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RoadmapRoadmap

• Why do we need field station 
databases? 

• Challenges for Ecological Databases
• Evolving a Database
• Software Tools and Hardware
• Partnerships – sharing the load



WHY have Scientific WHY have Scientific 
Databases?Databases?

• Improvement of data quality
– multiple users provides multiple opportunities 

for detecting and correcting problems in 
data

• Cost
– data costs less to save than to collect again
– with environmental data, often data cannot 

be collected again at any cost



WHY have Scientific WHY have Scientific 
Databases?Databases?

• Environmental Policy and Management
– environmental policy decisions require data 

that are regional or national, but most 
ecological data is collected at smaller 
scales

– numerous Federal initiatives
• NII - National Information Infrastructure
• FGDC - Federal Geographic Data Committee



WHY have Scientific WHY have Scientific 
Databases?Databases?

•New Science
– Long Term

• long-term studies depend on databases to retain 
project history

– Synthesis
• use of data for a purpose other than which it was 

collected
– Integrated, multidisciplinary projects

• depend on databases to facilitate sharing of 
data



Why Have Field Station Why Have Field Station 
Databases?Databases?

•• Not all field station needs are scienceNot all field station needs are science--
based based –– field stations need databases field stations need databases 
for:for:
–– Scheduling and Tracking Facility UseScheduling and Tracking Facility Use
–– Reports and PublicationsReports and Publications
–– Billing & PaymentsBilling & Payments



Attracting ResearchersAttracting Researchers
Which do you choose?Which do you choose?

•• Field Station AField Station A
–– Beautiful mountain Beautiful mountain 

forest settingforest setting
–– Modern LaboratoriesModern Laboratories

•• Field Station BField Station B
–– Beautiful mountain Beautiful mountain 

forest settingforest setting
–– Modern LaboratoriesModern Laboratories
–– RealReal--time Climate time Climate 

and Meteorological and Meteorological 
DataData

–– Biodiversity DataBiodiversity Data
–– Soils DataSoils Data
–– Topographic DataTopographic Data



The Field Station  The Field Station  
Information ChallengeInformation Challenge

•• Can we make accurate information Can we make accurate information 
available to field station users and available to field station users and 
operators:operators:
–– in ways they canin ways they can locatelocate the information they the information they 

need?need?
–– with information in forms they can readily with information in forms they can readily 

useuse??



Challenges for Scientific  Challenges for Scientific  
DatabasesDatabases

• Long-term perspective 
– without databases, most data do not outlive 

project that collected them
– goal: data that is accessible and 

interpretable 20-years in the future
• technological - need persistent media that does 

not become technologically obsolete
• contextual - need to capture context of data 

collection
• semantic - terms need to be well-defined



Challenges for Scientific  Challenges for Scientific  
DatabasesDatabases

• Deal with Diversity
– science means asking NEW questions

• new kinds of queries
– scientific data is heterogeneous and diverse 
– scientific users have different backgrounds 

and goals
– the user community for a given database will 

be dynamic



Characteristics of Ecological Characteristics of Ecological 
DataData

Complexity/Metadata RequirementsComplexity/Metadata Requirements
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ChallengesChallenges

•• ResourcesResources
–– Equipment Equipment 

••ResourcesResources
–– Operational expensesOperational expenses

••ResourcesResources
––PersonnelPersonnel



Evolving a DatabaseEvolving a Database
•• Development of  a database is an Development of  a database is an 

evolutionary processevolutionary process
•• Implement system based on current Implement system based on current 

priorities priorities -- but think ahead!but think ahead!
•• Seek scalable solutionsSeek scalable solutions

–– avoid bottlenecksavoid bottlenecks
–– adding the 1000th piece of data should be adding the 1000th piece of data should be 

as easy as adding the first (or easier)as easy as adding the first (or easier)



Developing a Database Developing a Database --
Questions to AskQuestions to Ask

•• Why is this database NEEDED?Why is this database NEEDED?
•• Who will be the USERS of the Who will be the USERS of the 

database?database?
•• What types of QUESTIONS should the What types of QUESTIONS should the 

database be able to answer?database be able to answer?
•• What INCENTIVES will be available What INCENTIVES will be available 

for data providers?for data providers?





Sample Web Page ContentsSample Web Page Contents

•• AboutAbout–– a brief a brief 
description of the description of the 
organization and its organization and its 
mission mission 

•• Directory Directory –– contact contact 
information for information for 
participants etc. participants etc. 

•• Datasets Datasets 
–– FileFile--basedbased
–– QueryQuery--basedbased
–– Online GISOnline GIS

•• Bibliography /libraryBibliography /library
•• Visitor Tools Visitor Tools –– info, info, 

application formsapplication forms
•• NewsNews
•• Calendar of EventsCalendar of Events



SoftwareSoftware



Web PagesWeb Pages
•• GoodGood

–– Easy InterfaceEasy Interface
–– Flexible formatsFlexible formats

•• BadBad
–– StaticStatic
–– Cumbersome to Cumbersome to 

updateupdate

Database Database 
Management Management 
SystemsSystems

•• GoodGood
–– Powerful manipulation Powerful manipulation 

of dataof data
–– Easy updatesEasy updates

•• BadBad
–– UserUser--hostile  interfacehostile  interface

Web pages and DBMS are complimentary 
– what one does well the other does badly



Web page + DBMSWeb page + DBMS

•• Combining web pages and DBMS leads Combining web pages and DBMS leads 
to new power for bothto new power for both
–– Easy to use formsEasy to use forms--based interfaces based interfaces 
–– Dynamic generation of web pages using the Dynamic generation of web pages using the 

most current datamost current data
•• Web page updates need not come just from the Web page updates need not come just from the 

webmaster webmaster 
–– Multiple web pages can share the same Multiple web pages can share the same 

datadata



Commonly Used Types of Commonly Used Types of 
SoftwareSoftware

•• Input and Analysis toolsInput and Analysis tools
•• Information sharing tools Information sharing tools –– WWWWWW
•• Database Management Systems (DBMS)Database Management Systems (DBMS)



Input and AnalysisInput and Analysis
SpreadsheetsSpreadsheets
•• GoodGood

–– Widely used, easy to learn for simple graphical and Widely used, easy to learn for simple graphical and 
statistical analysesstatistical analyses

–– Commonly already installed on most computersCommonly already installed on most computers
•• BadBad

–– Can encourage Can encourage ““bad practicesbad practices”” –– create data create data 
that canthat can’’t easily be used t easily be used 

–– Poor support for sophisticated analysesPoor support for sophisticated analyses
–– Lack of Lack of auditabilityauditability –– hard to hard to ““back trackback track”” how how 

data were manipulateddata were manipulated



Statistical PackagesStatistical Packages

•• Examples: SAS, SPSS, Examples: SAS, SPSS, StatisticaStatistica, R etc. , R etc. 
•• GoodGood

–– Powerful analysis toolsPowerful analysis tools
–– Auditable: Can store programs Auditable: Can store programs –– fully fully 

document details of analysisdocument details of analysis
•• BadBad

–– Harder to learnHarder to learn
–– Less common on computers Less common on computers 
–– Can be expensiveCan be expensive



Other Input Other Input 
•• DBMS DBMS –– Database Management SystemsDatabase Management Systems



Database Management Database Management 
System (DBMS) Types System (DBMS) Types 

•• FilesystemFilesystem--basedbased
–– simplesimple
–– inefficientinefficient
–– few capabilitiesfew capabilities

•• HierarchicalHierarchical
–– phylogeneticphylogenetic

structuresstructures
–– geographical geographical 

imagesimages
•• NetworkNetwork

–– very flexiblevery flexible
–– not widely usednot widely used

•• RelationalRelational
–– widelywidely--used, matureused, mature
–– tabletable--orientedoriented
–– restricted range of restricted range of 

structuresstructures
•• ObjectObject--orientedoriented

–– developing developing --few few 
commercial commercial 
implementationsimplementations

–– diverse structuresdiverse structures
–– extensibleextensible



DBMS Advantages and DBMS Advantages and 
DisadvantagesDisadvantages

•• AdvantagesAdvantages
–– additional additional 

capabilitiescapabilities
••sortingsorting
••queryquery
••integrity integrity 

checkingchecking
–– easy access to easy access to 

datadata

•• DisadvantagesDisadvantages
–– few graphical or few graphical or 

statistical statistical 
capabilitiescapabilities

–– proprietary formats proprietary formats 
may limit archival may limit archival 
quality of dataquality of data

–– require expertise require expertise 
and resources to and resources to 
administeradminister



Database Database 
Management SystemsManagement Systems

•• Commercial ProductsCommercial Products
–– Microsoft ACCESS (part of Microsoft Microsoft ACCESS (part of Microsoft 

Office)Office)
–– Microsoft Microsoft SQLserverSQLserver
–– OracleOracle

•• FreewareFreeware
–– MySQLMySQL
–– PostgreSQLPostgreSQL
–– MiniSQLMiniSQL



DBMS DBMS BackendsBackends

•• Increasingly DBMS are being used as Increasingly DBMS are being used as 
tools that support the tools that support the ““behind the behind the 
scenesscenes”” activities in support of web sitesactivities in support of web sites
–– You may not interact with the database You may not interact with the database 

itself, but rather with a TOOL that interacts itself, but rather with a TOOL that interacts 
with the databasewith the database

•• Tools such as Content Management Tools such as Content Management 
Systems (CMS) use programs that in turn Systems (CMS) use programs that in turn 
use DBMS to perform their functionsuse DBMS to perform their functions



Web Page Using CMSWeb Page Using CMS

The same content (stored 
in a DBMS) can appear 
different ways at the touch 
of a button.

You don’t need to know very 
much about databases to 
administer a CMS site…



Information Sharing ToolsInformation Sharing Tools
•• WWW serversWWW servers

–– Apache Web Server Apache Web Server 
••FreeFree
••Based on open standardsBased on open standards
••Runs on PCs, Macintosh and UnixRuns on PCs, Macintosh and Unix

–– Microsoft Web ServerMicrosoft Web Server
••Free, often distributed with WindowsFree, often distributed with Windows
••Links to Microsoft toolsLinks to Microsoft tools
••Proprietary Proprietary -- runs only under Windowsruns only under Windows



What are the What are the ““Best SoftwareBest Software””??
•• SORRY! SORRY! –– there is no one list that is there is no one list that is 

the correct answer for everyone!the correct answer for everyone!
•• A A knowledgeable userknowledgeable user, rather than the , rather than the 

particular software used, controls what particular software used, controls what 
can be accomplishedcan be accomplished

•• CostsCosts
–– Cost of softwareCost of software
–– Cost of administrationCost of administration
–– LifeLife--cycle costscycle costs
–– Costs of migration Costs of migration 



Computer SystemsComputer Systems
•• UNIX/LinuxUNIX/Linux

–– mature, fullmature, full--
functioned systemfunctioned system

•• strong on strong on 
multitaskingmultitasking

•• more reliable and more reliable and 
robustrobust

–– steep learning steep learning 
curvecurve

–– lots of free softwarelots of free software
–– software can be software can be 

expensiveexpensive
–– wide array of wide array of 

WWW toolsWWW tools

•• PCs & MacsPCs & Macs
–– rapid improvements rapid improvements 

in operating system in operating system 
design facilitate design facilitate 
network accessnetwork access

–– software & software & 
hardware hardware 
inexpensiveinexpensive

–– tools are more usertools are more user--
friendlyfriendly

–– number of tools number of tools 
rapidly growingrapidly growing



Computer SystemsComputer Systems
•• UNIX/LinuxUNIX/Linux

–– mature, fullmature, full--
functioned systemfunctioned system

•• strong on strong on 
multitaskingmultitasking

•• more reliable and more reliable and 
robustrobust

–– steep learning steep learning 
curvecurve

–– lots of free softwarelots of free software
–– software can be software can be 

expensiveexpensive
–– wide array of wide array of 

WWW toolsWWW tools

•• PCs & MacsPCs & Macs
–– rapid improvements rapid improvements 

in operating system in operating system 
design facilitate design facilitate 
network accessnetwork access

–– software & software & 
hardware hardware 
inexpensiveinexpensive

–– tools are more usertools are more user--
friendlyfriendly

–– number of tools number of tools 
rapidly growingrapidly growing

These days it 
JUST DOES NOT MATTER
Which system you use. All 
are capable of supporting all 
but the most specialized 
needs.



PartnershipsPartnerships



Adding FeaturesAdding Features
•• Sometimes the best way to add content and Sometimes the best way to add content and 

functionality to your web page is to use functionality to your web page is to use 
functionality provided by othersfunctionality provided by others

•• Simple Example: Weather Underground Simple Example: Weather Underground 
““StickiesStickies””



Adding FeaturesAdding Features

•• Another source are Another source are RReally eally SSimple imple 
SSyndication (RSS) feeds, where news yndication (RSS) feeds, where news 
items from other web sites appear on items from other web sites appear on 
your web siteyour web site

•• For field stations there are more dataFor field stations there are more data--
specific tools and partnerships that may specific tools and partnerships that may 
be usefulbe useful



Example: PublicationsExample: Publications

•• The LTER Network operates a webThe LTER Network operates a web--based based 
publication databasepublication database

•• I would like to add a list of publications to I would like to add a list of publications to 
the personnel directory listing for each the personnel directory listing for each 
researcherresearcher

•• How? How? –– use use ““hiddenhidden”” form fields to form fields to 
automate the search for publications by automate the search for publications by 
a particular researchera particular researcher



Sample Literature SearchSample Literature Search

<form action="http://search.lternet.edu/biblio/reftableadvancedselect.php" method=get>
<input type=hidden name=PARAMTYPE1 value=site>
<!-- CHANGE THE FOLLOWING VALUE TO YOUR SITE ID -->
<input type=hidden name=PARAMSTR1 value=VCR>
<input type=hidden name=PARAMCON2 value=AND>
<!-- CHANGE THE FOLLOWING VALUE TO THE AUTHOR ID -->
<input type=hidden  name=PARAMTYPE2 value="author">
<input type=hidden name=PARAMSTR2 value="McGlathery, Karen J.">
<!-- Kludge- collectionid should be provided automatically in later versions -->
<input type=hidden name=collectionid value=9999>
<input type=submit value="View Karen J. McGlathery's Publications"><br>
</form>



Features you can add:Features you can add:

•• Data Catalog SearchData Catalog Search
–– Use the KNB Use the KNB MetacatMetacat system for managing system for managing 

field station datafield station data
–– You can customize the link used to initiate You can customize the link used to initiate 

searches so that only YOUR data is returned searches so that only YOUR data is returned 
automaticallyautomatically

•• OBSF Personnel Database OBSF Personnel Database 
–– Provide by the LTER Network OfficeProvide by the LTER Network Office
–– Again, queries can be customized so that Again, queries can be customized so that 

only an individual stationonly an individual station’’s data is searcheds data is searched



Adopting Tools & StandardsAdopting Tools & Standards

•• Ecological Metadata LanguageEcological Metadata Language
–– MorphoMorpho
–– MetacatMetacat
–– Open source, availableOpen source, available



Future?Future?

•• There are potentially a large number of There are potentially a large number of 
tools that could be transparently shared tools that could be transparently shared 
across the Organization of Biological across the Organization of Biological 
Field StationsField Stations
–– The tools need to be identifiedThe tools need to be identified
–– Funding needs to be obtained to pursue Funding needs to be obtained to pursue 

themthem
–– The community needs to be educated on The community needs to be educated on 

how to include themhow to include them



Final ThoughtsFinal Thoughts
•• Ecological Ecological 

databases are databases are 
increasingly setting increasingly setting 
the boundaries for the boundaries for 
science itselfscience itself

•• Databases evolve, Databases evolve, 
but they donbut they don’’t t 
spontaneously spontaneously 
generategenerate

ConnectivityConnectivity
ContentContent
OrganizationOrganization

Database Building Database Building 
BlocksBlocks
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