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MANAGEMENT PERSPECTIVE 

The reference-condition‘ approach offers a powerfiil alternative to traditional methods of 
aquatic ecosystem health assessment, because sites serve as replicates rather than the 

multiple collections within sites that are the replicates in traditional designs using 

inferential statistics. With the reference-condition approach, an array of reference sites 
characterises the biological condition of a region; a test site is then compared to an 
appropriate subset of the reference. sites, or to all the reference sites with probability 
weightings.

A 

This report describes a data management system developed at NWRI to address the 
significant problem of controlling and managing the large dataasets developed and required 
for using-the reference condition approach, While developed speci_fically'fo._r the Great 
Lakes and Fraser River projects the system can be provided as stand alone software and 
has much broader application. For example it could be used as a powerfizl tool for data 
entry and management for EEM programmes. » 

is promoting the use of the reference ‘condition approach as the basis of a national 

aquatic ecosystem health programme that could be applied in many assessment 
programmes.andcoul_d address other site specific aquatic ecosystem health issues.
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SOMMAIRE A L’|NTENT|ON DE DIRECTION 

L’app_ro¢he des conditions de référence est une solution de rechange trés perfonnante 
par rapport aux méthodes habituelles d’éva|uation de la santé des éoosystemes 
aquatiques parce que, oomme exemplaires multiples, on utilise des sites plutotdes 
prélévements multiples dans des sites comme dans les méthodes habituelles basées 
sur des statistiques déduct_ive.s.i Selon |’approche des condit__ions de référence, un 
tableau de sites do référence carauctérigse les conditions biologiques d’u,ne région et, 
apres _avoi_r applique des facteurs de pondération probabilistes, on compare urn site 
expérirnental a un sous-ensemble appropriéde sites de référence, oua I’ensemble de 
ceux-cl-.A 

Ce rapport décrit un systéme de gestion des données développé a l’lNRE en réponse a 
I’importa‘nt probléme de oontrole et de gestion de trés grands ensembles de données 
développés et requis pour l’ut_il_isation de |"approche des conditions de référence, Meme. 
si ce systéme a été élaboré spéoialement pour les projets des Grands Lacs et du 
Fraser, on offre des versions autonomes du’ logiciel utilisé pour celui-“oi, dont Ie 
domaine. d"application est beaucoup plus vaste. Par exemple, c'est un outil trés 
performant pour l’entrée et la gestion des données‘ pour les programmes de SEE. 

|._’lNRE préoonise l’uti:lisation_ de |’approch_e d.es‘oond_iti'ons de référenoe comme base 
d’ufn programme .'na.tic.“>n_al_ d’évaIuat_io‘n-d_e la santé. des écosystémes aquatiques q'u'9n 
pourrait utiliser pour de nombreux programmes d’-égva|_uat_gio'n, ainsi que pour traiter urn 
grand nombre de questions propres a certains sites liées a la santé des écosystemes 
aquatiques. ‘



ABSTRACT 

The National Water Research Institute has been establishing large 
reference databases for ecosystemiassessment. These programmes utilise benthic 
invertebrate species assemblages to assess the biological “health” of aquatic systems using 
the Reference Condition Approach (Wright et al 1984, Reynoldson et al 1997). Current 
work has involved several large-scale projects, including studies in the Great Lakes, and . 

the Fraser River Basin in British Columbia. Benthic assessment research has resulted in the 
assembly of large databases containing spatial, chemical and biological variables. 

A significant problem related to research involving the collection and analysis of 
biological data is the maintenance of information. A method of information storage and 
retrieval which can handle large, complex data sets, while efiiciency and 
accuracy for data entry and retlieval is critical. Data for benthic analysis projects was 
originally stored in the traditional spreadsheet style of database. Continuing increases in 
size and complexity, however, led to the identification of several serious limitations to this 
method of data storage and management, Beginning in the spring of 1996, the 
development of a new system for entering, storing-, and retrieving data collected during 
benthic assessment research was undertaken. 

Primary objectives of the new system were to; 

1) Simpli_fy'the structure of the benthic database to facilitate information 
storage and

I 

2) Reduce the potential for data entry errors. . 

3) Develop a graphic interface to automated entry and retrieval of data 

4) Automate the computation of any required values fi'om raw data. 
5) Develop a means of providing multiple-user access, while 
database integrity.



The resulting software is known as the Benthic Information System for Reference 
Conditions, or BIRC. BIRC was developed usingthe Microsoft Access 7.0 relational 
database package for Windows95. This report provides a system overview and 
background technical design for the BIRC system.



L’|nstitut national de recherche sur les eaux (INRE) travaille a la mise sur pied 
de grandes bases de données de référence pour l’éva|uation des éciosystemes. Ces 
programmes utilisent des assemblages d’espéces d'invertébrés benthiques pour 
évaluer la « santé » biologique des réseaux aquatiques selon |’approche des 
conditions de référence (Wright et al. 1984, Reynoldson et al. 1997), Les travaux en 
cours portent sur plusieurs projets 5 grande échelle, notamment des études sur les 
Grands Lacs et sur le bassin du Fraser en Colombie-Britannique. Les recherches sur 

‘ les évaluations benthiques on_t entrainé la constitution de grandes bases de données 
regroupant desvariables spa_tia_les, chimiques et biologiques. 

La gestion de l"information est un important probléme touchant la recherche 
faisant appel a coilecte eta l’analyse de données biologiques. ll est essentiel de 
disposer d’une méthode. de stockage et de restitution de I’in_forma_tion pour manipuler 
des ensembles de données vastes et complexes, tout en maintenant Pefficacité et 
l’exactitude de l'entrée et de la restitution des données. Au début, on utilisait des bases 
’de données ordinaires uti|,isa__nt des 'chif'friers pour le stockage des données des projets 
d’ana|yse benthique. Cependant, a cause de |’augmentation continuelle de la taille et 
de la oomplexité de ces bases, on a‘ repéré plusieurs limites sérieuses dues é cette 
méthode de stockage et de gestion des données. Des Ie printemps de 1996, on a

L 

entrepris ie déveloopement d’.un nouveau systéme pour l’entrée, le stockage et la 
restitution des données collectées dans le cadre de' recherches d’évaluation benthique. 

Les principaux objectifs du nouveau systeme étaient "les suivants : 

1) Simplifier la structure de. la base de' données afin de 
faciliter Ie stockage et la" restitution de_I’iinforrnati'on, 

2) Réduire la possibilité d"’erreurs d’entrée des données. 
3) Développer une interface graphique afin d’automatiser |'entrée et la 
restitution des données. 

'
‘

A



4) Automatiser Ie ca_lcul de toutes les valeurs requises dérivées des 
données brutes. 

A

I 

5) Développer un outil d'accés rjnulti-usagers tout en maintenant 
l’in_tégrité de‘ la base dedongnées. 

Le logiciel qui en résulte est Ie BlRC‘(Benthic Information System for Reference 
Condit_ions), développé a l’aide du progiciel de base de données relationnelles 
Microsoft Access 7.0 pour Windows 95. Ce rapport présente un apercu du systéme 
B|RC.- ainsi que des informations techniques documentaires sur sa conception.
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Introduction: 

The National Water Research Institute (N WRI) has been establishing large reference 
databases for ecosystem assessment. The research, which emphasizes the identification of 
benthic invertebrate populations as a biological indicator of contamination, has involved several 
large-scale projects, including studies in the Great Lakes, and the Fraser River Basin in British 
Columbia-. Benthic assessment research has resulted in the assembly of large databases 
containing spatial, chemical and biological variables. 

A sigriificant problem related to research involving the collection and analysis of 
biological data is the maintenance of information. A method of information storage and retrieval 
which can handle large, complex data sets, while maintaining efficiency and accuracy for data 
entry and retrieval is critical. Data for benthic analysis projects was originally stored in the 
traditional spreadsheet style of database. Continuing increases in size and complexity, however, 
led to the identification of several serious» limitations to method of data storage and 
management. Beginning in the spring of 1996, the development of a new system for entering, 
storing, and retrieving data collected during benthic assessment research was undertaken. 

Primary objectives of the new system.were to: 
1) Simplify the structure of the benthic database to facilitate infonnation storage 
and retrieval,

b 

2) Reduce the potential for data entry errors. 
.3) Develop a graphic interface to automated entry and retrieval of data 
4) Automate the computation of any required values from raw data. 
5) Develop a means of providing multiple-user access, while maintaining 
database integrity. ‘ 

The resulting software is known as the Benthic Information System for Reference Conditions, or 
BIRC. BIRC was developed, using the Microsoft Access 7.0 relational database package for 
Windows95. This report provides a system overview and background technical design for the 
BIRC system.



Section 1: Background 
With the introduction of personal computers and automated data collection techniques to 

scientific study, the quantity and complexity of the data gathered has grown exponentially in 
recent history. The sheer magnitude of data available which must be entered, stored, and 
managed in some fonn of database has led to several significant issues (Silberschatz, Korth, and 
Sudarshan, 1997; Hernandez, 1997). These "issues must be addressed by database managers if the 
information is to be of use: » 

a) Data Redundancy - traditional row—column data storage formats can lead to 
significant redundancies. This can make data difficult to sort through, and cause 
significant storage problems. 

b) Inconsistency - as data sets mature, and more people become involved in their 
management and use, inconsistencies can emerge due to a lack of standards. 

c) Access Difliculties - the database system must be able to provide easy access to the 
information stored within it, if it is to have any value. 

d) Data Isolation - to simplify storage, it is tempting to break data into smaller files, to 
reduce file size. Unfortunately, this can lead to files being stored in various file 
formats and types, which may or may not be compatible for future use. 

e) Data Integrity - inforrnation must conform to consistency constraints. However, as 
situations change these constraints may need to be modified. Rigid systems can limit 
the ability of the user to make these changes, making the data less applicable. 

Data Storage Models 
Three main types of data storage models exist to facilitate data management; the 

Hierarchical structure, Network structure, and Relational structure (Silberschatz, ‘Korth, and 
Sudarshan, 1997; Hernandez, 1997). 

. Hierarchical: 

The hierarchical data storage St1'lLl.CtI1l'e is probably the most easily understood, and most 
commonly used. The structure can be thought ofas an inverted tree (Martin, 1984), beginning 

. with a single table. Information is stored within a fixed hierarchy of tables, or branches. The 
relationship between tables within the hierarchy is that of Parent/Child, where a Parent may have 
several Child tables, but a Child table will only ever have a single Parent. Data stored within this 
structure is rigid, requiring specific physical order to the way it is organized and stored. This 
structure must be followed for access, and data retrieval must always begin at the highest level of 
the hierarchy and move downward. 

This system poses several advantages, and can be very successfiil -when applied to 
relatively small, unchanging data sets_._ Access to information is very rapid due to the fixed -nature 
of the information pathways, and referential integrity is guaranteed. However, the inflexible 
nature of the structure means that changes to the database are very difficult, and the inherent 
redundancy in the way information is stored can lead to huge costs in terms of storage space for 
large data sets.



Network: 

The Network data storage structure is a modification of the Hierarchical method with 
several advantages. Like the Hierarchical structure, the Network model can be represented as an 
inverted.tree. Unlike a hierarchy, lower-level branches within the network can between more 
than one.upper-level table, allowing greater flexibility in data storage and retrieval. .This type of 
data storage is based on Set Structure (Hernandez, 1997), A strict physical order to data within 
each table is still required, however, since the network model still relies on a specific pointer 
between pieces of data to define their relationship. -.

T 

The network model eliminates much of the redundancy found in the hierarchical model, 
while retaining much of the speed for information retrieval. Unfortunately, the need for s't'rict1_y 
defined pointers between data means that limitations still exist with respect to the inflexible - 

nature of the system, and the need for users to explicitly know the order in which each piece of 
data is linked. 

_ 

' 

‘

' 

Relational: 

The relational database model was initially developed by Dr. E.F. Codd in the late 1960’s 
(Silberschatz, Korth, and Sudarshan, 1997; Hernandez, 1997; Frost, 1984), as a response to the 
need to handle large, complex data sets in a more flexible, eflicient manner. The model is based 
on ‘Set Theory and First Order Predicate Logic, from which the name Relatio_n_al_ is derived. A 
Relation identifies a collection of data records (table) in set theory (Hernandez, 1997). The most 
significant advance in the relational model is the mode by which information is linked. Unlike 
the previous two models, a pointer reliant of physical "location within the data set is not required. 
Each record in _a table is identified by a field, or combination. of ‘ fields, which contain a unique 
value, or key. Records the system. can then be related according to the values which they 
contain (Silberschatz,, Korth, and Sudarshan, 1997). 

The most significant‘ result of this approach is the fact that the physical order of ‘records 
within a tables is inimaterial, and thisaffects two important factors. First, a user does not need to 
know about the physical structure of the data, in order to successfully access 
information either’ directly orindirectly from various tables. Perhaps even more importantly, 
however, is the fact that the structure of the database can be easily modified as new demands are 
placed on the system. 

Types of Relationships 
Three types of relationships can be defined between data in a database:

U 

One .—> One 
The One One relation is the most'common_ relationship, and is faetthe only type of 

relationship ,permitted in a hierarchical data model. In this type of relationship, records in the two 
tables have an exact correspondence, meaning only one matchingrecord exists in thetwo tables. 
Figure 1 shows can One-to-One relationship between the table, and the,Location table, 
based on the Key Site Code. Latitude/longitude data in BIRC Could be Stored the 
Primary table, but; is instead placed into a separate Location table to ‘improve data flexibility and



reduce the number of columns in the Primary table (some columns fiom the table not 
shown). 

Pr‘ima'r’;v Table ~~~ ~~~~ 
~

~ BOWO1196 BOWO1 FRAP 96 Bowron Summit Cree 1 

BOW02196 BOW02 FRAP 96 Bowron Ames Creek 1 
BOW03196 BOWO3 FRAP 96 Bowron 14 Mile Creek 1 

BOW03296 BOW03 FRAP 95 Bowron 14 Mile Creek *1

~ 
Location Table ~~ ~ ~ ~ BOWO1196 53.13569 -121.52211 . 53 8 8.5 121 

53.63000 -121.7666’? 53 
' 

37 48 121 46 0 3300 
BOW03196 53.37528 -121.5988l:9 53 

_ 
22 31 121 35 56 3325 

~ ~ ~ 

Figure 1: One-to-One Relationship 

One —)» Many 
The One. —) Many relationship links a single record in one table with two or more records 

in the related table, and is the most common type employed in relational design. The benefit of 
the One —) Many relation is its ability to significantlyreduce the amount of data which must be 
stored. Unlike a hierarchical system, which must duplicate information for every record, only one 
entry must be made in the Primary Table, to identify many records in a related table. Figure 2 
shows a One _—) Many relation between the Primary Table and the Benthic Count table. Note that 

Primary Table ' 

~~ 
~~ 

~~~~ 
~~~~

~ 

~~ ~~~~ ~~
~ 

Creek 
Creek 
Creek 
Creek 

BOWO1 19.6
1 

BOW03196 

1 FRAP 
BOW02 FRAP 96 Bowron 

96 Bowron 14 
96 14 

~~~~ 
~ ~ 
Benthic Count Table ~~~ 15.00 ~~~ BOWO1196 30030118 Tvetenia bavarica group 
BOWO1196 

9 
30030122 Pagastia spp 

1 

5.00 
BOWO1196 

_ 
30030142 Pa.rort_h_ocladius spp 

5 

5.00 
BOWO1 196 30060001 S_imuliLIm Spp 

1 

10.00 
BOWO1196 34000000 Unknown Osttacoda 5.00 
BOW02196 8000000 Unknown Nematoda 50.00 
BOW02196 21040003 Baetis bicaudatus 3575.00 

Figure 2: One-to-Many Relationship



the Key in the secondary table is a_C_on_;pound Key. compound key is simply a key which is 
comprised of more than one field. By constructing a key in this "way, information can be 
duplicated in one of the compound key fields(e.g. Site Code), but the compound key as a_ whole 
must be unique. 5 

For site CHI0l194, one row is required in the Primary T able», but there are seven species 
counts which must be stored. In the hierarchical model, data from the Primaiy Table would have 
to be repeated seven times, in order to identify each species (row) clearly. Relationally, however, 
each row is unique when Site Code and Species are combined. In the example in Figure 2, the 
Compound Key results in a significant reduction in database size, and an automatic validation - 

‘during data entry; species can not be entered twice for the same site. 

Many —.—> Many 
_

L 

The Many -—) Many relatioriship is possible only in a relational database system. It allows 
one record in one table to be related to multiple records in the second table, but also allows one 
record in the second table to be related to multiple records in the first. However, while some 

~ specialized situations may require this type of relationship, they are rare due to the number of 
problems associated with maintaining data this way, Many —-,> Many relationships require 
u1meces_sar_i'ly duplicated fields, large amounts of redundant data, and result in difficulties in 
inserting new records (Hernandez, 1997).,For these reasons, the Many —) Many relationship is 
not used in the system discussed here.

'



Section 2: BIRC - A Relational Database Management System 
During the initial stages of benthic invertebrate research at NWRI, data was stored using 

a traditional spreadsheet. Although this hierarchical data structure was acceptable initially, it 
rapidly became unmanageable. As data sets grew larger, major limitations associated with data 
accuracy, information recall-, and potential date storage constraints relating to the number of 
benthic species identified were perceived. In order to manage the wide range of information 
collected during benthic assessment research, a relational database management system 
(RDBMS) was needed. 

The Benthic Information System for Reference Conditions (BIRC) was developed over a 
period of 1 year in conjunction with ongoing benthic sediment assessment research. The BIRC 
system has been designed to take advantage of the strengths offered by the relational database 
model, operating as a single integrated software unit. The system is capable of maintaining an 
indefinite number of ‘research studies, and data can be accessed in many different formats. 
Microsoft Access, a PC-based RDBMS, was selected as the development vehicle. Access is 
capable of providing both database management capabilities, as well as a development platform 
for establishing custom research applications.

' 

Three levels exist when examining the design of a database system (Silberschatz, Korth, 
and Sudarshan, 1997), 

Physical Design L 

The physical design level deals with the actual material means by which data is stored. 
The physical level will _be ignored in this report, since it relates specifically to issues such as 
hard-disk seek time and operating systemissues, and is largely immaterial at a software 
development level. 

Logical Design - The BIRC Table Structure 
The logical design level refers to the design and construction of tables used in the 

information system. BIRC employs a total of 9 tables for the storage of information. The 
following section provides a detailed description of the tablestructure and relational structure of 
BIRC. Detailed description and field definitions are provided for.each table within the system in 
Appendix A. . 

BIRC Relational Keys 
As discussed briefly earlier, the term key refers to a field, or group of fields, in a table 

which identify the data in each record in some way. Several types of key exist: 
- a) Primary Key refers to a column or combination of columns ina table which uniquely 

identifies each record. Duplicate Primar‘y.Key entries are not permitted. 

b) Foreign Key refers to a column or combination of columns in a table which is used to 
establish a relationship with the key of another table. Duplicate values may 
be entered into a foreign key, unless the Foreign Key is comprised wholly of another 
Primary Key.



Bold text in Figure 3 denotes fields which comprise Primary keys. 

Figure Database Structure 

BIRC Tables 
The BIRC st‘r‘ucture can be broken down into three distinct sections (Figure 3). The first 

section of the system is represented by a single table, and represents the largest homogeneous 
data unit for management; the Study Name. The name of each study maintained by the system is 
stored in Study List, providing the primary access point for information management and data 
entry. The second level of the system is again a single table. The table Primary provides the main 
link between a particular study, and data-specific tables Within the system. site data 
includes specific information such as site code, date sampled, lake name, and eooregion. 
Information for a particular study is linked back" to Stuafy List, and forward to data-specific tables 
by unique site code. The last level in the hierarchy are the six dataaspecific tables, which store 
various pieces of information collected for each sample site for aparticular study. 

' i
‘ 

One —) One relationships are used for Location, Water Chemistry, Physical Data, and 
Sediment Chemistry-. Data‘ for these four tables is either collected the field, or it is not. The 
One One relationship maintains simplicity in the data structure, while limiting data 
redundancy and storage requirements. Due to the large number of species identified for a single 
project, and the variability between individual sites, One —) Manyrelationships are used for both 
Benthic Count and Bio-Assay. ‘

. 

A. final subelevel in the BIRC hierarchy is theinaster list of (species. The master list is 
related to the Benthic Count table by a Reference Number. The list plays two key roles. First, it 
maintains an up-to-date listing of all species which have been identified. Second, the-list acts as a 
look-up table during data entry, which eliminates the need for users to continually retype a 
species name every time that species is found at a single site. Utilization Of the master Species list 
is covered in more detail in the View development level.

'



V'iew.Des‘ign - The Graphic User Interface (GUI) 
The most significant hazard associated with any database system is that of data entry 

errors. The original spreadsheet design employed during the research suffered significantly from 
this problem. Users were required to manually enter data by opening individual tables, manually 
insert a new record, and then enter each piece of datain its appropriate column. Graphic User 
Interfaces (GUI) that use windows, icons, and pop-up menus have become standard on personal 
computers. The GUI ‘is one of the most important parts of any program because it determines 
‘how easily you can make the program do what you want. A powerful data system with a poorly 
designed interface little value, due to the need for extensive training, and limited ease of 
transfer of that knowledge to others. While the application of relational database principles can 
lead to simplified, efficient data storage and retrieval, the need for a userto interact. directly with 
raw data tables can limit the potential benefits of a relational design. 

Once the tabular structure of BIRC had been established, the next stage was to develop an 
effective Graphic User Interface. The fundamental purpose of the GUI in this case is two-fold. 
First, the BIRC GUI frees the user from having to learn how to a relational database, 
providing an effective way of reducing the skill-set required bythe user for effective 
implementation. Second, data quality can be controlled by enforcing referential integrity, and 
employing validation rules during data entry. Examples of som_e forms which make up the BIRC 
GUI are contained in Appendix B. — — 

Referential Integrity 

The relational keys established during development at the Logical level provide 
fundamental information management in BIRC; duplicate records can not be entered into a table. 
However, the keys also play a significant role in what is called maintaining Referential Integrity. 
Referential Integrity refers to ensuring that a record which’ is part of a foreign key can not be 
added, unless a matching record in the related primary key exists. By maintaining 
synchronization between tables during data entry, the process ensures that data entry occurs _in a 
standard sequence. Study Name first, then Unique site numbers for the study must be entered, 
before field data can be entered into the appropriate table. In this way BIRC automatically 
ensures that all data entered into the system is properly linked through the appropriate keys. 

. Primary Key (Site Code) Precision 
One of the major problems associated with research which entails a significant amount of 

field work is the maintenance of Site Codes in the database. In order to uniquely identify not only 
a particular site, but also the exact date for which a set of data was collected, a complex Site 

- Code format must be generated to include; 1) a code consisting of a unique site identifier (either 
numeric or alphanumeric), 2) followedby a series of six digits representing the day, month, and 
year of a particular sample at a site. Data retrieval in the system relies exclusively on the accurate 
entry of the Site Code for data entered to each -table. The obvious danger is that a code is miss- 
typed, making data impossible to retrieve without a time-consuming manual Search of the entire 
database. - 

In BIRC, site codes are entered only once. Once site codes for a study are created, users 
are never required to type them again. When new data must be entered, the appropriate study



~ 
name and associated site code is simply selected from a list provided in the form. Upon selection, 
the relevant information is recalled and displayed. If no record exists for the particular sitecode, 
a new record is created, the site code is automatically entered, data entry can proceed, 

Spelling 

Since the research relies onthe identification of benthic species for successful analysis, it 
follows that accurate identification of each species in the database would be equally important. In 
order to limit the number of times which a species name needed to be manually entered into the 
database, a master list of species was created. In order to enter benthic data, a user now must 
simply select a button which recalls the appropriate species group, and then select the species 
fi"om the list provided. Entry of the Order, Family, Genus and—Species to the appropriate record in 
the database is automatic; 

Data Value Validation 
A common error during data entry is flue addition/elimination of a digit or decimal point 

when entflting numeric data. This type of error requires a comparison to. original field 
sheets to correct, and can lead to errors in future analysis if not caught during entry. The.BIRC 
_system reduces the "potential for such errors by incorporating a Validation Rule for those fields 
where potential entry problems could occur (Appendix C). If data which violates the Validation 
Rule is entered, a warning is issued to the user. The user is then given the choice of either 
accepting the value (if the value is correct but extreme), or making, a correction before moving on 
in the form. 

Automated Result Computation 
Several stages of data management require the computation of values based on raw data 

collected in the field, or analyzed in the lab. The original database required that the information 
be computed manually, and then entered. The result was two-fold: a loss of detail, Since only 
computed, not raw, values were entered, and the potential propagation of "computational errors 
through the system. By incorporating some simple mathematical coding within the GUI, this 
problem has been eliminated. Data is entered in its raw form to BIRC, and any required 
computations are done automatically.- All information is stored for future use. By relying on the 
computer for calculation, both speed of entry and data accuracy are increased.



C.onc|usions 
Benthic invertebrate studies emphasize the identification of benthic invertebrate 

populations as a biological indicator of contamination. A significant problem related to research 
involving the collection and analysis of biological data is the maintenance of information. The 
Benthic Data Information System (BIRC). was developed as a custom relational database 
software package, specifically tailored to benthic research. Primary objectives of the system were 
achieved by developing a hybridized storage schema, which combined the simplicity of 
spreadsheets with the accessibility and efficiency of relational database design. Complex issues 
such as referential integrity, and eliminating data entry errors were addressed by 
developing a Graphic User Interface (GUI), The GUI limits the technical knowledge required for 
successfiil implementation, and significantly reduces errors by automating data computation and 
management,

10
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Appendix A: Summary of BIRC Tables 

Table: Benth_ic Count (Lakes) 
Columns 

Name 
site Code 
Reference Number 
Formal Name 
Replicate 1 

Replicate 2 
Replicate 3 
Replicate 4 
Replicate 5 
Mean Count 
Family 
Order 

Table: Benthic Count (Rivers) 
Columns 

'

. 

Name" 
Site Code 
Reference Number 
Formal Nafme 
Mean Count 
Genus 
Family 
Order 

Table: Benthic Species List 
cglumns 

Name 
Reference Number 
Group 
Species 
Genus 
Family 
Order 

Table: Bio-Assay (Lakes) 
Columns~ 

Name 
Site Code 
Assay 
Replicate 1 
Replicate 2 
Replicate 3 
Replicate 4 
Replicate 5 
Mean 

Type Size 

Text 
Number (Double) 
Text 
Number (Single) 
Number (single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Text 
Text 

Type T 
Sige 

Text 
Number (Double) 
Text

_ 

Number (Double) 
Text 
Text 
Text 

Type 
‘ Size 

Number (Double) 
Text 
Text 
Text 
Text 
Text 

Type Size 

Text 
Text 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 

12 

50 

50 
50 
(50 

255 
255 
255 
255 
255 

uA—-I
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Table: Biology (Rivers) 
Columns 

Name 
Site|,D 
Susp N(uglfilter) 
S_u§p C(ug/filter)

_ 

CHL.-a(nanogrnlfilter) 
HPLC(nan‘ogmIfilter) 

Table: Channel (Rivers) 
Columns 

Name 
Site Code 
Flow’ State (reach) 
Flow’ State (site) 
lvlacrophyte 
Riparian - Grasses 
Riparian - shrubs 
Riparian - contrees 
Riparian - dectrees 
I-°99i.n9 
Bnkfl width 
Channel ‘width 
Channel depth (max) 
Channel depth (avg) 
velocity (max) 
Velocity (avg) 
Slope 
Discharge (m3/s) 

_ 

Notes 

Table: Location 
Columns 

Site Code 
Latitude 
Longitude

9 

lat deg 
lat min 
lat sec 
Ion deg 
Ion min 
lon sec 
Altitude 

Table: Periphyton Count (Rivers) 
Columns 

Name 
Site Code 
Reference Number 
Group 
Species 
Count 
Family 
Order 

TYPO 
Text 
Number (Long) 
Number (Long) 
Number (Double) 
Number (Double) 

Type 
Text 
Number (Long) 
Number (Long) 
Number (Long) 
Number (Byte) 
Number (B_yte) 
Number (Byte) 
Number (Byte) 
Number (Long) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Text 

Type 
Text 
Number (Double) 
Number (Double) 
Number (Single) 
Number (Single) 
Number ($i_ngle) 
Number (Single) 
Number (Single) 
Number (Single) 
N.umbe.r (Single) 

TVPG 
Text 
Number (Double) 
Text 
Text 
Number (Double) 
Text 
Text 

Size 
-9 

(DO-h#O 

Size 

I0 01 

Size 

"size 
255 

255 
255 

255 
255 

¢¢AAaaAmmn_
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Table: Periphyton Species List (Rivers) 
columns

’ 

Name 
Reference Number 
Species 
Family 

A 

Order 
Group 

Table: Physical Data (Lakes) 
Columns — 

Name 
Site Code 
Water Depth 
Water pH 
Water temp 
Dissolved Oxygen 
Gravel 
Sand. 
Silt 
Clay 
%SiltIClay 
PSiz'e - mean 
PSiz”e 25% 
Psize 75% 

Table: Physical Data (Rivers) 
columns_ 

Name 
Site Code 
Water Depth 
Water temp 
Gravel 
Sand 
Silt 
Clay 
%Silt/Clay 
Framework 

V Matrix 
Embeddedness 

Table: Primary (Lakes) 
Columns 

I

. 

Name 
Site Code 
Site 
Study 
Ecodistrict 
Lake 
JuIDay 
Year 
Sampling Devioe 
Mesh Size 
Reference 
Seasonal 
An.riue|. 
DA/QC 
Replieite 

‘ Number (Double) 

Type Size 
Number (Double) 8 
Text 255 
Text ' 

" ‘255 
Text 255 
Text . 255 

Type Size 
Text 

‘ _ 

Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 

AAAuAAAaAAnA§ 

Tvbe Size 
Text 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Number (Double) 
Numb.er(Long) 
Number (Long) ‘

N 

Type Size 
Text. 

' 

12 
Number (Integer) 2 
Text 255 
.Nu’rrlIbe‘r (Integer) -- 2 
Text 255 
Number (Integer) P 2 
Number (Integer) 

A 

.2 

Text 255 
Number (Integer) 
YesINo 
YesINo 
Yes/No 
YeslNo 
N.urn.ber (Integer) 

yQ_n_sa_nf\)



Description Text 200 

Table: Primary (Rivers) 
Columns 

Name Type Size 
Site Code Text 255 
Site Text 255 
Study Text 255 
Basin Text 255 
River Text 255 
Order Number (Double) 8 
Eooregion Text 255 
Ecoregion# Number (integer) 2 
JulDay Number (Double) 8 
Year Number (Long) 4 
Species Group Number (Byte) 1 

Family Group Number (Byte) 1 

Reference Yes’/N‘o 1 

Annual YesINo 1 

QAIQ9 Yes/No 1 

Kick Time Number (Double) 8 
Cells Number (Double) 8 
Weight Number (Double) 8 
Sampling Device Text 255 
Mesh Size Number (Double) 8 
Description Text 255 

Table: Sediment Chemistry (Lakes) 

Name Type Size 
Site Code Text 12 
Sioz Number (Single) 4 
T102 Number (Single) 4 
AI2o3_ Number (Single) 4 
l_=e203 Number (Single) 4 
MnO Number (Single) 4 
M90 — Number (Single) 4 
Cao . Number (Single) 4 
Na2O Number (Single) 4 
K20 Number (Single) 4 
P205 Number (Single) 4 
TN Number (Single) 4 
TP Number (Single) 4 
Lol Number (Si_ng'Ie) 4 
TOC Number‘ (Single) 4 
V Number (Single) 4 
Cr Number (Single) 4 
Co Number (Single) 4 
Ni Number (Single) 4 
Cu Number (single) 4 
Zn Number (Single) 4 
As Number (Single) 4 
Cd Number (Single) 4 
Pb Number (Single) 4 

Table: Study List 

Name Type Size 
Study Name Text 30



Table: Water'Chemistry (Lakes) 
Columns 

Name 
Site Code 
alkw 
tpw 
tknw 
l‘IQ3W 

Table: Water Chemistry (Rivers) 
columns 

Name 
Site Code 
A|kCaCo3 
TSS 
Total Phosphorus 
No3NQ2 
Tkn . 

Water pH’ 
Cond 
Dissolved Oxygen 
Susp N(ugIfilter) 
S_usp C(uglfi|ter) 
CHL-a(n_an.o9m/filter) 
H,PLC(nanoi9mIfi.|ter.) 

Type 
Text 
Number (Single) 
Number (Single) 
Number (Single) 
Nu.m_beI (Si.n9le) 

Type 
Text 
Number (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Nurfiber (Single) 
Number (Single) 
Number (Single) 
Number (Single) 
Numberl(SingIe) 
Number (Single) 
Number (Single) 
Number (Single) 

size 
1 2 
4 
4 
4
4 

Size 
255 

4
4 
4 
4 
4
4
4
4
4 
4 
4
4
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Appendix B: GUI Forms Examples 

~~ ,A. an .1; 1 
‘wk 3 

Figure 4: Main Menu 

Figure 5: Primmy Data Entry 
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~ 
Figure 6: Locatidn Entry“ 

Figure 7: Study Management 

Figure 8: Species and Master List
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.F1gjure 9- Détéfixpon
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Table: 

Table: 

Table: 

Appendix C: Input Field validation Rules 

Bio—Assay 

Field: 

Survival 
Growth 
% Hatched 
Adults 
Cocoons 
Young 

Physical Data 

Field:
0 

Water Depth 
Water pH 
Water Temp. 
Dissolved Oxygen 
%Si1t* 
%Sand* 
%Clay* 
Mean Particle Size 
25% Particle Size 
75% Particle Size 

Minimum 

5. 

OOOOOO 

=

.

3 

‘Maximum 

100
1 

100
5 
so 
so 

'\ 

' Maximum 

500 
14 
30 
20 
100 
100 
100 
1500 
4000 
500 

Note: These three values can not exceed a combined total of more than 100 percent. 

Sediment Chemistry 

Field:
' 

SiO2 
TiO2 
A1203 
F C203 
MnO 
MgO 
CaO 
N320 
K20 
P205 
TN 

ooooooooooo

g G5 
100 
100 
100 
100 
100 P 

100 
100 
100 
100 
100 
20000
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TP 0 1 5000 
L01 0 100 
TOC 0 100 
V O 250 
Cr 0 700 
C0 0 300 
Ni 0 6000 
Cu 0 4500 
Zn 0 15000 
As 0 200 
Cd 0 100 
Pb 0 2000 

Table: Water Chemistry 

Field: Minimum Maximum 

0 200 . 

T. Phosphorus 0 1 

T. Khjeldal Nitrogen 0 5 
N03 0 5
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