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• PRGAP: Assessing terrestrial vertebrate conservation
• Integrated terrestrial aquatic GAP objectives

• GAP analysis: Geographic Approach to Planning

Outline

• Integrated terrestrial aquatic GAP components
• Collaboration



1. Identify distributions of species and habitats.

2. Identify conservation areas.

Initiated in the 1980s as a landscape approach 
to conservation planning:

Gap Analysis Program

3. Assess how well species and habitats are protected.



NBII: National Biological Information Infrastructure
U.S. Geological Survey

Gap Analysis Program
Gap Aquatics Projects

Puerto Rico Department of Natural and 
Environmental Resources

PR-USVI Integrated Gap Project

PR “Sportfish” Gap Project



Determine “Gaps” in 
conservation of species 
and habitats
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Puerto Rico Gap Analysis Project
Mission: Regional assessments of the 
conservation status of native terrestrial 
vertebrate species and natural land cover 
types.

“The intent of the Gap Analysis is to 
provide proactive…. land management 
activities at the community and 
landscape levels” (J. Michael Scott, 
1995).



Land cover of Puerto Rico
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Mapping biodiversity patterns



USVI Gap 
Analysis Project

Remote sensing and 
mapping vegetation 
composition and 
structure



The goal of Integrated Gap is to develop a 
comprehensive set of databases on Puerto Rico and 
the US Virgin Islands’ freshwater, estuarine, and 
marine resources – including habitat description and 
mapping, species distributions and conservation 
status, and protected areas and conservation 
priorities…

Integrated terrestrial-aquatic gap



….combined with existing Puerto Rico and USVI 
terrestrial GAP databases, to conduct integrated 
analyses of gaps in conservation protection for the 
U.S. Territories in the Caribbean.

Integrated terrestrial-aquatic gap



● Compile information on protected areas.
What areas and resources are protected?

Parks, reserves, laws, regulations, zoning
How effective is that protection?

Four tasks gathering information:
● Compile information on the natural history of 

selected species.
Taxonomic
Conservation status
Bibliography
Habitat affinities



● Compile information on species occurrences.
Point occurrences from research studies
Published range maps
Site species lists
Documented with date/observer/source

● Develop geospatial layers of habitat characteristics.
Hierarchical:
Related to scales of organisms and local 

management
Useful for regional and global assessments

Four tasks gathering information:



● Inductive  - Species habitat models based on data 
relating species occurrences to geospatial habitat   
data.

● Deductive – Species habitat models derived from 
literature and expert opinion based on occurrence 
of habitat within predicted range of species.

Modeling: Species distributions 
based on species habitat relationships



Gap Analysis: To what extent do 
protected areas overlap with species 
distributions, habitats of interest, 
concentrations of biodiversity. 

Where are Gaps in conservation?



We have complied an annotated list of 846 species associated with 
aquatic habitats in Puerto Rico and added these to the existing Puerto 
Rico Gap taxonomic database, which now includes 1217 species. 

Aquatic species

The database has a 
number of cross 
walked identifiers, 
including scientific and 
common names and 
codes related to 
international 
biodiversity databases. 



We have complied an annotated list of 846 species associated with 
aquatic habitats in Puerto Rico and added these to the existing Puerto 
Rico Gap taxonomic database, which now includes 1217 species. 

Aquatic species

This database will 
contain information 
on each species 
taxonomy, 
conservation status, 
geographic 
distribution, habitat 
associations, life 
history, and specific 
threats to 
conservation. 



Aquatic species

The species associated with aquatic habitats are primarily fishes (714) but 
include birds (100), marine mammals (9), turtles (7), rays (1), corals (2), 
crustaceans (11), conch (1), and sea urchins (1). 



From these we have a list of 57 recreational fish 
species of importance to the Puerto Rico Department 
of Natural and Environmental Resources (DNER) to 
include in the Sportfish Gap analyses and about 200 
aquatic species to include in the Integrated Gap analyses. 

Aquatic species



Species natural history

Compiled in Access database
Used for developing species-habitat models
Available as individual reports



Protected areas
We have identified 201 protected areas (8% 
of Puerto Rico) that have an aquatic 
component and developed a database of the 
attributes of these protected areas. 



Protected areas
We have identified 201 protected areas (8% 
of Puerto Rico) that have an aquatic 
component and developed a database of the 
attributes of these protected areas. 

Virtually all of the terrestrial protected areas 
identified in the Puerto Rico Gap project 
have streams, reservoirs, estuarine, or coastal 
components so these have been included in 
addition to marine reserves.





Aquatic habitats
Goal - Identify habitats from simple 
to complex classification, capture 
spatial and temporal variation.

Three main aquatic systems: 
Marine, estuarine, freshwater



Aquatic habitats: Freshwater

Main freshwater habitats for Puerto Rico and the USVI. Feature source: 
Main rivers (Lopez and Villanueva 2007), watersheds of Puerto Rico 
(delineated by the Department of Natural and Environmental Resources of 
Puerto Rico), watershed of the USVI (Santiago et al. 1998), lakes, ponds, 
reservoir, swamps, marshes (USEPA and USGS, 2000).



Frissell et al. 1986: A hierarchical framework for stream classification: 
viewing streams in a watershed context

Stream habitats: Watershed-segment-reach



Marine habitats
Modeling challenge: Combine geospatial 
layers that consistently cover the extent of 
the study with higher resolution information 
available for specific sites.



Occurrence data

Within hexagon/watershed
Point occurrences from research studies
Published range maps
Site species lists
Documented with date/observer/source
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Collaborations needed

Gap Team:

William Gould, USDA Forest Service Research Ecologist

Occurrence data
Reviews


