on Earlv Experiences Around the World.
Washington, D.C.; Nairobi; Gland, Switzerland: World Resources
Instítute, United Nations Environment Programme and the World
Conservation Unión (lUCN).

Summary: This is intended in part as a "how-to" manual for govemments with
illustrative examples from around the world, for national biodiversily planning after the
Convention on Biológica! Diversity was signed in 1992. There are three case studies from
Latin América:

The Cfailean National Biodiversity Acüon Plan: A National Commission on
Environment was creaíed in 1990, with a Council Directorate made up of 10 ministries; a
Framework Environmental Law was created in 1994 by Congress to give CONCAMA a



mándate to develop environmental legislation, coordínate govemment environmen^
activities and advise the President. A biodiversity action plan was developed for 1992 with
thehelpof experts from govemmental, university and NGO groups. M^tings were held
in each of the 13 administrative regions of the country to dlscuss the biodiversity action
plan.

The Mexican Country Study on Biodiversity; In 1992 the National Commisssion of
the the Knowledge and Use of Biodiversity (CONABIO) was created. It is a high-level
Ministry commission. Emphasis is on gathering of raw data for the country study, to be
used as baseline information and for planning purposes; there is a segment called "National
C^acity" which includes a section assessing human resource capabililies "including the
indigenous and peasants point of view" (p. 115).

The Costa Rican Country Study on Biodversity: Costa Rica has a National
Conservation Strategy (ECODES) and aForestry Action Plan(PAF) from 1988; a Country
Study on Biodiversity (1992) and a Strategy for the System of National Conservation
Areas (SINAC) (1993). The Ministry of Natural Resources, Energy and Mines was the
lead agency. The SINAC was an "interaal planning process" of the Planning depl. of the
National Parks Service, "providing the technical and fmancial analysis of the management
and capacity needs for biodiversity within the protected areas under the new concept of
decentralized administration and the local community involvement (sic)." (p.l23) Whde
there is no one formal document, there is a de facto National Biodiversity Strategy, wiA
principies in different sectors ofmanagement planning; the creation of INBio is part of this
as is the "evolution of the national protected areas into a landscape-scale system of
"conservation areas." (p.l24).

These are all largely national-level planning strategies intended to coordínate
different public and prívate sector efforts for sustainable development and specifically
protection and potential use of biodiversity resources. While the recommendations for
developing biodiversity strategies seem to include potential for including local community
participation, none of the Latin American plans seemed to do so. In addition, those steps
recommended seem to emphasise "traditional knowledge" and "indigenous peoples
participation," seeming to relegate or delete other local community participation.
Monitoring and evaluation recommendations also include the gathering of information on
human community issues, but do not seem to include any mechanisms which are
participatory in either gathering or use of data. "Management" seems, as elsewhere, to
apply to biotic resources and not to include any participatory concept; meetings are
suggested to inform locáis of how important biodiversity is. What may be useful as
illustration in this book is that it recommends to both gaíher data on and include local
communities in national planning.

12. Miller, Susan. 1995. "Ecological processes and local uses in the
National Park Armando Bermudez, Dominican Republic." In Caribbean
Oeogranhv. 6Í2):112-127.

Summary: This is a condensed versión of research done for the author's master's
thesis. The study focuses on the town of Diferencia, a community that participated in the
Plan Sierra, an ngo plan to change farming systems from shifting to permanent cropping.
Both plant and social data were collected and analyzed with the conclusión that including
the local communities in the decisionmaking regarding technical and use control measures
would be advantageous to conservation efforts. Survey results show local communities
favor increased involvement in decisionmaking but are otherwise hostile to and dislike
(54%) the Park's existence. 69% of local residents utilize the park resources and plants



illegally. Women had much more favorable altitudes towards the park than men. A large
number of respondents suggested changes in buffer zones and clarification oí access rights
in buffer zones. Suggestions were made by local area residents lo increase reforestation
and agricultural intensificaüon outside the Park. Research was done on diversity in coffee
plots and forest plots, with high diversity in "abandoned" coffee plots (retum of natural
forest species plus agricultural species). On a landscape level, there is a fragmented
'protected' forest with high deforestation levels outside the Park, previous deforestation
within the Park, and continued small clearings in z de facto buffer zone in the Park
periphery. It is suggested that agroforestry projects beincreased outside the park, ^d the
Plan Sierra project is a useful model. The role of park guards was particularly cited as
needing reform, to be more amenable and less of a 'vigilante' enforcement group. Several
references in the literature on buffer zones are cited.

13. Pimbert, Michel and Jules Pretty. 1995. Parks. People and
Professionals. Putting "Participation" into Protected Area Management.
UNRISD Discussion Paper 57. Geneva, London and Gland: UNRISD,
IIED and WWF.

^ Summary: This discussion paper asserts that national parks and protected areas
j have not been successful instruments for long-term conservation in developing countries

andthat as currently conceived and implemented, they are often discredited in the eyes of
. local people. Institutional and policy frameworks which support co-management need to
1 be developed in developing countries. The authors argüe for greater diversity, democracy
^ and decentralization in the approach to conservation, and against coerción, control and

centralization. The authors contend that in the post-UNCED era, conservation biologists,
f ecologista and "normal" professionalism have been reconfirmed as the best way to
1 conserve biodiversity on aglobal scale. One of the central messages of UNCED, they say,

is "that the world is to be saved by more and better managerialism." The authors take issue
1 with this position, finding that the lack of inclusión of local people in conservation and

development planning and implementation has an overal! negative effect on conservation,
from encouraging sabotage by locáis to the ignoring of benefits of traditional knowledge
and stewardship. They argüe that rather than "blueprint" managerial approaches which are
non-flexible and do not include local people, a "process" oriented approach is desirable, as
partof a "newprofessionalism" which encourages decentralized decisionmaking. Not only
do they encourage "participation," but also a paradigm shift away from a "positivist-

; rationalist" approach towards one which encourages a new conservation science which
takes into account the dynamism of ecosystems and of man's presence in them. Worsening
economies tend to encourage continued use of the existing conservative conservation

! paradigm. The concept of participation is typologized and the authors assert that only
, "functional participation" (see attached typology) is adequate for inclusión of local
* communities in protected area design, management and evaluation. The authors state that

"policy and technical measures that combine protected area management with socio-
economic development in surrounding "buffer" zones have often tended to be top down,

' centralized, underfunded, and of an ad hoc and short-term nature."

I This paper brings together and references a wide array of recent literature and
j thinking on the issue of involvement of local people in conservation and development in

protected areas. While notdetailed enough to provide recommendations for use of specific
j methods and techniques, itreferences most of the main participatory methods available and
j makes astrong argument, with numerous brief examples from around the world, for their

use.



14. Pye-Sraith, Charlie and Grazia Borrini Feyerabend with Richard
Sandbrook. 1994. The Wealth of Communities: Stories of Success in
Local Environmental Management. London: Earthscan.

Summary: These descriplive examples are not about prctected arcas bul offer
examples of communities and ngos involved in agro-environmental management. See
Chapter summaries on Costa Rica and Ecuador;
Costa Rica: San Miguel Association for Conservation and Development
An NGO called Asociación ANA! gives financia!, technical, scientific and administrative
expertise for communities to work outnon-destructive ways of making a living from CR's
forests. It worked on CR's Caribbean coast with ASACODE: Asociación San Migueleña
de Conservación y Desarollo - which was founded in 1988 by 11 village heads of
household. The association is made up of 20 households and member households
particípate in sustainable selective logging on an artesanal basis. Treesare cut by chainsaw
and all parts are used, meaning more cash in both the short and long run for peasant
landowner members than if they sold trees to logging companies. The association aiso has
a 70-hectarc faim for a native species replanting project partially financed byANAI and the
lUCN. While some biologists were brought in for training campesinos in germination and
replanting, w/ANAIftinds, the focus now is on the association members themselves doing
the research and replanting and technology transfer (bringing in other peasants and
showing them how to plantnativespecies). Ecotourism attempts at the fann have focused
on ngo and academic groups interested in the farm. Village nurseries established in 25
villages by ANAI in the región got community organizing off the ground and helped to
sensitize people about the need for diversification. Key individuáis were identified and
small concrete activities and projectswere initiatedwhich could be successful. ANAI now
gives revolving loan funds. Communities need at least one highly motivated famíly to get
successful initiatives off the ground like ASACODE. ANAI also helped creaíe a regional
association, APPTA, to coordínate buying, processing and marketing of ^cultural and
forestry goods. National laws regarding forests are outdated and based on a time when the
staíe was the owner of forests, where now most are privately owned. Laws favor large
commercial exploitation and disfavorsmall artesanal exploitation. Trees cannot be used as
collateral to raise loans. Permits for tree felling are given only to individuáis making
collective forest management difficult.

Ecuador: Licto and Salinas Communities

The Ecuadorian Center for Agricultura! Services-CESA- is a large ngo supporting peasant
farmers to leam about soil recuperation. Technical advice and tools were offered but only
sparingly and only for traditional methods. Tools (hoes and shovels) and seeds donated to
communities enabled them ~ mostly women ~ to organize a "minga," a traditional form of
collective work, once a week, to perform a wide variety of necessary community work,
and in this case, breakup hard soil and add organic material, eventually to do green mulch
plantings of lentils and oats. and then barley and maize. Communal plots were done first,
and now prívate plots are having mingas for soil recuperation also. CESA also sent
doctors to take care ofchildren and helf^ in the construction of irrigation works. CESA
does not promote its own agenda or promote any new structures, letting communities form
their own groups and agendas; CESA's role is one of stimulating cqmmunities to get
together to discuss issues and needs. // In another (Andean) community. Salinas, the
SÍesian Mission, with a charismatic father, helped develop over 20 years numerous
community projects. first by creating producer cooperatives which were formed for a
cheese factory, a wool-weaving industry, handicraft shops, bakery, mili, charcoal
production, carpentry workshops, pork industry, women's sweater production, fish
ponds, chocolate factory, and more. The cooperatives all together form the Unión de
Oragnizaciones Campesinas de Salinas. The FaAer started by planting trees. The Mission
secured free technical advice, loans, and training fellowships. All profits are reinvested for



the community good rather than being distributed to individuáis who receive only their
salary for their work or pay for goods. Forested areas have been planted by a Youth
Group associated with the Mission and a national forestry company who provided
seedlings, but there have been some difficuliies in managing tiie pine forests, paiticularly
ñnancial to cover tools and skilled labor. Inter-American Foundation provides some
support. In another project, an industrial diesel dryer was bought to dry mushrooms,
collected by anyonewho wishes, mostly the poorest community members, but the loan for
the dryer has yet to be paid back since too many mushrooms are produced for the national
market but not enough for the intemational market. Foreign volunteers are helping to
improve quality and marketing.

15. Renard, Yves 1994 Community Participation in St. Lucia, in series
Community and the Environment; Lessons from the Caribbean. No. 2. St.
Lucia: Panos Instituto and CANARI.

Summaiy: In the early 1980s a regional NGO proposed development of a planning
process and subsequent conservation and development plan for the southeast coastal región
of St. Lucia, encompassing some protected areas and fragüe resource zones, and including
compatible urban and industrial development. A two-year participatory planning process
was undertaken with wide participation of community groups, ngos, govemment agencies,
school groups, and others. An Advisory Committee was formed of these actors and
performed specific consultations and reviews of projects and recommendations.
Community participation (fishermen, other local users, tourism professionals, teachers,
and students) included data gathering, local knowledge use for proposal development,
distribution of research results, and in analysis and formulation of recommendations.
Some projects began implementation before the completion of the overall plan, in order to
maintain the momentum of the participatory approach. The author notes that the "full range
of participatory instruments" was not used, in part because they were only being
discovered during the process and in part because full participation was not always possible
or desirable. The final plan submitted to the Ministry of Planning included a land use plan
with precise zoning, and provided for the growth of tourism, urban and industrial uses,
along with specific projects for each site and resource.

Several case studies are then described which outline implementation activities
including management plans and development activities for a nature reserve, a fishing
community, coUectors of fuelwood in a mangrove area, and harvesters of sea moss.
Communities participated in formulation and enforcement of management plans including
restriction of access to sites, zoning of sites, and harvesting limits and seasons. A number
of development activities were completed with community participation, including creaíion
of a fishing landing, improving marketing facilities, community education regarding
resource use, development of a Local Fisheries Management Authority, development of a
fuelwood plantation, sea urchin management and harvesting, and a seamoss farming
project. Several of these projects then became demonstration projects for other sites in the
región. The author notes Üiat the co-management arrangements for each of the specific
situations (sea urchins, mangroves, fuelwood plantation, reef fisheries, and a nature
reserve) had to be tailored to those circumstances and that there is no one model.

Failures, difñculties and obstacles were seen as part of the leaming process.
Several were identified. First, the transition from participatory planning to participatory
management and actual implementation had to be recognized and fuller responsibility
assumed by the regional NGO, CANARI. In part, this was due to a lack of coordination
among govemment agencies for implementation. In addition, govemment agencies often
resisted the transference of authority and responsibility to local communities for resource



management. Also, while informal structures were adúnate during the participatory
planning phase, formal structures for community responsibility were seen as necessary for
implementation; without formal structures, mobilization was not sustained. Finally, the
entire regional project, including the many varied activities, required a long time period (10
years) and continued ftmding, to leam from its successes and mistakes and to develop
regional and intemational linkages and support. The project areas described will be
incorporated into a new National Park encompassing the entire región of the case studies,
and the activities will be allowed to continué. This park concept is part of Si. Lucia's
recently released national plan for a System ofProtected Areas.

The project's own analysis concluded that 1) it is necessary to formalize the
allocation of responsibilities and expected benefits of each of the paitners in a co-
management regime; 2) users raust be properly organized for their interests to be
represented and respected and to better negotiate management agreements and enforce joint
regulations; 3) there is a reluctance of govemment agencies to permit a formal transfer of
management authority and responsibility to communities; 4) there is a need for inter-
departmental coordination to address resource management and environmental issues; 5)
the usefulness and relevance of community-based management approaches and the use of
popular knowledge of resources in modem management activities can be demonstrated in
the field with thehelp of NGOS, which must have structured activities; 6) co-management
efforts must take into account social and economic factors and promote benefits to local
people with new economic activities, which take into account occupational muMplicity and
the variety ofresource use strategies used bythe social stratum involved, andusers must be
consulted in the selection and design of the new activities.

This document provides a useful overview of an ambitious regional approach to
participatory conservation and development and in particular to múltiple participatory
planning and co-management strategies.

16. Richards, M. 1996. "Protected areas, people and incentives in the
search for sustainable forest conservation in Honduras," in Environmental
Conservation. 23(3):207-217.

Summary: Attitudes and incentives of people living around protected areas are
widely consideré to constrain successful management of diese areas. Two contrasting
protected areas in Honduras, a Biosphere Reserve of high biodiversity rain forest, and a
cloud forest providing essential environmental services to the c^ital city, are analyzed in
terms of their management problems and the strategies used for their protection. The
response at national level to the issues raised in these case studies is then assessed,
focusing on the impact ofgovemment policies, legal changes affecting land tenure and use,
and the role of state institutions in protected area management. The case studies indicaíe
that while the non-govemment organizations (NGOs) have tried to promote a more
participatory approach to conservation (with mixed success), the govemment has tried to
follow a more regulatory approach but without theresources andpolitical will to implement
it effectively. Opportunities toprovide positive incentives for protection have been missed.
The participatory approach has also been complicated by policies and land legislation which
have sent out negative or ambiguous signáis to local communities. Above all, the case
studies show how critical local attitudes are to the achievement of conservation objectives,
and demónstrate the need forpositive economic incentives. (From author's summary).



17. Sayer, Jeffrey. 1991. Rainforest Buffer Zones. GIand:IUCN.

Summary: This volume is structured around discussion of 34 selected case studies
from around the world (13 from Latin América) of protected areas and buffer zones.
While theauthor acknowledges that there have been many failures of buffer zone activities
and projects in the 1980s, (similar to failed integrated rural development projects in the
I960s and I970s), there have also been some successes and they are represented in this
book. Buffer zones are defined as "A zone, peripheraJ to a national park or equivalent
reserve, where restrictions are placed upon resource use or special development measures
are undertaken to enhance the conservation valué of the area." The best examples, states
the author, are not buffer zones with short-term aid projects, but those which have
initiatives ¿ken by local community groups and resource managers, and many of the best
buffer zone initiatives have been based upon ad hoc arrangements between local officiaJs
and populations. Sayer recommends that national or regional planning agencies should
help to coordínate administrative agreements between different govemment sectoral
agencies (agriculture, forestry, parks) for land adjoining protected areas. Buffer zone
management can be facilitated if land is titled to the state, but if smallholders are already
using the land cióse to protected area boundaries, it is desirable they be given secare title to
this land; land laws should favor retention of forest on prívate land and not make clearance
a prerequisite for land tenure. Buffer zone development projects should be undertaken
only when there is a probability that they willhave support for ten to fifteen years. Detailed
technical plans for buffer zone projects are not desirable; projects should be based on
intense dialogue with local communities withongoing input of technical expertise available.
Many projects, in particular agroforestry projects, in the 1980s were too highly detailed and
structured to attract intemational aid but were not practicable or sustained.

The level of detall in the case studies does not provide information for prescribing
specifíc activities for buffer zone management, but rather highlights principies in successful
and failed buffer zones. Of interest is the broad range of arrangements from those which
are formal, govemment-oriented, official and legislated, to those which are informal and
work with prívate holders and groups.

18. Torres Angeles, Mirriam. 1992. "Public Involvement in Huascarán
World Heritage Site, Perú," in Parks (lUCN), 3(3):20-22. December.

Summary: A large National Park in Perú sought, ten years after its creation, to
include local user groups in creating and refming a management plan. 45% of the park's
area is used for grazing, intensive tourism and hydropower. User groups include local
communities within the park, only two of which have been granted legal title, 36 organized
grazing groups, mining and hydropower interests. Other institutions in urban areas (Lima)
were also consulted. First, a proposal for a management plan was distributed via a letter to
niral and urban groups. The proposal was discussed with these groups in 7 workshops.
Basle problems were identified as being a lack of selection process for projects, lack of
environmental impact assessment, lack of funds, and the need for grazing agreements. A
survey was also distributed, with radio publicity, but this was poorly coordinated by park
staff. But survey results showed that the local resident groups, while needing greater
understanding about the management plan, understood environmental conservation issues
and wouldbe willing to particípate and reach agreements that would accme real benefits to
them. The Agrarian Unit became involved and set up a planning team. The La Molina
National University held training sessions with park staff and professionals. After this 2
year process, a final seminar on the management plan was held in 1990. The author
eraphasizes theneed for technical training of park staff, including enhanced communication
with park users, as well as ensured implementation and ensured funding for
implement^on, or else the confidence of the resident users will be undermined. More
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workshops were supposed to be held than were held due to lack of funding. The aiticle is
brief and amore in-depth discussion of the participation methods would behelpful.

19. White, Alan et al (eds.). 1994. Collaborative and Cnmmunitv-Based
Management of Coral Reefs. HartfordrKumarian Press.

Summary: This volume brings together six case studies of experiences in
collaborative and community-based reef management in Asia, the Caribbean and the United
States. The authors state that communities rarely wili take responsibility for managing
resources if it is not olear how they will benefit from management, and they must have
clearly defined roles designed to be effective. Interventions needed before communities can
perform in these roles effectively include research and documentation of popular
knowledge of resources and traditional management sysiems; defmition and establishment
oflegal instruments formalizing community responsibility; involvement and representation
of community members in planning and decisionmaking; and organization, training,
financing, legal counsel and technical assistance to build community institutions. In order
tocatalyze a collaborative and community-based management program, the authors suggest
the following phases which are common to the successful cases: 1) Preparation, including
proposal writing, gathering of preliminary field data, making personal and institutional
linkages; 2) Integration into the community, including making contact with community
leaders, attending meetings, answering questions, and intrt^ucing the concepl; 3)
Community education and research, including nonformal education methods such as small
groups and one-on-one contact, regarding the ecology oftheareaandresource management
rationales. Local knowledge should be solicited and shared. Participatory research can
contribute to baseline data; 4) Formation of core management groups, from existing
community institutions when possible. These groups can participare in community
education programs and must ultimately take responsibility for initial implementation of
management strategies; 5) Defmition of management strategies and objectives, with the
core group, and defmition of implementation roles; 6) Implementation of management
strategies and formalization of responsibility and authority, including recognizing the core
group and its mándate, tenurial rights, ceremonies, feedback from community members,
and initiation of new projects such as tourism, agriculture or small businesses. 7)
Replication and extensión of the program to other communities, by the core group; this is
important to enhance credibility at the original site; 8) Evaluation and ídjustment of
management efforts, including discussing project results, holding evaluation meetings,
planning for the next phase, and modifying any formal agreements necessary with the
community and outside organizations. Monitoring of effects of management on the
environment is crucial for communities to see the effects of management and to revise
management.

The authors note that there must be a policy environment which can open up the
political space necessary for stakeholders to actually have a say in collaborative
management schemes. Govemment agencies can monitor and evalúate the effectiveness of
community-based management initiatives and particípate in joint regulation, including
delegating enforcement responsibility to local communities or directly enforcing when
necessary. Govemment agencies can also provide arbitration for disputes between
communities.
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NON-GOVERNMENTAL ORGANIZATION (UNPUBLISHED)
DOCUMENTS:

1. Bayley, Peter et al. 1991. "Environmental Review of the Facaya-
Samiria National Reserve in Perú and Assessment of Project." Prepared
for: Washington, D.C.:The Nature Conservancy.

Summary; This is an assessment of ihe "Employment and Natural Resource
Sustainability Project" funded byUSAID in the Facaya-Samiria National Reserve in Peru,
providing boih an environmental assessment but also a viability assessment ofthe project in
the reserve and in the neighboring buffer zone done byexpeit consultants. The Project is a
series of experiments in small-scale development and environmental and socio-economic
monitoring and research, worldng with local communities. The Project's explicit
philosophy or rationale is to promote sustainable renewable resource exploitation within the
reserve bysurrounding communities, so that it is in their interest to respect regulations and
defend the Reserve; the second is to promote altemative income generation through
agriculture and ñsheries programs outside the Reserve. The author of the assessment
wams against too much promotion of the second since it may aítract mistión from other
regions to the buffer zone of the Reserve, and concludes that increased income generation
projects outside the Reserve should only beattempted ina later phase of the Project. Other
recommendations include institution of an ongoing monitoring program for fish yields and
for critical wildlife species, as well as water level and rain gauging, with university
students and other govemmental and nongovemmental institutions. Also, the assessment
recommends feasibility studies for harvesting of particular wildlife species, while
recognizing that its recommendations may not be acceptable to traditional harvesters. A
number of development and educational activities are recommended, including specific
improved technologies for fish and cropmarketing andstorage (smoking, vacuum packing,
etc.), changas in fishery management including suspensión of certain regulations and
closed seasons, recmitment of local Reserve Guards, and redesign of the institutional
stmcture controlling regulation and enforcement in the Reserve, to improve cooperation
among various govemment agencies (fisheries, wildlife, agriculture). Despite being a
natural scientist (aquatic science), the author of the assessment acknowledges that "the
success of the projectprobably depends more on an intímate knowledge of and sensitivity
towards the human culture than an a priori understanding of the environment." Thus, each
ecological (species or ecosystem) assessment also includes discussion of resource use and
regulation, including an understanding of the relative valué of hunted and fished products
including skins and mrtle eggs, to residents of communities around the reserve. Local
communities have already begun efforts at regulation and enforcement of fisheries. and the
Project assessment encourages continuation and support of these efforts. In general, the
assessment suggests limited, slow development projects which do not overstimulate
expectatíons of residents, promote cash obtention or requirements over subsistence (thus
stímulating exploitation of high-value illegal product extraction), or attract outsiders to
migrate ±ere.

Thisassessment provides an excellent example of usingexpertscientific knowledge
on wild and semi-wildspecies to understand and guide local resource use andregulation.
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2. Conservation International. 1997. "Demarcación de Tierras
Comunales y Mapas de Recursos para la Conservación de Diversidad
Biológica: Parque Nacional de Madidi y Area de Uso Integral, Bolivia."
(In Spanish).

Sununary: Conservation Intemational's proposal for activities in the Madidi
National Park, Bolivia describes a project for participatory mapping of the park and
múltiple use area. The arca is being heavily logged illegally and several wood and bird
species are threatened as is ecotourism potential. The project proposes to empower the
local communities to proteci the area and to use it sustainably. CI will support demarcation
of thearea, including use rights to resources and zoning, as well as collect information on
traditional knowledge of natural resources and develop practical tools for sustainable use
activities. Q will work with the Bolivian govemmentand the local communities to do ihis.
Firsta Participatory Rural Appraisal will be conducted, along with participatory mapping to
help resolve conflicts and to show traditional knowledge of the land, environment, and to
evalúate land titles and resource use. This will be followed up by workshops, first with
onecommunity and then spreading to others, on how to crcate technical maps. Community
leaders selected by the communities will be trained in the use of GPS and equipped for a
series of expeditions. Definitive maps for demarcations and for resource use will then be
created. In addition azone of Ecotourism will be developed nearby with small businesses,
withthe intention of replication to other communities in the región. The total time period
for the mapping phase of the project will be 1.5 years. "ñiis document is extremely
condensed but shows an innovative use of participatory mapping for demarcation and for
intemal use zoning with a major international ngo as collaborator.

3. Fundación Charles Darwin Para Las Islas Galápagos. 1992. "Flan
Maestro de la Estación Científica Charles Darwin." Galápagos, Ecuador.
(In Spanish).

Summary: This document is a "MasterPlan" whichdescribes thecurrentstatus and
history of the Charles Darwin Scientific Station in the Galápagos, general lines of action
including research conducted (environmental and social), publications generated, training,
education, institutionaí development, work with other organizations, administration,
planning and evaluation, zoning, and regional, national and international strategies related
to the station. It is largely an intemal document meant to help plan the direction of the
Scientific Station in its administration and development in the short, médium and long term,
in particularregarding definition of objectives, administration, infrastmcture and personnel,
fmancing, institutionaí cooperation, and land use zoning. It aiso, however, sets out
specific policies and guidelines for species monitoring and research. Intemal workshops
were conducted with station personnel and a Planning Team guided the work.

The Scientific Station assists in the management of the National Park of the
Galápagos. A Management Plan for the Park was prepared in 1973 and revised in 1984,
and addrtionally a Marine ResourceReserve created therc in 1986 had its Management Plan
approved in 1992. The Scientific Station works with the National Park Service of the
G¿apagos to develop Annual Operating Plans.

The zoning for the lands owned by the Foundation Charles Darwin includes a
"Natural Zone" with two subzones for Extensivo and Intensivo Scientific Use; an
"Experimental Zone" in which scientific manipulation is allowed; a "Public Use Zone," fot
public visitation, education andtourism; and a "Special Use Zone." with four subzones as
follows: Arcas of Access and Public Passage; an area for the physicalplant of the National
Park Service of the Galápagos; an oper^ons area for the physical infrastmcture of the
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Scientific Station; and an area for the housing of employees, students and visiting
researchers.

4. Fundación Defensores de la Naturaleza. 1992. "Plan Maestro 1992-
1997, Reserva de la Biosfera Sierra de las Minas." Guatemala. (In
Spanish).

Summary: This is a relatively short, summarized document, developed with the
NGO (author) and approved by the National Council of Protected Areas (CONAP) of
Guatemala whichoutlines the "Master Plan" for theBiosphere Reserve Sierrade las Minas.
It briefly mentions thephysical, socioeconomic and biological aspects of the Reserve; and it
gives theguidelines for management objectives of the reserve, the administrative structure,
discusses the zones and boundaries, and briefly outlines the "management programs" for
protection, research, environmental education, tourism, timber resources, sustainable
livestock systems, and land settlements. The zones are described as the "Zona Núcleo",
with preservation, research and limited ecotourism objectives; and the "Zonas de Uso
Múltiple o Sostenible, de Amortiguamiento y de Recuperación" which are defmed as
forestry use, areas of use for residents and recuperation of degraded forest habitat,
respectively.

5. Instituto Nacional de Ecología. 1995. "Programa de Manejo, Reserva
de la Biosfera Alto Golfo de California y Delta del Río Colorado." México,
D.F.: INE/SEMARNAP. (In Spanish.)

Summary; This is a management program for a biosphere reserve which is 2/3
marine and 1/3 terrestrial. The reserve forms part of the nation^ system of protected areas
in México and also is part of a región benefitted by the Mexico/U.S. "Frontier XXI"
program which integrates conservation research and monitoring programs with
environmental programs for urban areas such as water treatment. Approximately 17% is
denominated the "zona núcleo" (core zone) and 83% the "zona de amortiguamiento"
(buffer zone or zone of influence). Seventeen marine and terrestrial species are prohibited
from capture indefinitely. Among the objectives of the program of the reserve are
regulation of productive activities in the area, promotion of sustainable economic and
administr^ve activities for resident communities, environmental education, and in general
protection of critical habitat and species. Eleven "environmental subsystems" were
identified, m^ped and codified. Three broad levels of use are defined, including
"protection," withheavily regulated and limited use; "protection with active use," with low
impact fishing and collecting allowed, and wherespecific management programs should be
developed; and "usage with control" ("aprovechamiento con control") where productive
activities are allowed, including commercial fishing and tourism, but an integraied
management program whichdiminishes their impact is instituted, including development of
a tourism management plan and development of altemative fishing activities, technologies
and markets. By working with thecommercial fishing industry in helping to develop it, the
management program hopes to orderand control its development in a sustainable manner.

The second part of the management program outlines in detail the short-, medium-
and long-term objectives and activities of the program, such as dates of fishing of particular
species, development of specific management programs for each marine resource,
including rules for foreign fishing and embarcation poinls, and plans for developing impact
studies and other programs such as conflict resolution. The environmental education
program outlined has the most explicit plan for community participation, notable
particularly in the design phase of the program, with development of didactic materials,
including informaiion regarding traditional resource use, with the local communities.
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Environmental education is seen as a continuous process without an end point. As pait of
the program local residents will be trained to work within the reserve in conservaüon
management, education and tourism. There is also a plan for community participation in
activities conceming protection of the core protected zone, but this is not detailed.

6. Nature Conservancy, The. 1991. "La Paya National Park, Colombia.'
Washington, D.C..

Summary: This is one of many summarized documents that the Nature
Conservancy hasdescribing parks that it works with in Latin América as part of the Parks
inPeril program, and it contains a management strategy and management plan. Biological
significance, socioeconomic factors, and threats to the park are first outlined. The
"Management Strategy" then outlines the key institutions, including NGOs, govemment
agencies and intemational donors, which will work withthe parkto develop and implement
projects for managing thepark. Intemational funds from USAK) willbe administered by a
Colombian NGO, Fundación Natura, to hire and train project staff, construct park
facilities, develop the park patrol, trail system and community extensión efforts. The
Colombian national parks agency, INDERENA, will provide technical, logistic and
financial support as well for implementation of management and will provide direct project
oversight. The 'Management Strategy' then outlines conservation goals and strategies,
such as guideline development of sound land use practices such as sustainable agriculture
and extractive resource areas, solidificaiion of park infrastmcture and zoning, community
extensión and environmental education programs for local communities, applied studies on
soil and crop management, flora and fauna inventories, wildlife management and
socioeconomic indicator studies, and control and elimination of deforestation, stock and
exogenous grasses in the core areas of the park. The park director, an agronomist and a
mral sociologist will be hired to train new park guards. A buffer zone area will have an
"integrated management plan" which will promote the national park philosophy and
environmental awareness in local communities. The agronomist and mral sociologist will
work to develop extensión for altemative land uses. Effects on local communities will be
negative in the short run as resource use is controlled, but long term effects will be positive
with protection of watersheds, minimizing flooding of agricultura] and pasture land,
limiting soil loss and river sedimentation and reduction of agricultural chemicals into the
water system. The "Management Plan" is a brief outline, for year one and two, with
approximately 5 specific action items per quarter. For example, Year One, First Quarter,
includes hiring four park guards and two boat operators, technical training for the Park
Director, purchase of three boats, identification and preparation of site for two ranger
cabins, and travel of the Parks in Peril coordinator to the park to coordínate activities with
the Park Director. The Second Year Management Plan is only an initial outline with five
items proposed, such as hiring of the agronomist, more purchase of materials, boundary
posting, environmental monitoring and evaluation of indigenous land uses.

This document, and the many others similar to it, are useful in revealing how the
Nature Conservancy approaches the Parks in Peril program in Latin América with other
institutions, and how management is conceptualized and proposed to be implemented. It
would be interesting to see follow-up documents which describe whether activities were
actually carried out and how successful they were, particularly the community extensión
activities.



7. OTS (Organization for Tropical Studies). 1991. "Master Plan for the
Management and Development of the La Selva Biological Station of the
Organization for Tropical Studies." Costa Rica.

Summary: This is a revised "masler plan" for the LaSelva Biological Station which
outlines: the goals of the OTS. the purposes of the Station, establishes usage limits, and
gives guidelines for resolution of researcher grievances; proposes goals and guidelines for
research ai the station; gives specific regulations for research such as collection procedures,
plot locaiion and marking, canopy access, etc.; gives rules for introduction of exotic
organisms; describes the zones of the area; guidelines for habitat management, datab^e
management, and provides plans for relationships with other actors such as universiües,
the Costa Ptican govemment, and others; and gives a long term plan for facilities
development at the station. There is no apparent participation of the surrounding residents
inthe development of the plan orpresence on the Advisory Committee, despite mention in
the introduction that is is pointless to initiate long-term monitoring of animal or plant
population without ruling out effects ofdeforestation in the surrounding región outside the
station's boundaries.

Zoning is accoinplished via discussion in the Advisory Committee, made up of
experts. Zoning includes an "ecological reserve" (formerly "prisüne"); "low-impact ateas"
(formerly "natural") for limited research; "high-impact ateas" (formerly "experimental") for
high manipulation research projects, including pasture land, secondaty forest, abandoned
cacao, and moderately-disturbed primary forest; "OTS habitat management ateas," such as
the arboretum and trails; and "developed ateas," where there ate buildings including
research shelters.

La Selvaretains an explicit andcióse relatíonship with national patk service guards,
who assist in controlling illegal hunting and fishing. Forest trial projects seek to have
collaboration with the forest service. Research permits musíbe obtained from the National
Patk Service. Permits ate required for wildlife research from the wildlife service. La
Selva's staff is responsible for maintaining an ongoing environmental education program
for surrounding communiües, in order to attempt to reduce Dlegal hunting pressure and
incursions of squatters.

8. Poff, Cathryn. 1996. "Protected Area Management Options for the
Next Century." New Haven: Yale University. (Prepared for lUCN
Comission on National Parks and Protected Areas-CNPPA?). Draft.

Summary: The primary objectives of the study are to assess the trends in
management arrangements in protected ateas; to identify capacities of various groups
involved in managing protected ateas; to identify what actions can be taken to strengthen
those capacities; to distill leaming ftom implementation of protected area management
options; and to identify thekey ingredients of successful options as well as potential pitfalls
of some approaches that fall short of goals.

The author notes a general trend towards decentralization of management to regional
and local levels, and generally increased involvement of NGOs, community groups,
academic institutions and prívate sector interests. Most survey respondents saw an
increase and trend towards collaborative management. Based on a survey of 1,600
govemmental agencies and CNPPA members, the management roles that govemments,
NGOs and community-based groups can best perform were outlined as following:
Govemment: enforcing protected area policies; approving management plans; preparing
management plans; natural resources inventory; training staff; providing fmancial
resources.
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NGOs: Involving locáis in implementing management plans; involving locáis in preparing
management plans; coordinating among managing groups; natural resources
inventories/monitoring; social assessment/moniloring.
Communitv-Based Groups: involving locáis in implementing management plans; involving
locáis in preparing management plans; social assessment/monitoring; managing
tourism/recreation.

The author reconunends increased efforts to increase and study prívate sector
investment and involvement in protected areas. Following the study, a number of case
studies are annexed which illustrate comanagement of protected areas, including exampies
from Australia, Kenya (Campfire), the Par^ in Peril program of Latin América, Belize,
Vanuatu, the MayaBiosphere Reserve, Kutai in Indonesia. There is also an annex which
shows the methods used in the study's survey and additional results, broken down by
responden! group and by world región. For example, the survey showed respondents
predicted ihat govemments will in the near future increase communicaíion with local
residents, and increase coordination among managing groups.

This documenl represents literature which charts, foresees and recommends
increased comanagement and real involvement of local communities in protected area
management.

9. ProAmbi. 1996. "Flan de Manejo para el Refugio Nacional de Vida
Silvestre Gandoca-Manzanillo (RNVS-GM)." Vols. I,II and III. Costa
Rica: Programa de Estudios Ambientales, Escuela de Biología, Universidad
de Costa Rica, and Ministerio del Ambiente y Energía (MINAE). (In
Spanish.)

Summary; This is an extensively documented Management Plan for the National
Wildlife Refuge Gandoca-Manzanillo in Costa Rica, a "mixed" reserve which is 80%
privately owned and 20% state land. This is a very carefully laid out, detailed and
complex Plan whichseems to set a preceden! for the región.

A National Conservation System was proposed in CR in 1995 and the Ministry of
Enviroitment and Energy was restructured. The activities of several govemment
departments (e.g. forestry, wildlife and parks) are subsumed and thus more coordinated
with regards to plaiming and management. As a result of numerous conflicts and
complaints regarding the RNVS-GM, it was chosen as the first site to receive a
Management Plan under the new Ministry. Three lines of diagnostics were done to create
the Plan, one biophysical, one socioeconomic, and one institutional. The methodologies
used for the first two were based on Rapid Ecological Appraisal methods, while for the last
a methodology of Objective Oriented Project Planning (Planificación de Proyectos
Orientada a Objectivos - ZOPP) was used as well as a "FODA" analysis ("fortalezas,
oportunidades, debilidades, amenazas").

Management recommendations are structured to contain general and specific
objectives ("what"), deadlines ("when"), and activities ("how"). Activities are presented in
levels from general (regional or global), to subregional to local. Aimual Operaling Plans
implement the Management Plan. A more active participation of civil society is
recommended in the Plan, including creation of "Zone Support Committees" (Comités
Zonales de Apoyo) inaddition to an Advisory Committee (Comité Asesor). 16 discussion
sessions, eightmeetings and4 open workshops were conducted with the public before the
Management Planrecommendations were made.
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VoIuitk; i introduces the area, methods and details the objectives and timeline.
Volume n outlines 15 distinct zones with distinct management recommendations. The
zones are generally divided by habitat/geographic type. Within each zone,
recommendations are made for recommended uses, conditional uses, property holding
sizes, population density, agricultura] uses (much subsistence agriculture allowed),
livestock (usually subsistence), and forest use. A lext discussion of each zone is
presented, along with a graphic "box" format summarizing the permitted/suggesled uses.

10. Sociedade Civil Mamirauá, et al. 1996. "Mamirauá Management
Plan." Brasilia: SCM, CNPq, IPAAM.

Summary: This is a document prepared for public distribution describing Brazil's
largestprotected flooded forest wetiand in üie Amazon, which aiso has a strong component
of working with 60 resident, traditional "caboclo" communities and is well-known in Brazil
for being innovative and successful. The area's status was changed in 1996 from
Ecological Station to 'Susiainable Development Reserve' to incor^rate the work with
resident communities. The communities participate in research, monitoring, extensión and
protection. The Mamirauá Project was initiated in 1992, and consists of five program
components: Core Operations, or administrative and operational activities; Terrestrial
Systems, with research on caimans, hunting, timber extraction, forest and fauna surveys,
and seed dispersión; Aquatic Systems, with studies in limnology, the fish market, biology
of commercial and ornamental fishes, and aquatic mammals; Socio-Economic and
Community Participation, with extensión efforts in environmental educaiion, health,
economic issues and community organization; and Databases, which organize the GIS data
of the Project.

The communities were organizedinto nine self-selected"sectors" each of which has
a coordinator and tworepresentatives which attend annual 'General Assemblies' with local
and national govemment representatives, NGO and researchers, as well as regular
community meetings, at which management decisions are discussed and voted on.
Decisions have been made by the communities to cióse the core area to outside resource
users; to develop a zoning scheme which classifies the lakes into strict protection,
subsistence, or commercial (community) fishing; to allocate other lakes to outside resource
users (urban area fishermen), and to prohibit timber extraction in sensitivo areas bordering
lakes. Support for enforcement of diese decisions is given by the Brazilian govemment
environmental agency, IBAMA. Additional zoning suggestions were developed by the
expert scientist research team and include a 'protection' zone (in lieuof a strictly prohibitive
core zone), bird rookeries zone, an eco-tourism zone, freshwater tuitle zone, and a caiman
zone. AU of the zones were discussed with and approved by the resident communities.
Specific uses in these zones were discussed and approved, such as hunting and fishing
methods and prohibition of taking endangered species. A Coordinating Council is being
created which will have resident community members as well as outside members of the
Project team. The Project has extensive extensión goals, including a public health unit,
education, economic production, and training of community leaders and monitors,
including community environmental monitors.

This document is more of a public relations document and summary of the project
than an actual management plan. The participatory zoning approach and participatory
monitoring are of particular interest.
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11. United Nations Environment Programme (ÜNEP). 1990. P.rotocoj
Concerning Speciallv Protected Areas and Wildlife to the Conventíon for
the Protection and Developinent of the Marine Environment of the Wider
Carihbean Región. From Conference of Plenipotentiaries Concerning
Specially Protected Areas and Wildlife in the Wider Caribbean Región,
Kingston, 15-16 January.

Summary: Of particular interesi is Article 6 of the Protocol, which ts reproduced
here;

Planning and Management Regime for a Protected Area
1. In order to maximize the benefits from a protected area and to ensure the effective
implementation of the measures set out in Article 5 (Protection Measures), each Party shall
adopt and implement planning, management and enforcement measures for protected areas
over which it exercises jurisdiction and sovereign rights. In this regard, each Party shall
take into account the guidelines and criteria established by the Scientific and Technical
Committee and which have been approved by the meetings of thePaities.
2. Such measures should include:
a) the formulation and adoption ofappropriate management guidelines for protected areas;
b) the development and adoption of a management plan that specifies the legal and
institutional ffamework and the management and protection measures applicable to the area;
c) the conduct of scientific research and monitoring of ecological processes, user impacts,
habitats, species, populations and activities aimed at improved management;
d) the development of public awareness and education programmes for users, decision-
makers and the public to enhance their appreciation and understanding of the protected
areas andtheobjectives for which is wasestablished;
e) the active involvement of local people and enterprises. as approDriate. in the plcmning
and management of the protected area. includiriP assistance to. and trainine of local
inhnhitnnts wko mav be affected bv the establishment of the protected area: (emphasls
added here)
f) the adoption of measures, including mechanisms for generating revenues for fmancing
the development and effective management of protected areas and facilitating programmes
of mutual assistance;
g) contingency plans for responding to incidents that could cause or threaten damage to the
protected area including its resources;
h) the establishment of procedures to permit, regúlate or otherwise authorize activities
comp^ble with theobjectives for which the protected area was established; and
i) the establishment of a management capacity, especially trained personnel, as well as
appropriate infrastructure.
Also, Article 8 is of interest:
Establishment of Buffer Zones
Each Party to this Protocol may, as necessary, strengthen the protection of a protected area
by establishing, within areas in which it exercises sovereign rights and jurisdiction, ene or
more buffer zones in which activities are less restricted than in the protected area while
remaining compatible with achieving thepurposes of theprotected area.

12. World Wildlife Fund. 1997 "Lessons from the Fieid: A Review of
Worid Wildlife Fund's Experience with Integrated Conservation and
Development Projects, 1985-1996." Final Draft Report. Washington,
D.C.: WWF.

Summary: A workshop ofWWF-US was held to review the progress of working
with ICDPs. Three "generations" of ICDPs were identified: a first generation in the 1970s
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and 80s which worked with compensation projects in buffer zones; these cash or other
compensatíon schemes such as schools and health posts were s^n as unwieldy and
unrelaied to conservation objectives while not actually involving residents in parócipatoty
management decisionmaking. Asecond generation is identified as coming into its own in
the 1990s which includes projects focusing on rights and responsibilities in resource
management, of local communities and working with a variety of st^eholders. Some
collaborative management arrangements occur here and promote "active commumty
participation", build community capacity, and conduct feasibility assessmenis of econormc
activities. Policy reform is worked on to empower local communities. Athird generaüon
of ICDPs may be arriving which includes a broader "landscape approach' to conservation.
Examples of the three generations are shown in a box on page 6. 10 recommendations
resulting from the workshop are discussed in the rest of the document. Adaptive
Management is described superficially on page 29: "Under adaptive managenient,
conservation organizations and their partners create, implement, and monitor plans, feed
the results back into implementaiion, and modify the project as necessary. ...a process of
rigorous self-evaluation is particularly important...An adaptive management approach can
also be applied to project processes, such as managing institutional roles, relationships and
alliances, and identifying and integrating stakeholders, as these factors are not static. This
approach assumes that project plans cannot address all the relevant varilles or anticípate all
the consequences and complexities of environmental management. Collaborative
management is discussed on page 35. Collaborative management involves formal and
informal agreements between govemment and rural communities regarding access to
resources; "The development of effective collaborative management agreements requires
govemment to endorse üie concept and provide political support for the demanding process
of negotiating agreements." There must be mechanisms for collaboration, identification of
priority resources and levels of extraction, formal rules for resource use among different
stakeholders, and monitoring of resource use. Community stakeholders must have skills,
knowledge, and authority to negotiate. This approach should not be undertaken without a
supportive policy environment and adequate time, skills, and other resources. Steps for a
collaborative management process areoutlined on page 36.

Buffer zonesare mentioned peripherally and seen as outdated.

13. Worid Wildlife Fund. 1996 "The Enabling Environment for ICDPs:
Policies, Institutlons, and Ethical Dilemmas at Local, National and
International Levels," Workshop III of the ICDP Review, May 5-9, Syria,
Virginia. Final Draft Report. Washington, D.C.:WWF.

Summary; This workshop was largely focused on guiding WWF engagement in
policy issues, therefore mainly an intemal discussion. There was little actual discussion of
real participation of protected area-dwellers, except the 5 principies suggested by Sandy
Davis for engagement with indigenous peoples: listening and sharing; transparency,
attempís to reach consensus; formSized agreements; and adaptive management. Of the four
case studies presented, the Latin American case did not involve an ICDP/PA. Overall, of
little or no relevance to our objectives unless we want to include a policy angle. Of
possible greater interest could be the other workshops in the WWF series, mentioned in
this report: Workshop H. "Local Knowledge, Valúes and Social Oragnization:
Foundations for Biodiversity Conservation," Nov. 12-19, 1995, Palawan Island ,
Philippines; and Workshop IV "Measuring Conservation Impact in ICDPs," Dec. 4-8,
1996, Arusha, Tanzania; and Workshop I "Linking Conservation and Human Needs:
Creating Economic Incentives," April 30-May 6, 1995, Yucatán, México.



Conclusión:

Our research repeatedly comes to the conclusión that aspecial mcment is at h^d in
the history of PNLH and the Dominican Republic. With one of ^e highest raüos oí
protected landscape in the world, at least on paper (see GEF Report, December 1996), the
social consequences are equally dramatic. These areas are not social vacuums, but cultural
landscapes with social networks, communities and fabrics. There is little hope that, even ir
the Presidential Decree (#319) passed in 1997 ratifies the special conservaticn status of this
area, the same govemment will have the financia! means to pay for mapping, servicing, ^d
enforcing these units, not to mention environmental education, restoration, regulat^
ecotourism and infrastructure. The only way to accomplish large-scale conservation with
social implications is to incorpórate local people as allies in the product and process ot
conservation.

In our view, the time is appropriate for an approach to consery^ion which
encourages rather than denies the role of local residents and users of the LpíP landscape.
With respect to people, regardless of their education or social position, the parle s
should be inclusionary rather than exclusionary. This does not presume that everythmg
necessary for successful park management is currently known or understood, but r^er
that many management adaptations will be required in the years ahead lo maintain a bal^^
between human and biophysical interests. We view these adaptations as a sign of healthy
planning and collaborative leaming by all parties rather than failure, compromise or
setback.
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