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Abstract

Seamounts (undersea peaks in the ocean’s floor) support unique biological communities that are of interest
both as natural laboratories for studying marine biodiversity and as commercially-fished habitats requiring
careful management. SeamountsOnline (http://seamounts.sdsc.edu) is a web resource through which
researchers and managers can access global information on species recorded from seamounts. Users of the
system can access species lists from seamounts of interest, distribution information on species of interest,
sampling effort and method data, and a searchable bibliography of seamount literature. The system is based
on a relational database that holds information in the following main tables: taxonomic names, seamounts,
sampling events, and observations (the recording of a particular species from a particular sampling event).
Features of the system include mechanisms for crediting data providers, versioning with archival of previous
versions, referencing of sources at the data-element level, open source schema and scripts, and participation in
the Ocean Biogeographic Information System (www.iobis.org). A brief example shows how the system has
been applied to describing spatial patterns in fish endemism on the Hawaiian and Emperor seamount chains.
The article is aimed at both potential users of the system interested in seamount data and researchers interested
in database and online information system development for ecological data.

Keywords: Seamount; Ecological information system; Endemism; Island biogeography theory; Database
design, Hawaiian seamounts.

Introduction

SeamountsOnline (http://seamounts.sdsc.edu) is a project aggregating existing data on seamount
biota and making them freely available through an integrated online interface for research,
management, education, and other non-commercial uses. This article describes the data content,
functionality, and system design of SeamountsOnline.

Seamounts are undersea peaks in the ocean's floor — submerged mountains created by volcanism
or tectonic uplift. Though seamounts are strictly defined as rising at least 1000m above the
surrounding seafloor (International Hydrographic Organization, 2001), this definition is not
particularly meaningful biologically, and SeamountsOnline includes data from smaller peaks.
While the true number of seamounts is unknown, they have been found in every ocean basin and
it is estimated that at least several tens of thousands exist (Smith, 1985).
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Seamounts are of interest to ecology and biogeography because many support unique biological
communities and high numbers of endemics (species found on only one seamount or restricted
seamount chain and nowhere else in the oceans to date). Recent large studies have found rates of
endemism of 30 to 40% and more on seamounts off Tasmania, New Caledonia, and Chile (Parin
et al., 1997; de Forges et al., 2000; Koslow ef al., 2001), though other seamounts have lower
rates (e.g. Fock ef al., 2002). It has long been proposed that seamounts may act as centers of
speciation, refugia for relict populations, and/or stepping-stones for trans-oceanic dispersal
(Hubbs, 1959). Because they vary in their community structure and levels of biodiversity, and
also in physical factors thought to be important to biological communities (depth, latitude,
distance from like habitat, primary productivity, dissolved oxygen, etc.), seamounts represent
case studies for understanding some of the fundamental processes that create and promote
biological diversity in the oceans. Synthesizing data across many seamounts is necessary to
approach these questions. But while over 200 seamounts have been sampled biologically, rarely
have data from more than one seamount chain been compared. SeamountsOnline is designed to
provide integrated access to this heterogeneous and distributed body of information to facilitate
synthetic studies.

At the applied level, seamount resource management is a pressing concern. Many seamounts can
support high concentrations of commercial fish, particularly orange roughy (Hoplosthesus
atlanticus), hoki (Macruronus novaezelandiae), oreos (Oreosomatidae), amourhead
(Pseudopentaceros ~ wheeleriy and rockfish  (Sebastes) (Probert et al, 1997
WWE/TUCN/WCPA, 2001; Dower and Perry, 2001). Many of these have not been managed
sustainably (Koslow ef al., 2000, Stone ef al., 2003). Furthermore, bottom trawling has been
demonstrated to be highly destructive to the epifaunal communities of deep corals, sponges,
crinoids, hydroids, etc. found on seamounts (Koslow ef ¢/, 2001). In some cases, corals may be
over 100 years old (Rogers, 1999), indicating that the recovery time from disturbance may be
extremely long. Countries including the United States, Australia, and New Zealand have begun
siting marine protected areas on seamounts, and the United Nations Informal Consultative
Process on the Ocean and the Law of the Sea is considering several proposals to create a policy
mechanism for protecting seamounts in high-seas waters. Decisions about managing and
protecting seamounts can be improved by access to the best available scientific information on
seamounts.

SeamountsOnline (http://seamounts.sdsc.edu) began in 2000 with funding from the US National
Science Foundation as a way to meet the information needs of seamount researchers and
managers. It is a work in progress and it is continually expanding. While it was created
specifically for seamount information, the overall system design could be applied to a variety of
habitat-specific, species-level distribution datasets. Today, the number of groups seeking to
share ecological information through the web is increasing, as is the time spent designing and
implementing new systems. A description of the SeamountsOnline system is given here, along
with a discussion of some of the main design decisions, in the hopes that it may prove useful to
others setting up similar projects.
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System description and funtionality

Data content

SeamountsOnline is designed to hold species-level observations from seamounts. The core data
within the system consists of a record that a particular species was observed or collected on a
particular seamount. This will be called an ‘observation’ throughout this paper. The database
can hold observations where only a genus- or family- level identification is given, but does not
hold information for observations identified to higher taxonomic levels or to other biological
categories (e.g. ‘zooplankton’). All metazoan taxa are being included. Supporting each
observation are data on how, where, and when the observation was made. Both
presence/absence data and quantitative data can be accommodated.

SeamountsOnline is a continually-growing system, and the data content is by no means
complete. At the time of writing (5/2003) the database held ~8500 observations on ~2000
species and ~110 seamounts (Fig. 1). Coverage is most comprehensive for fishes and crustacea
on the Hawaiian/Emperor/Mid-Pacific seamounts, fishes and invertebrates from the Nasca/Sala-
y-Gomez chain and the Norfolk Ridge seamounts, and fishes from the Great Meteor Seamount.

The majority of the data in the system have come from literature publications that have been
hand-entered by the SeamountsOnline staff. For quality control, only data that have been
published in peer-reviewed literature or by recognized government or research organizations are
used. Additional valuable holdings have been provided as electronic datasets by seamount
researchers and institutions. SeamountsOnline thanks those who have already stepped forward to
contribute their electronic datasets: Bertrand Richer de Forges and collaborators for the
ORSTOM data from the Norfolk Ridge (summarized in de Forges ef al., 2000), Heino Fock and
collaborators for the Great Meteor Seamount fish data (Fock ef al., 2002), George Boehlert for
ichthyoplankton data from Hancock Seamount (Boehlert and Mundy, 1992), and the Scripps
Institution of Oceanography's Vertebrate and Benthic Invertebrate Collections
(http://collections.ucsd.edu).

Functionality — using the system

The SeamountsOnline web site has three avenues through which users can retrieve data, as
described below.

Search for species. Through this avenue, the user can specify 1) a species or genus of interest
and/or 2) either a particular seamount by name or a geographic area by latitude and longitude
bounds. By searching on a species or genus name the user will retrieve all seamount locations
where that taxon has been found. By searching on a seamount name or region, the user will
retrieve all species that have been recorded from that place. The default returned data table
contains the taxonomic name (genus, species, subspecies [where applicable], and authority),
seamount name, latitude and longitude with precision estimate, and the author(s) and publication
year of the original data source. Optional fields that can be included are family and phylum
name, depth of capture, date collected, number collected, and the full bibliographic citation for
the source data. Each observation includes a sample number that is live-linked to the full sample
information (see below). The results from a search can be downloaded either as a tab-separated
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text table or as an Excel file. Users can choose to download the default core of information, or
can select additional optional fields to include. They can also choose to download the full
sample information associated with each observation, either as one merged table or as separate
species-observation and sample tables.

Search for samples. This avenue is designed to give information about how thoroughly a
particular seamount has been sampled. This information is important for evaluating whether
species lists are complete and representative, and whether data are comparable between
seamounts. For example, if a seamount of interest has only been sampled with a bottom trawl,
then the absence of a particular pelagic species from the observations does not necessarily mean
that the species is not present there. To search for samples, the user selects a seamount of
interest and retrieves a list of all the samples known from that seamount. The returned data for
each sample includes, where available, the date(s) taken, the latitude and longitude location with
precision, the depth, the depth zone (i.e. benthic or midwater), whether the sample was
quantitative, the station or sample name/number given in the original data source, the gear used,
the taxonomic groups recorded (e.g. ‘only fish were counted’), the cruise and vessel, and the
individual or institution taking the sample (Fig. 2). The full set of results from a given seamount
can be downloaded as either a tab-separated text file or as an Excel file.

Search References. In the process of building SeamountsOnline, over 1000 bibliographic
citations relating to seamounts have been collected and entered into a commercial reference
manager database. Users can search this bibliographic database for authors, seamount names, or
other terms of interest. The result of a search is a text list of references with the author, year,
title and source given for each reference. This can be downloaded by copying from the screen
and pasting to a local application. There is also a feature for downloading the entire
bibliography as a text file in the same format as the screen return. The coverage is strongest for
biological aspects of seamounts but also includes some references about seamount geology,
hydrology, etc.

System design

SeamountsOnline is based on a relational database designed for this project. Two versions of the
database exist: data are initially entered into a desktop version in Microsoft Access and then
periodically ported over to an Oracle version for serving. The Access and Oracle versions differ
in that the Access version is designed for maximum ease and quality control of data entry and
the Oracle version (in which no data entries or edits are done) is designed to maximize query
speed and performance. The query interface was programmed in Perl/CGIL All scripts are
available upon request to the author (for non-commercial uses); the database schema can be
viewed from the ‘Database Design’ menu button on the SeamountsOnline home page.

The primary tables of the relational database are described below. In addition, each table
contains the following fields for use in data management: the source of the data (as a reference
number that links to the bibliographic database), the person who entered the data, the date of
entry, the person who checked the data for correctness, the date of checking, the date of last edit,
in-house comments about data entry, and a field for general notes.
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Fig. 2. Example of the data returned from a ‘Search for Samples’ (information from just one of
multiple samples is shown).

Name. This table holds information about a taxonomic name including genus, species,
subspecies (if applicable), and authority with year. In the Access version, the name is linked
hierarchically to Family, Order, and Phylum tables. In the Oracle version, the higher taxonomic
levels are incorporated into the Name table. All taxonomic names are entered as given in the
original data source. The author is currently working on linking names to current valid names
using the Catalog of Life (www.sp2000.org) and the taxonomic literature. Information on the
geographic range of each species and whether it is a seamount endemic is also under
development.

Seamount. This holds information about a particular seamount including name(s), seamount
chain and region it is in, the central latitude and longitude with precision estimates, and the
minimum depth. In development are fields for substrate type, geological age, seamount shape
(i.e. plateau, pinnacle, etc.), surface area ofthe summit, and number of summits.

Sample. Information about each sampling event is held in this table. Sampling events can
include both physical collections (net hauls, trap deployments, benthic cores, fisheries records,
etc.) and visual observations (direct observation, video, and still photography). The data
elements from this table are the same as those described in the ‘Search for Samples’ part ofthe
Functionality section, above. This table has the flexibility to hold both point samples and line
samples (i.e. net hauls with a start and end latitude and longitude). In development is a
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‘seamount zone’ feature that characterizes whether the sample was taken from the top, sides, or
base of a seamount. Each sample is linked to a seamount in the Seamount table.

Observation. This is the core of the database. It links a species from the Name table to a sample
in the Sample table to record when and where a particular species was found. Supporting this
are data, when available, on the person who made the identification, the identification guide/key
used, the museum and accession number of any specimens that were preserved, the number
found, and whether adults, juveniles, larvae, gravid females and/or eggs were recorded.

Supporting these tables are a few smaller tables including Expedition, which records
information on major cruises; Institution, which gives the location and contact information for
places where specimens are held; and Person, which gives the institution and address of people
acting as identifiers of specimens or as chief scientists on cruises.

Design considerations

With recent improvements in internet connectivity and database technologies, efforts to
integrate, organize, and distribute digital scientific data are increasing greatly. These efforts
include large-scale projects like the Global Biodiversity Information Facility, but also many
small-scale systems developed by individual researchers and small groups who may not have
formal training in information system development. How these systems are structured and
handled may greatly impact their utility and the support they receive from the research and
management communities. Below are listed some of the system decisions that the
SeamountsOnline team felt were critical to creating a robust system, and the rationale behind
each decision. They are offered in the hope that they may assist others in developing their
systems.

Credit for data providers. For large-scale or multi-taxa datasets it is rare that all the pertinent
data are collected by a single research effort. By nature, therefore, database compilation often
requires the integration of data from multiple sources. The data providers often have little
incentive to share their data. While SeamountsOnline cannot compensate data providers, it does
seek to give visible credit to the original providers of data. All data served through
SeamountsOnline have a tag citing the original data source. Users of SeamountsOnline must
agree to cite the original data source before they can search the system. While SeamountsOnline
has no means to enforce this agreement, it at least assures data providers that the system is not
seeking to take credit for their work.

Versioning. One of the primary purposes of SeamountsOnline is to act as a data resource for
scientific research on seamount ecology. It is important for publishing researchers to be able to
cite the data from which they drew their results, and for later researchers, perhaps trying to
reproduce results, to be able to retrieve exactly those data. For this reason, data updates in
SeamountsOnline are done periodically, each update is given a version number, and all previous
versions are permanently archived at the San Diego Supercomputer Center and are available on
request. Operationally, this is done by having a desktop version of the database which is
continually updated with new data entries, and a separate version on the server that is updated
intermittently from the desktop version.
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Sampling effort information. In order to understand the distribution of a species it is important
to know not just where it is found but also where it is not found. By tying observations to
information, where available, on how the sample was taken and what groups were recorded (e.g.
‘all cephalopods’ or ‘commercial fish only’) SeamountsOnline assists users in determining
whether the absence of a particular species is due to a lack of sampling or to a potentially true
biological absence. In addition, it allows the users to re-create the species lists from particular
samples to look at, for example, the rate of new species accumulation with increased sampling.

Habitat focus. SeamountsOnline is organized along the theme of a particular habitat type. By
linking observations to an identified feature in the Seamount table, it allows information to be
held about that feature, such as geological age, bottom type, etc. This same approach may be
useful for other databases that focus on spatially-discrete geographical locations, such as islands,
hydrothermal vents, trenches, seagrass beds, etc.

Data source referencing. All data items within SeamountsOnline are supported by a reference
for the data source. This gives the flexibility to link multiple elements within one record of a
table to different references (i.e. the source for the minimum depth of a seamount may be
different from the source of the latitude and longitude of that seamount). References of many
kinds, including unpublished datasets and web pages, can be recorded in the system.

Open data/Open source. SeamountsOnline has made a commitment to be an open-source
system. All code and system designs are freely shared (for non-commercial uses only), and can
be requested from the author. Most people developing ecological or biogeographic datasets are
interested in ecology and not in information science and programming. While documenting
scripts and database schema appropriately for an outside person to use takes time, the discipline
overall will be best served by leveraging from past work.

Compatibility. As the ability and inclination of small groups to post their data on the internet
grow, organizing elements will be necessary to create pathways through the large and
heterogeneous volumes of data that emerge. The world of biological information is quickly
organizing itself through new data warehouses and large ‘umbrella’ projects. Groups like the
Ocean Biogeographic Information System (www.iobis.org), the Global Biodiversity Information
Facility (www.gbif.org), and the US National Oceanographic Data Center (www.nodc.noaa.gov)
are working to facilitate access to biogeographic data. Linking in or registering with these
umbrella sites allows smaller datasets to be found and used more easily. To this end,
SeamountsOnline has become a participant in the Ocean Biogeographic Information System, a
globally-distributed network of marine systematic and ecological data resources (Zhang and
Grassle, 2002). All data within SeamountsOnline can be searched and viewed through the main
OBIS data portal at www.iobis.org. For information on taking part in OBIS, please visit the
OBIS web site.

Example application: Hawaiian fish endemism

The data within SeamountsOnline are currently being used to look at patterns of endemism on
the Hawaiian and Emperor Seamount chains (Fig. 1). Data from 17 published studies on these
seamounts and one online data resource were entered into SeamountsOnline (Barsukov, 1973;
JAMARC, 1973; Katayama, 1975; Chen, 1980; Gooding, 1980; Nakaya et al, 1980;
Kanayama, 1981; Dolganov, 1982; Nakabo ef al., 1983; Parin and Mikhailin, 1983; Yabe,
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1983; Humphreys et al., 1984; Uchida and Tagami, 1984; Randall and Chen, 1985; Borets,
1986; Uchida and Uchiyama, 1986; Chave and Mundy, 1994; Froese and Pauly, 2002). Then,
the ‘search for species’ option was used to sequentially select seamounts of this chain and return
all species observations associated with that seamount. For each seamount for which more than
10 fish species were recorded, the table of observations was downloaded and imported into
Excel. From this a species list was created for each seamount.

Then, each of the 213 fish species found was designated as a potential endemic or not based on
the known distribution as found in the above sources plus: Jordan and Evermann (1973), Tinker
(1978), Boehlert and Sasaki (1988), Blum (1989), Masuda et al. (1992), Pequefio (1997),
Randall (1998), Castle and Smith (1999), Randall (1999), Randall and Lim (2000), Shinohara er
al. (2001). Endemics were separated into two categories: those found only on seamounts of the
Hawaiian/Emperor chains, and those found on these seamounts and also around the Hawaiian
Islands. (Endemicity information is currently being added to the SeamountsOnline database, but
is not yet available through the web site.) From these data, the total percent endemic species
was calculated for each seamount. Absolute numbers of endemics were not evaluated because
the sampling effort varied greatly across seamounts and in some cases was not well documented.
Percent endemic species was regressed against both the depth of the seamount summit and the
distance from the main island of Hawaii as measured in degrees of latitude/longitude.
Regressions were run using Statistix 7 analytical software (www.statistix.com).

Overall, 5% of the fish species found on these seamounts are known only from the seamounts of
the Hawaiian/Emperor Chains and an additional 12% are known only from these seamounts or
the Hawaiian Islands, for a total of ~17% endemic to the area. For those species endemic to both
the islands and seamounts of Hawaii there is a significant relationship with distance away from
the main island of Hawaii and with depth of the seamount (Fig. 3) (P<0.01 for both). Note that
depth and distance are correlated on this seamount chain. The relationship with distance is what
would be predicted from a simple application of Island Biogeography Theory (MacArthur and
Wilson, 1967), assuming that the islands of Hawaii, which have much more habitat area than the
small seamount peaks, represent the main pool of species. While a causative factor cannot be
determined from this work, it is an example of how a clear spatial pattern can emerge from the
compilation of datasets that are each too small to show any pattern alone.

The future of SeamountsOnline

SeamountsOnline is a continually-growing project designed as a permanent archive and
distributor of data from seamounts. The San Diego Supercomputer Center has committed to
providing permanent server access to this database, and the Ocean Biogeographic Information
System will perpetuate data maintenance in the event the author no longer can.

However, the growth of the SeamountsOnline dataset, and thus its utility to the community, will
rely greatly on the willingness of researchers to share their datasets. While data can be entered
by hand from literature publications, literature data are often summarized and lose resolution.
Furthermore, manual entry of data from the literature is extremely time consuming. If
researchers are willing to provide electronic datasets (in any format) to SeamountsOnline, the
system will be able to incorporate them efficiently and continue to grow in the coming years.
SeamountsOnline is grateful to those researchers, named in the Data Contents section above,
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who have already given data to the system. If you have species-level sampling data from
seamounts and are interested in providing them to SeamountsOnline, please contact the author.
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Fig. 3. Percent endemism in fish species from seamounts of the Hawaiian and Emperor chains
compared fo A) depth of the seamount summit and B) distance from mainland Hawaii in
degrees. R’ values are for linear regressions. P<0.01 for both regressions.
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