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Abstract

Background

In this paper we present SES Dashboard, a linked data platform developed to manage

information of Southern Elephant Seals (Mirounga leonina Linnaeus, 1758) from Península

Valdés colony (Patagonia, Argentina), collected over more than two decades of research.

Southern elephant seals spend most of their time foraging at sea, alternating with two short

and  highly  synchronized  haul-outs  ashore  for  breeding  and  molting.  On  land,  the

distribution of the colony extends along ≈350 km, while at sea individuals travel thousands

of  kilometers The  information  recorded  is  mainly  based  on  georeferenced  data  from

censuses,  bioregisters  (trajectories  at  sea and hydrographic  profiles),  and bibliography

based on the above data.

New information

SES Dashboard was released in 2021 and published following the principles of Linked

Open Data to improve its visibility, to make it shareable, extensible and easily reusable

through a SPARQL endpoint.
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Introduction

The Southwestern Atlantic Ocean, particularly its subpolar and polar coastal environments,

is relatively understudied compared to other regions of the planet. While there has been

some scientific research conducted in this area, much of it has been limited in scope and

duration. Several factors contribute to the limited study of the Southwestern Atlantic Ocean.

One of the main reasons is its remote location and challenging environmental conditions.

The subpolar and polar coastal environments are characterized by harsh weather, strong

winds, and cold temperatures, making it difficult for researchers to access and operate in

these areas for extended periods. This represents a serious gap in our knowledge for the

construction of global models in predicting future climate scenarios among other purposes

(Hatje et al. 2021). In this context, there is an enormous challenge and an urgent need to

increase  the  data  acquisition  efforts  in  these  latitudes,  to  further  understand  climate

change effects on marine ecosystems. 

Studies  combining  data  loggers  and  satellite  remote  sensors  deployed  on  marine

vertebrates have revolutionized our view of the ocean and cleared up intricate associations

between the physical environment, productivity, and foraging ecology of the main migratory

predators (e.g. Hatje et al. 2021, Polovina et al. 2004, Hindell et al. 2020). Large marine

ecosystem  have  been  explored  in  situ using  various  species  of  pelagic  predators  as

oceanographic  platform,  such  as  giant  bluefin  tuna  (Block  et  al.  2005),  penguins  (

Charrassin et al. 2002), and marine mammals (e.g. Fadely et al. 2005, Treasure et al. 2017

). Results range from detailed depth temperature profiles (for example, Boyd et al. 2001) to

mesoscale characterization of oceanographic features, such as eddies and meanders (

Sokolov  et  al.  2006). Among  the  wide  range  of  species  involved,  foraging  Southern

Elephant Seals (SES) combine deep diving with long distance travel, covering thousands

of kilometers across a wide range of oceanographic regions for up to 7 months at sea (Le

Boeuf  and  Laws  1995).  The  GEMMA  research  group  (Grupo  de  Estudios  de

Macroecología Marina-CESIMAR-CENPAT-CONICET) addresses different aspects of the

marine  ecosystem,  taking  SES as  model  for  biological,  oceanographic  and  ecological

studies (Retana 2013, Muelbert et al. 2013, Ferrari et al. 2012). The study area covers a

variety of habitats and environmental gradients in sectors of the Argentine coast and the

Southwestern Atlantic Ocean, including the continental shelf and slope and adjacent ocean

basin. The methodology includes satellite technology and miniaturized devices for spatial

ecology, animal movement and environmental data recording as well as direct biological

data  sampling. All  these  surveys  generated  a  database  with  years  of  information  and

requires  a  web platform for  its  friendly  use.  SES Dashboard  is  currently  designed for

researchers who work specifically with Mirounga leonina from the Valdés Peninsula (PV) in

the Chubut Province (Argentina), although the model is sufficiently generic to be adapted

to other colonies and other species of marine mammals. Also, the hidrographic profiles

recorded by the satellite instruments describe oceanographic features in the mesoscale

adequate to analyze the behavior of different species in a useful way. Specifically, 9 adult

females were used as sampling platforms, counting 3183 dives which were carried out
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between 1994 and 2008. The data from terrestrial  censuses were carried out between

1990  and  2017.  This  platform  provides  support  for  decision-making  related  to  the

conservation of  the species inhabiting the Southwestern Atlantic Ocean. Also, the 2021

version was published following Linked Open Data (LOD) principles (Janowicz et al. 2014),

which  allows  increasing  the  intended  audience  by  reusing  of  data,  so  the  range  of

possibilities is broadened. In the following sections we present the main features of data

management, the underlying technologies, and the way to publish the data as LOD, and

finally we discuss the potential use and reuse of data.

State of the art

According to a thorough literature review, we did not find specific SES data repositories or

data management systems that meets LOD criteria.

However, we surveyed the following: Marine Mammals Exploring the Oceans Pole to Pole

(MEOP; Treasure et al. 2017) initiative, which is a consortium of international researchers

dedicated  to  sharing  animal-derived  data  and  knowledge  about  the  polar  oceans.

Collectively,  MEOP  demonstrates  the  power  and  cost-effectiveness  of  using  marine

mammals as data-collection platforms that can dramatically improve the ocean-observing

system for biological and physical oceanographers. In this case, the published data does

not comply with LOD principles, which limits its exploitation by machines. 

Burton  et  al.  (2017),  this  database  is  a  compendium of  histories  of  known age  seals

(Southern  elephant)  from  observations  across  the  Southern  Ocean  but  focussed  on

Macquarie Island, Marion Island, Heard Island, Mawson and the Vestfold Hills.  Another

initiative that is important to mention is Movebank (Kays et al. 2022), a free online platform

for storing, sharing, and analyzing animal movement data. It was developed by the Max

Planck  Institute  of  Animal  Behavior  and  is  now  managed  by  the  Movebank  Data

Repository, which is a collaborative project of multiple research institutions. The platform

allows  researchers  to  upload  and  share  data  from  GPS  tracking  devices,  radio

transmitters,  and other  sensors attached to  animals.  The data can then be visualized,

analyzed,  and  used  to  understand  animal  behavior,  migration  patterns,  and  other

ecological and conservation-related research questions. Movebank has become a valuable

resource  for  the  scientific  community,  providing  a  centralized  database  of  animal

movement data from all over the world. In this case, the published data does not comply

with LOD principles, which limits its exploitation by machines.

Regarding systems that base their data model on LOD principles (Janowicz et al. 2014),

we can mention:  OpenBiodiv  Knowledge Graph (Penev et  al.  2019),  presented at  the

annual conference of the Biodiversity Information Standards (TDWG) in 2016, is based

mainly on data from Pensoft and Plazi. This means that the coverage of this work mainly

focused on the bibliography associated with the taxa.

Ozymandias Knowledge Graph (Page 2018), winner of the GBIF Ebbe Nielsen Challenge

2018, is based on data from the Atlas of Living Australia (ALA) and Australian Faunal

Directory (AFD). This knowledge graph combines information about taxa, publications, and
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authors along with their interrelationships. The third system, Biologer (Popović et al. 2020),

is  a  simple  and free-access  system designed to  collect  data  on biological  diversity  of

Eastern  Europe. This  system  does  not  use  LOD  principles  and  neither  provides

bibliographic information associated with species.

All  projects  manage  taxa,  persons,  and  institutions  and  have  practical  applications.

Nevertheless, only Page (2018) and Penev et al. (2019) make use of LOD principles. For

this reason, we discarded (Popović et al. 2020), because developing a system that does

not  use  LOD  as  a  backend  can  be  considered  a  disadvantage  when  it  comes  to

interoperating and complying with the FAIR principles (findable, accessible, interoperable,

reusable;  Wilkinson  et  al.  2016).  However,  in  contrast  to  our  approach,  Ozymandias

Knowledge Graph and OpenBiodiv Knowledge Graph do not provide visual components

(such as maps) for studies involving species and environmental variables.

Project description

Title: SES-Dashboard

Study area description: Animal behavior

Proposed dashboard 

The main goal to develop our dashboard is to provide satisfactory visual analytics to users

in a way such that data can be reused and interpreted by other applications. For this we

must comply with the FAIR, at least partially. Initially this development used data in CSV

format extracted from a MySQL relational database as data source. Due to the semantic

and reuse limitations of this approach, we decided to carry out a conversion process of

these data to LOD (see the Data transformation process subsection below). After this step,

the links obtained from the conversion process were incorporated into the dashboard so

that the application had the possibility of redirecting to the machine-readable version of

each data displayed.

Achitecture overview 

The architecture of our application is based on the client/server model (Adler 1995), where

the first side (client) performs requests that are processed by the second part (server) to

provide suitable responses. The server side was developed using Shiny (Chang et al. 2023

) which is a powerful R package that allows to create interactive web applications using the

R  programming  language.  Shiny  applications  have  two  components.  The  front-end

component builds the web page that is actually shown to the user and includes layout,

appearance, and design features. In Shiny terminology, this is called the ui, which stands

for user interface. The ui file contains R functions that are then translated into an HTML

file. The other component is the back-end, which includes the code for producing the app’s

contents (e.g. functions or data import, management, and analysis). Here, we create the

objects that are later shown on the front-end. In Shiny terminology this is called server.
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Dashboard development 

SES dashboard was developed to querying the statistics of the dives and the trip routes.

We used the R flexdashboard package (Sievert et al. 2022) to generate web pages based

on an R Markdown document (Xie et al. 2018). To query our endpoint we use the SPARQL

Package that  allows  to  directly  import  results  of  SPARQL  SELECT  queries  into  the

statistical environment of R as a dataframe. The following section describes each module

of the dashboard.

1. Diving statistics: When an instrument is attached to record diving data (depth,

time, water temperature, etc.) the device is programmed to sample at certain time

intervals.  After  being  recovered,  the  data  is  downloaded,  pre-processed to  find

anomalies and then stored in a relational database or csv files so that the user can

apply basic statistics that describe the dives or analyze each dive in particular (Sala

et  al.  2011).  This  module  summarizes  the  diving  statistics  made  by  all  SES

(maximum depths  recorded,  number  of  dives,  maximum temperatures  and  the

number of platforms, i.e. SES individuals), and the detailed information for each of

the used sensors. The view is shown for nine SES individuals in Fig. 1. The dive

summary is detailed at the top side, sensors and instruments used are tabulated at

the bottom left side, and the number of dives made by each platform are plotted in

a bar graph at the bottom right side. The ggplot library (Villanueva and Chen 2019)

was  used  for  bar  charts.  The  platforms  and  their  sensors  have  links  to  their

description in LOD format,  i.e. the dereferenced version of  the sensor in HTML

format, and the machine readable RDF version. These representations are shown

in Fig. 2 for the sensor of individual coded ANIC. 

2. Dive Analysis: The dive analysis module shows the variables of interest registered

by platform during dives. Temperatures and depths, as well  as duration can be

displayed. Fig. 3 shows the screen of analysis reports of the dives made by the

SES  coded  ANID,  with  different  variables  captured  by  the  instruments  (e.g.

maximum depth, duration, surface temperature, etc) plotted against the number of

dives on the X axis. The line chart for this screen was built using plotly library (

Sievert et al. 2022).

3. Trip analysis: This module retrieve the trips made by each platform and displays

them  on  a  map  generated  with  leaflet  library.  At  each  point  of  the  trip,  dive

information  and data  associated with  depth,  temperature  and duration  are  also

displayed. A tool is provided to measure distances and areas in km. Fig. 4 shows

the view of the trip analysis for a specific individual (coded ANIF), and the icon to

measure distances and areas at the bottom left side of the screen. 

4. Cluster Analysis: This module provides a spatial  cluster analysis using dbscan

package (Hahsler  et  al.  2019),  as  a  tool  to  understand the distribution of  SES

based on Density Based Spatial Clustering of Applications with Noise (DBSCAN;

Ram  et  al.  2010,  Sander  et  al.  1998). In  this  case,  an  ε value  (i.e.,  the

neighborhood radius around a data point) of 0.11 and a MinPts (i.e., the amount of

datapoints  within  each  radio)  of  10  were  chosen.  The  algorithm starts  with  an

arbitrary point in the dataset. If the neighbor points within the radius are more than
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10, then the algorithm considers them to be part of a cluster. Then, it recursively

expands the cluster by checking if all the new points have more than the selected

MinPts neighbor points within the radius. Eventually, it runs out of points to add to

the cluster. Then, by choosing a new arbitrary point, the process is repeated. If a

data point has fewer neighbors than MinPts, it will be considered as a "noise". After

this process is completed, all  points are either in a cluster or considered noise.

In Fig. 5 a view with this specific geospatial analysis is shown. 

5. Census statistics: This module allows the visualization of basic statistics of the

primary data collected during censuses from 1990 to 2017. During the census, only

the number of individuals that can be counted visually is recorded, this means that

SES are not individualized. Ground censuses were carried out at the peak of the

breeding  season (first  week  of  October),  when approximately  96% of  breeding

females were ashore (Campagna and Lewis 1992). Surveys on foot encompass the

nearly 200 km of open sea shoreline front occupied by breeding seals in PV and

additional sectors softhware (≈150 km), outside PV. However, censuses may not

have been consistent regarding date and surveyed sectors along the years. A chart

was developed with the ggplot module to plot an histogram of the annual numbers

of  SES  present  at  the  peak  of  the  breeding  season  of  each  surveyed  year,

discriminated by age category (see Fig. 6). 

6. Bibliography: The purpose of this module is to register and maintain an updated

record of the scientific production related to southern elephant seals generated by

GEMMA  researchers.  A  table  is  presented  with  the  list  of  all  publications  as

scientific  papers,  books  chapter,  or  reports. It  is  possible  to  search  using

parameters such as author, text included in the title or abstract, keywords, DOI,

year, etc. Fig. 7 shows these options. It is important to track which SES individuals

were included in a publication, either because their data is used for some analysis,

plot on a map, etc. SES Dashboard allows also to create links between the SES

and its associated publications.

Web location (URIs)

Homepage:  https://cesimar.shinyapps.io/SESDashboard/ 

Download  mirror:  https://github.com/marcosdzarate/ses-dashboard/archive/refs/heads/

master.zip 

Technical specification

Platform:  Web (shinyapps.io)

Programming language:  R 

Service endpoint:  https://linkeddata.cenpat-conicet.gob.ar/snorql/ (Snorql interface)
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Repository

Type:  github

Browse URI:  https://github.com/marcosdzarate/ses-dashboard 

Usage licence

Usage licence: Creative Commons Public Domain Waiver (CC-Zero)

Additional information

Data transformation process

To perform the data transformation, the D2RQ Platform is used (Oldakowski 2011). This

consists  of:  1) D2RQ  Mapping  Language,  which  is  used  to  write  mappings  between

database tables and RDF vocabularies or OWL ontologies (Hitzler et al. 2009), 2) D2RQ

Engine, a SPARQL-to-SQL rewriter that can evaluate SPARQL queries over your mapped

database, and 3) D2R Server, a web application that provides access to the database via

the SPARQL protocol, as Linked Data, and via a simple HTML interface. D2RQ runs at http

://linkeddata.cenpat-conicet.gob.ar in  back-end  to  browse  structured  data. The  SES

dashboard dataset can be downloaded from DOI:10.17632/5nv5c7575w.3, navigated and

queried using a SPARQL endpoint http://linkeddata.cenpat-conicet.gob.ar/snorql/, and it is

published  under  Creative  Commons  Universal  Public  Domain  Dedication  (CC0  1.0)

License.

Discussion

In this section we discuss the aspects related to fulfillment of LOD principles and aspects

related to the underlying semantic model used by SES dashboard. LOD (Bizer et al. 2011)

is an idea stemming from the Semantic Web (Berners-Lee et al. 2001), aiming to ensure

mthat data published on the Web is reusable, discoverable, and more importantly, that data

published by different entities can work together. LOD principles are summarized in:

1. The use URIs as names for resources.

2. The Use HTTP URIs so people can look up these resources.

3. The supply of useful information using the standards (RDF, SPARQL) when using a

URI.

4. The inclusion of links to other URIs to help users to discover more resources.

Usage of URIs as resource identifiers 
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Each  instance  is  uniquely  identifiable  by  an  HTTP URI.  For  example,  the  result  of  a

measurement of the average depth of the water column measured by an instrument can be

identified  as  http://linkeddata.cenpat-conicet.gob.ar/data/result/id-233/avg_depth.  All

instance identifiers follow this schema.

Usage of HTTP URIs and dereferencing 

According with linked data principles, dereferenceable HTTP URIs for our resources was

used. For example for the average depth URI shown above, a human-readable version of

the  dereferenced  version  using  the  URL:  http://linkeddata.cenpat-conicet.gob.ar/page/

result/id-233/avg_depth was generated to dereference the URI.

Linking to other resources 

First, all  resources in the dataset form a Knowledge Graph (there are no disconnected

parts)  (Hogan  et  al.  2021),  following  a  data  model  discussed  in  the  next  subsection.

Second,  resources  are  linked  to  external  databases  via  properties  like owl:sameAs, 

skos:broader and skos:exactMatch. These identifiers can be: ORCIDs, Wikidata entities,

DBPedia resources, NERC vocabulary server ID's, etc. We have created links between

people and their ORCID records, publications and their OpenCitations records, and the

environmental  variables  were  related  to  the  identifier  in  NERC. For  example,  average

water  temperature  corresponds  to  the  NERC  identifier SDN:P02::TEMP through 

skos:broader property.  (See:  http://linkeddata.cenpat-conicet.gob.ar/resource/

observableProperty/id-233/avg_temp).

Availability, sustainability, and licensing 

The SES dataset can be downloaded, navigated and queried using a SPARQL endpoint,

and it  can be published under Creative Commons Universal  Public Domain Dedication

(CC0 1.0) License. All the criteria for five star Linked Data are met, as defined in (Janowicz

et al. 2014). A description of the data online, an RDF version of the data, many links to

structured  vocabularies,  and  metadata  about  the  collection  is  all  made  available. Our

dataset  characteristics  are  listed in Table  1. To explore  the dataset  using the SPARQL

endpoint, we have developed a set of queries to answer the most common questions that

researchers need to answer. For example, number of dives, trips, and values of certain

environmental  variables. A  summary  of  the  developed  queries  and  their  corresponding

links to the endpoint are presented in Table 2.

FAIR compliance 

The previous version launched in 2018 of SES Dashboard is not 100% compatible with the

FAIR principles,  which makes it  difficult  to reuse.  Due to this  limitation,  we decided to

promote the publication of the data as LOD in 2021. The LOD dataset was a conversion

from the data contained in SES database into Resource Description Framework (RDF).

Berners-Lee suggested LOD principles for judging data quality by its accessibility (open

data access), format and structures, and interoperability with other data sources. The FAIR

data  principles  have  been  introduced  for  similar  reasons  with  a  greater  emphasis  on
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achieving  reuse. LOD  gives  a  clear  mandate  to  the  opening  of  the  data,  while  FAIR

requires an established licence for access and therefore includes the concept of reuse

under consideration in the licence agreement. In addition, FAIR makes a strong reference

to  contextual  information  required  to  improve  data  reuse.  In  accordance  with  LOD

principles, such metadata would be considered interoperable data as well, however the

requirement to augment the data with metadata indicates that FAIR is an extension of the

LOD (Hasnain and Rebholz-Schuhmann 2018). 

Conclusion

We  have  presented  SES  Dashboard,  a  web  platform  capable  of  exploring  the  data

collected by GEMMA research group. Each module contributes directly or indirectly to the

knowledge of the temporal and spatial variation of the SES colony. This platform sorts and

synthesizes information and allows quick searches to answer research queries. Also, the

data life cycle can be traced back to the origin using the unique key in each SES recorded.

It  can  be  replicated  for  other  research  groups  of  SES with  long-term and  systematic

studies, and it is also adaptable for the monitoring of other marine or terrestrial species that

can be tagged/marked/captured and resighted/recaptured. SES Dashboard guarantee the

traceability throughout the whole data life cycle.Even though SES Dashboard has not full

compliance with the FAIR principles, the publication of the LOD version implicitly allows a

significant  fulfillment,  and  all  criteria  are  met  for  five-star  linked  data. In  addition,  a

description  of  the  data  online,  an  RDF  version  of  the  data,  many  links  to  structured

vocabularies, and metadata about the collection, are all available. Among the approaches

planned for  future  works,  the  reengineering  of  the  platform to  allow the  recovery  and

presentation of information using our SPARQL endpoint, which enable to create links to

other linked datasets to supplement the information is considered.
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Figure 1. 

SES dashboard main screen with a view of the reports of diving and census data.
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Figure 2. 

SES Dashboard allows to see the RDF version of the most important concepts, in this case

the information of the seal coded ANIC can be accessed in the HTML version (dereferenced

version) and RDF (machine readable version).
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Figure 3. 

Diving analysis view.
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Figure 4. 

Trip analysis view and the associated information at a particular point of the trip.
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Figure 5. 

View for spatial cluster analysis. All SES’s trajectories are used.
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Figure 6. 

Census view. The bar chart  shows the total  SES counted grouped by categories.  On the

rightside, all the categories are observed, and the user can choose which category to show to

facilitateinterpretation.
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Figure 7. 

Documents  related  to  SES.  The  links  are  established  through  the  DOI  that  identifies

thepublication.
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URL http://linkeddata.cenpat-conicet.gob.ar 

SPARQL http://linkeddata.cenpat-conicet.gob.ar/sparql 

SNORQL http://linkeddata.cenpat-conicet.gob.ar/snorql 

Dump Data http://dx.doi.org/10.17632/5nv5c7575w.3 

VoID http://linkeddata.cenpat-conicet.gob.ar/dataset 

Licencing CC0 1.0

Table 1. 

Technical details.
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Query Link

Sensors associated with each platform Query 1 

Number of dives made by each platform Query 2 

Temperatures sampled by the ABVM platform Query 3 

Locations, depths and dates registered by ABVM Query 4 

Papers associated with each platform Query 5 

1990 census grouped by SES categories Query 6 

Table 2. 

Predefined queries to explore the data set.
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