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ABSTRACT. Shorefishes of the Tropical Eastern Pacific Online Information System
(SFTEP) version 1, 2008, provides an online electronic identification guide and in-
formation system for the known fauna of shorefishes found in the Tropical Eastern
Pacific. SFTEP allows users (i) to identify all shorefishes known from the Tropical
Eastern Pacific (TEP) (1,287 species in version 1) and (ii) to analyze and conduct
biogeographic research on the composition of that fish fauna at varying spatial scales.
Tools for identification emphasize the use of color photographs, along with descriptive
text that highlights key morphological features; allow comparison of similar species;
facilitate identification of unfamiliar species using information on location and fish
morphology (shape, color pattern, and color); and incorporate interactive keys to
members of two species-rich families (Gobiidae, Sciaenidae) that have many similar-
looking species. To accommodate nonspecialist users, scientific jargon is minimized;
the interface is intuitive and user-friendly, and searches for species can be made using
common names. The Research Engine, which provides information about the com-
position of local faunas and the regional fauna, allows users to compare geographic
ranges of multiple taxa, to construct faunal lists of taxonomic and functional groups
of species for single and paired sites, and, at varying spatial scales, to determine local
endemism and to display region-wide patterns of species richness of different taxa and
functional groups of fishes. The system is accessible online at www.stri.org/sftep.

INTRODUCTION

Shorefishes of the Tropical Eastern Pacific Online Information System
(SFTEP), version 1, 2008, provides an online electronic identification guide
and information system for the known fauna of shorefishes found in the Trop-
ical Eastern Pacific (TEP). This version represents the latest iteration of a
series that began with the 1994 English-language printed identification guide
of the same name (Allen and Robertson, 1994). That book was followed by a
Spanish-language printed edition in 1998 (Allen and Robertson, 1998). Both
these works were succeeded by a dual-language CD-based information system
in 2002 (Robertson and Allen, 2002), which was revised and expanded in
2006 (Robertson and Allen, 2006).
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SYSTEM FEATURES
DUAL LANGUAGE INTERFACES

The system incorporates separate, full-capability Eng-
lish- and Spanish-language interfaces.

AIDS TO VISUAL IMPAIRMENT
The system incorporates two types of aids:

1. Variable map-color formats are available. Users can se-
lect various color schemes designed to accommodate
different patterns of color blindness, including mono-
chrome or color with the ability to select colors.

2. Page layout structure accommodates variation in font
size. Two page layouts are possible—landscape and
portrait. Page structure is stable over a threefold range
in font size.

SYSTEM MODULES
HoME

The home page provides an overview of the capabili-
ties of the system and access to all major modules through
buttons and/or tabs that act as shortcuts (Figure 1). In ad-
dition there are links to several modules not accessible from
other parts of the system: to the Copyright notice, a switch
to change between English and Spanish interfaces, and to
the websites of the Smithsonian Tropical Research Institute
and Coeus, the company that programmed the system.

Each of the authors and major contributors of infor-
mation directly related to the construction of SFTEP has
an individual contributor page, accessible from the Con-
tributors button and from a link at the top of any screen.
In addition, the major contributors of information pre-
sented on each family are noted on each family page.

(GENERAL INFORMATION

General information about Shorefishes of the Tropi-
cal Eastern Pacific Online Information System (SFTEP) is
shown in Figure 2; this module includes three sections.

Introduction

The “Introduction” to the TEP and its shorefish fauna
provides background information on the oceanography of
the region and its marine habitats (geographic and tem-
poral variation in climate, rainfall and salinity, primary
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production and coastal upwelling systems, ocean current
systems, influences of the El Nino cycle, shoreline habitats
and rocky and coral reefs in the region); a history of taxo-
nomic fish guides, major modern guides, global online re-
sources, systematic ordering of the fishes, and the scientific
and common names of fishes); the ecology of TEP shore-
fishes (species that occur in the upper 100 m of the water
column over the continental shelf or within ~50 km of the
shore), their use of different environments and habitats,
their depth-distribution patterns, their dietary groupings,
and their modes of reproduction; and the zoogeography of
the fauna—studies of the region’s zoogeography, resident
versus vagrant species, relationships of the fauna to the
faunas of other areas, distribution of the fauna in differ-
ent climate zones, the geography of variation in species
richness and local endemism throughout the region, and
biogeographic subdivisions of the TEP.

Features & User Guide

The “Features & User Guide” section describes system
features, providing information available on taxon pages,
databases on biological and zoogeographic characteristics,
information used to identify fishes, an interactive glossary
of ichthyological terms, the functioning of the zoogeo-
graphic research engine (comparison of taxon ranges, as-
sembly of faunal lists, determination of local endemism,
assembly of maps of species richness and sampling inten-
sity, assembly of lists of species from predefined parts of
the TEP), the functioning of the interactive library, the
database of images, and credits to contributors.

Acknowledgments
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THE FISHES
A Page for Each Species, Genus, and Family

Information on the members of the fauna is provided
through interlinked species, genus and family pages. Gen-
era and species are ordered alphabetically within each
family, with families being arranged in “phylogenetic”
order. “The Fishes” module provides access to Species,
Genera, and Families pages by browsing within each taxo-
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FIGURE 1. Opening screen and “Home” module.

nomic level, browsing from within a Systematic Tree (with
optional alphabetic or systematic ordering, and optional
use of common or scientific names), browsing from within
a Book Mode (species within genera within families), or
user-selection of level and taxon from pull-down lists.
Family and genus pages include a brief introduction
to systematics, biology, global geographic distribution,
and an estimate of the number of genera and species
worldwide and present within the TEP; a text description

of distinguishing morphological features—black text in-
dicates the least distinctive features for identification
purposes, red text indicates important features, and red
text with yellow high-lighting shows the most important
features (see Figure 3); a database map of the taxon’s
range limits distribution in the TEP (assembled from the
distributional maps of component species) and a list of
component genera and species with links to their pages;
an image of a representative species that has a key feature
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INTRODUCTION TO THE TROPICAL EASTERN PACIFIC AND ITS SHOREFISH FAUNA

R E e 1. THE TROPICAL EASTERN PACIFIC (TEP)

1. THE TROPICAL EASTERN PACIFIC (TEP) ; $ 2 ’ 3
We cover the marine biogeographic region known as the Tropical

2. OCEANOGRAPHY AND MARINE HABITATS OF THE TEP Eastern Pacific (TEP), which encompasses the continental shoreline that
2.1 Climatic variation in the region extends south of Magdalena Bay (~ 25°N) along the outer coast of
2.2 Rainfall and ocean salinity . southern Baja California, throughout the Gulf of California, and down the
22 oty (e e El ffCBhS‘a' upwelling systems | continental coastline to about Cabo Blanco (4°S) in northern Peru. This
23 rn??fennE:;rfpirfg%etfmé:--t'IZTEP region also includes five offshore islands and groups of islands - the
SR e s oy ;{_;p Revillagigedos, Clipperton, Cocos, Malpelo and the Galapagos. Politically
S Rean A el et in tha TEP the region spans all or part of the Pacific coasts of 10 Central and South

HENIERY i o American countries: (most of) Mexico, Guatemala, El Salvador, a small

3. THE SHOREFISH FAUNA part of Honduras in the upper reaches of the Gulf of Fonseca, Nicaragua,
3.1 A short history of taxonomic studies | Costa Rica, Panama, Colombia, Ecuador, and northern Peru, as well as a
3.2 Major medern identification guides tiny piece of French Polynesia in the form of Clipperton Island. The
3.3 Global Online rescurces northern and southern continental limits of this region are defined by
3.4 Systematic order in which fishes are arranged in this system cold currents that flow from the poles along the continental coasts
3.5 Names of Fishes towards the equator and then move away from the coast towards the

3.5.1 Scientific central Pacific at about these points. The northern quarter of the Gulf of
3.5.2 Commen names California also included as part of this tropical region even though it has

a more subtropical to temperate environment and a fish fauna with

O O 7 —HOREEShES significant affinities to the fauna of the temperate Californian Province.

4.1 Use of environments and habitats
4.2 Reef- asscuated fishes
4.3 Soft-bottom fishes
“.aterlcciumn fishes
Use of environments of differing salinities
Depth distribution patterns
Fishes dietary groupings
I1ﬂdes of reproduction
Longevity and size
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.1 Scientific studies of TEP zoogeography
.2 Resident and vagrant species
.3 The size of the fauna

.4 Relationships of the fauna to the faunas of other areas

.5 Distribution of the fauna in different climate zones

.6 Variation in species richness and local endemism throughout the TEP
7 chgevgraphrc subdivisions of the TEP

5.7.1 One, two or three continental provinces?

.2 Continental and island components of the regional fauna

.3 An ocean-island province?
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FIGURE 2. Opening screen from the “General Information” module.
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overlay indicating diagnostic features of the taxon that dis-
tinguish it from similar taxa; and comparisons with simi-
lar taxa. To assist in distinguishing look-alike fishes, each
taxon page includes a button-link that allows the user to
compare images (with key feature overlays) of such taxa.
Each page also includes a list of designated similar fishes (at
the same taxonomic level), with links to their taxon pages.

Species data pages are similar to genus and family pages
but also include multiple images (e.g., juvenile, female, male,
color morphs, specific morphological characteristics) and ac-
cess to a downloadable list of species zoogeographic and eco-
logical attribute data. For example, the Zoogeography tab
includes Global endemism, a species global-scale distribution
and its occurrence outside the TEP; Regional endemism, dis-
tributions of species within the TEP, including TEP endemics
(species that occur only in the region or have the great bulk
of their distributions within it), temperate eastern Pacific en-
demics (whose distributions are primarily to the north and
south of the TEP, in the Californian and Peruvian provinces),
eastern Pacific non-endemics (species that have populations
outside the eastern Pacific, for instance circumtropical spe-
cies). Categories relating to the distributions of species within
the TEP include the occurrence of endemic and non-endemic
species at offshore islands and/or the continental shore,
whether TEP endemics are endemic to the offshore islands
(and which islands) or to the mainland, and to which of the
three mainland provinces (or combinations thereof) each
continental TEP endemic is restricted. Attributes for Climate
zone and Residency (whether the species appears to be a resi-
dent or a vagrant in the region) are also included.

Other species ecological attributes that are presented
include the following:

e the known maximum total length of each species;

® a species’ maximum and minimum depth of occurrence;

e the salinity of environment(s) in which a species occurs;

e the specific habitat(s) a species uses (as well as habitat cat-
egories as defined by FishBase, see www.FishBase.org);

* whether a species is restricted to inshore waters or oc-
curs in offshore, oceanic conditions;

* the position in the water column at which a species lives
(e.g., bottom, surface);

* a species’ feeding group (e.g., carnivore);

* items in a species’ diet (e.g., fishes, pelagic crustaceans,
microalgae);

® a species’ reproductive mode (e.g., different types of
eggs, live birth); and

* a species’ CITES and IUCN REDLIST status.

When information is available (e.g., for diet) for a spe-
cies itself, an “S” is given after the value in the database. In
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cases for which such species-level information is lacking,
the page displays information for the genus (indicated by
“G”), or for the family (“F”) if there is no information for
the genus.

Taxon pages includes direct links to external websites
concerning the same taxon in the following external on-
line sources: William Eschmeyer’s Catalog of Fishes (www
.calacademy.org/research/icthyology/catalog), which pro-
vides comprehensive up-to-date data on the systematics
of fishes; FishBase (www.fishbase.org), which covers a
variety of aspects of the biology of fishes; ITIS, the Inter-
national Taxonomic Information System (http:/www.itis
.gov) and WoRMS, the World Register of Marine Species
(http://www.marinespecies.org), both of which focus on
scientific names of fishes; and OBIS, the International Bio-
geographic Information System (http://www.iobis.org),
which aggregates geo-referenced databases of collection
records of fishes.

WHAT FisH Is THAT2

This module facilitates identification of unknown
fishes using four distinct tools (Figure 4).

Find a Fish

This tool allows users who are not scientifically
trained to identify an unfamiliar fish by choosing among
the following in any order or combination, with the abil-
ity to back-up steps: Where was it?—select location and
size of area in question on a database map—and combi-
nations of Body Shape, Color Pattern, and Colors. Each
step narrows the list of possibilities, with each species on
the possibilities list linked to its image, and hence to its
species page.

Identification Keys Search

Illustrated dichotomous keys are provided for the genera
and species in the two families with the largest number of spe-
cies: Gobiidae (88 species in 27 genera) and Sciaenidae (82
species in 26 genera). Search results link to species pages.

Compare Images of Fishes

This function allows simultaneous comparison of im-
ages of any two to six families, genera, or species selected.
The feature enables users to compare “apples” with “or-
anges,” whereas the comparison of designated similar taxa
on taxon pages limits users to comparing only “apples.”
Resultant images are linked to taxon pages.
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FIGURE 4. Screen capture from the “What Fish Is That?” module.
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Common Names Search

Searches can be made for families, genera, and species
from pull-down lists of common names, with results linked
to taxon pages. The systematic tree or taxonomic hierarchy
(see “The Fishes” module) also functions with the use of ei-
ther common names or scientific names. The use of common
names in this hierarchy helps users who are not scientifically
trained to appreciate the relationships among fishes.

GLOSSARY

An interactive glossary of taxonomic terms is provided
that uses a combination of images and text to explain ba-
sic terms relating primarily to morphological characteristics
that are used in the identification of fishes. In addition the
usage of scientific jargon has been reduced as much as pos-
sible throughout the taxon pages by using simple descriptive
phrases from everyday English to replace technical terms.

RESEARCH ENGINE

This module provides a variety of types of zoogeo-
graphical data and the ability to generate maps and site-
specific species-lists based on complex queries constructed
by the user (Figure 5).

Taxon Range Maps

This feature provides overlaid displays of the regional
ranges of up to three taxa (species, genera, families, or a
mixture thereof). In addition, maps can be generated of
the geographic distribution of all species-range centroids
(both paint and point data) and of all geo-referenced sam-
pling points in the system’s database.

Species Richness Displays

This feature provides maps with color-coded overlays
of patterns of variation in species richness throughout
the region. Those patterns include richness of individual
families and richness of species in specified “functional
groups” (e.g., species sharing one or more biogeographic
and ecological attribute). Richness displays can indicate
either absolute richness (number of species) or relative
richness (number of species as a percentage of the local
fauna). A display of relative sampling intensity indicates
the number of species recorded at minimally one site
within each unit of area (1° of latitude X 1° of longitude)
as a percentage of the number of species whose ranges
encompass that unit.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Species — List Assembly

Family and genus lists can be constructed for single lo-
cations. Species lists for “functional groups™ of fishes for a
particular location can be constructed using any combina-
tion of biogeographic and ecological attributes. Species lists
include both single-location lists and lists of species found or
not found at two locations. The spatial scale of a location in
such a search varies from a single island to an area of vari-
able shape and size, to the entire TEP or map. Locations are
defined by the user employing a library of approximately
300 preformed templates that include geographic entities
(e.g., shoreline, continental shelf, named gulfs), habitat fea-
tures (e.g., mangroves, rocky shores, upwelling areas), is-
lands (individual and archipelagos), biogeographic entities
(provinces of the TEP), political areas (Exclusive Economic
Zones and parts thereof), and marine reserves (individual
reserves, combine country reserves). In addition, quadrants
of varying sizes (12 groups ranging from 0.5° latitude X
0.5° longitude to 24° X 24°) used by the map of the Find a
Fish tool in the “What Fish Is That?” module provide ap-
proximately 5,000 additional [square] templates.

Unconfirmed/Confirmed Occurrences

Single-area species lists indicate both likely occur-
rences (species whose ranges include the selected area) and
confirmed occurrences (species with at least one collection
record in the same area).

Local Endemism Indicator

This feature provides a list of species found only
within one or two template areas, and nowhere else on the
system’s map.

List and Map Exports

Lists and Maps produced by searches are exportable/
printable. Lists may be arranged alphabetically or system-
atically (genera and species arranged alphabetically within
families arranged in systematic order).

Species Range Maps and Range Data

A database map on each taxon page incorporates two
types of data: a two-dimensional painted representation
of the geographic range based on museum and literature
records of occurrence and range maps, and our own field
surveys in Mexico, El Salvador, Costa Rica, Panama, Co-
lombia, Ecuador, the Revillagigedos, Clipperton, Cocos,
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Malpelo, and the Galapagos; and points indicating site
records from museum collections, the scientific literature,
and our own field surveys. Geographic-range statistics
derived from these two offsets of data and presented on
species pages include: latitudinal and longitudinal limits,
ranges and midpoints based on paint data, and, separately,
site records; data on range characteristics derived from
paint data have been adjusted in species that occur in the
eastern Pacific beyond the limits of the system’s base map;
habitat area, based on number of painted pixels in the spe-
cies range map; and separate range-area polygons with
centroids based on painted data and site record data.

Continental Ranges

Comprehensive faunal lists exist for few locations, and
large sections of the coastline and continental platform of the
TEP remain poorly sampled, a situation that will not be recti-
fied in the near future. Hence the range of most species on the
continental shelf is derived from data on the northern and
southern limits of occurrence. Thus painted areas on taxon
page maps represent the potential range and potential habi-
tat area, and a species is assumed to be present in appropriate
habitat anywhere between those limits. Exceptions include
species that are known to have wide gaps in their distribu-
tions, such as some well-known anti-tropical species. Those
gaps are represented in the range maps of such species.

Habitat Area Calculations

Maps constructed for the determination of habitat areas
incorporate information on habitat usage and depth range as
well as the extent of the geographic range. Continental areas
of range maps were modified to exclude large areas of habi-
tat that was inappropriate for the particular species; for ex-
ample, shorelines composed primarily of sand and mud were
excluded from ranges of reef-fishes and rocky shores were ex-
cluded from ranges of fishes living on beaches or in lagoons
and mangroves. The depth ranges of individual species were
also taken into account: ranges of demersal species restricted
to very shallow water (less than ~20 m depth) are indicated
by lines that follow coastlines. For habitat area calculations
of such species, the coastal strip of habitat was taken to be
1 km wide. Ranges of coastal species found in deeper water
on the continental and insular shelves are divided into three
groups: those occurring down to ~60 m have maps that span
the inner continental shelf; species that are limited to depths
below ~60 m occur on the outer shelf; and the third group
has depth ranges (and maps) that span the entire shelf. Maps
for pelagic species variously include parts of the shelf and/or
open ocean, depending on the biology of the species.

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

Mercator Projection Distortions and Adjustments
to Habitat Area Calculations

Mercator projection maps, such as that used in this
system, incorporate distortions of both latitude and longi-
tude that affect estimation of habitat area. In such projec-
tions lines of longitude are shown as parallel rather than
converging with increasing latitude, and lines of latitude
diverge with increasing latitude instead of remaining a
fixed distance apart. When calculating the habitat area for
each species those two distortions were taken into account
by making appropriate adjustments to the areas of indi-
vidual pixels in different latitudinal bands. Range polygon
areas were calculated independently using the GIS (Geo-
graphic Information System) ArcInfo system.

Cleanup of the Geo-Referenced Records Database

Both the scientific literature and databases from muse-
ums inevitably include erroneous records as a consequence
ofmisidentificationoffishesandsites,aswellasbookkeeping
errors. In addition museum specimens of demersal species
include not only individuals collected in demersal habitats
but also larvae collected in the open sea far from adult
habitat, and, in some cases, far from the known adult geo-
graphic range (Robertson, 2008). Records from the multi-
source database of ~67,000 collection site records included
here that were adjacent to the currently known limits of
the geographic range were used to adjust (by expanding)
those ranges. However, we removed from the systems
database those “suspect” records that were well outside
the known habitat and geographic ranges of the “adult”
phase of each species, based on extensive records from
other sources, the biology of the species, and expert deter-
minations of ranges. This cleanup process reduced the size
of the database by approximately 6 %. Points outside the
current range were retained for some species that, because
of overfishing, have had their historical ranges reduced.
For example, historically the mackerel Scomberomus con-
color, which currently occurs only in the northern Gulf
of California, occurred throughout that gulf and also off
California, USA (B. B. Collette, National Marine Fisher-
ies Service Systematics Laboratory, personal communica-
tion, 2008).

LIBRARY

The library database (Figure 6) includes 1,143 cita-
tions. The citation for its original description is included
for each species, along with citations of revisions of genera
and families. Other citations include local and larger scale
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Isla del Coco, Costa Rica. pp.19-23
Bussing, W.A. 1983|Evermannia erici, a new burrowing gobiid fish from the Pacific coast of Costa |Revista de Biologia Tropical, Vol. 31 issue 1,
Rica. lpp.125-131
Bussing, W.A. 1990|Mew species of gobiid fishes of the genera Lythrypnus, Elacatinus and |Revista de Biologia Tropical, Vol, 38 issue 1,
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Bussing, W.A. 1972 Halichoeres aestuaricola, a replacement name for the tropical eastern Pacific
labrid fish, Iridio bimaculata Wilson, with a redescription based on new pp.3-8
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lists of species; identification guides to species; and pub-
lications about the biology and zoogeography of species
inside and outside the TEP. Each citation is linked to the
species it discusses (and hence to appropriate genera and
families).

Exportable lists can be generated for:

e Citations linked to individual families, genera, and
species.

e Species linked to a particular citation.

e Citations linked to a particular author, date, or source
journal.

e The entire bibliography arranged alphabetically by au-
thor name.

RANDOM |IMAGES

The image database incorporates 2,927 images. These
include 2,346 color photographs that cover 83% of the
fauna (1,068 of 1,237 species). In comparison, the 1994
book from which this system was developed included color
images of 683 species and treated only 768 species.

This module presents color images in a randomized
order.

Digital Manipulation of Images

The user should assume that all illustrations used in
this system have been digitally manipulated to some ex-
tent, to increase their utility as identification aids. Such ma-
nipulation includes cropping, image sharpening, changes
in lighting and contrast relationships of different parts of
individual subjects, changes of subject-to-background con-
trast, changes of background to enhance subject visibility,

SMITHSONIAN CONTRIBUTIONS TO THE MARINE SCIENCES

the (occasional) combination of multiple images of fishes
in a montage to provide examples of variation in color pat-
terns within the same image, and minor repairs to fin mem-
branes and removal of body blemishes (scratches, minor
cuts, blood spots) that resulted from capture handling.

Image Credits

All images are accompanied by a relevant ownership
credit, copyright notice, and usage notice. Each image is
accompanied by a link to either the owner’s e-mail contact
or website.
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