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ABSTHACT 

An account i s given of the use of a computerised database approach t o 

the study o f the chemistry and botany of streams w i t h a pH a t and below 4.0. 

the SIEUR (Stream I n f o r m a t i o n Entry, Update and Ret r i e v a l ) system was designed 

and implemented on the Northumbrian U n i v e r s i t i e s IBM System 370 computer 

running under the M.T.S. operating system. SIEUR has been used t o st o r e 

approximately 2500 water chemistry and 2700 b i o l o g i c a l records. Of these, 269 

chemis t r i e s and 125 b i o l o g i e s were c o l l e c t e d from 10 m reaches from four 

c o u n t r i e s where the pH was a t or below 4.0 on the day of sampling. 

P r i n c i p a l component and c l u s t e r analyses of the aci d chemistries 

suggested t h a t they may be grouped together, based on the l e v e l o f the various 

c a t i o n s measured. Ttiis grouping f o l l o w s c l o s e l y a geographical breakdown of 

the s i t e s and i s probably a r e f l e c t i o n o f the mining associations of the 

m a j o r i t y o f the s i t e s . There was no s i m i l a r grouping of the b i o l o g i c a l 

samples. D e t a i l e d examination of the d i s t r i b u t i o n of 30 photosynthetic 

species v*iich occurred l i v e suggested t h a t four p a t t e r n s of r e a c t i o n t o low pH 

e x i s t e d . 

I n the design and p r a c t i c a l a p p l i c a t i o n o f the SIEUR syst«n t o the 

i n v e s t i g a t i o n of the acid datasets several problans and some s o l u t i o n s were 

i d e n t i f i e d . The need to date, time and l o c a t i o n stamp a l l data a t a l l stages 

of the analyses was apparent. SIEUR provides an "expansion f a c i l i t y " t o 

overcome the problem of chanical and b i o l o g i c a l sampling not necessarily 

o c c u r r i n g together on the same day. By the use of t h i s f a c i l i t y the user can 

s p e c i f y the leeway by which chemical and b i o l o g i c a l samples from the same s i t e 

are l i n k e d t o each other i n terms of date o f sampling. A major design 

c o n s i d e r a t i o n was the need to i d e n t i f y s t r u c t u r e i n the data and t o be able t o 

s t o r e and r e t r i e v e t h i s as data. During the use of the system the need f o r 

comprehensive s t a t i s t i c a l and grapi^iical f a c i l i t i e s was apparent. The d e c i s i o n 

t o provide i n t e r f a c e s t o e x i s t i n g packages t o do t h i s , rather than provide 

i n t e g r a l f a c i l i t i e s was f u l l y j u s t i f i e d i n terms o f the f l e x i b i l i t y obained. 
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> 

<= 
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number of species i n a sample 
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Standard d e v i a t i o n 

Taxonomic Information R e t r i e v a l system 

kilometre 
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nanometre 

kilometre 

greater than or equal to 

greater than 

less than or equal to 

less than 



Page 14 

Chapter 1 Introduction 



Page 15 

1.1 Computing aspects 

1.11 General Introduction 

Computer technology i s proving to be of increasing importance t o 

b i o l o g i s t s and l e g i s l a t o r s concerned w i t h the ecology of aquatic environments. 

C u t b i l l (1971) noted, "there i s an urgent need f o r an i n v e s t i g a t i o n o f 

b i o l o g i c a l records - v^at s i z e they are and how they are created, how they are 

s t r u c t u r e d , how they are l i n k e d together, how they are used and what t h e i r 

u s e f u l l i f e i s " . These comments are s t i l l a p p l i c a b l e ; and although many 

databases now e x i s t there are few complete studies v ^ i c h look a t a l l the 

questions posed by C u t b i l l . 

1.12 Computer technology 

The i n t r o d u c t i o n i n 1960 of the IBM System/360 s e r i e s of computers 

marked the beginning of an era of r e a d i l y a v a i l a b l e f a s t s e r i a l processors. 

These had l a r g e i n s t r u c t i o n sets and tl-ie a b i l i t y t o handle simultaneously 

several p e r i p h e r a l devices and could address a very large memory (McKeag, 

1972; IBM, 1980). The p r o v i s i o n of t h i s hardware r e s u l t e d i n considerable 

development i n several areas of computer prograrraning (Buckholz, 1963; Rosin, 

1969; Denning, 1971). Of these developments the most spectacular was the 

i n v e n t i o n o f new programming languages (e.g. Rosen, 1964) and the concomitant 

a l g o r i t h m i c approach to computer a p p l i c a t i o n (Knuth, 1968). The a v a i l a b i l i t y 

of t h i s hardware to commerce and i n d u s t r y r e s u l t e d i n new a p p l i c a t i o n s being 

developed vvhich were concerned w i t h the storage and r e t r i e v a l of vast 

q u a n t i t i e s o f diverse types of data (IBM, 1960; C l i p p i n g e r , 1961; General 

E l e c t r i c Corp., 1961; P e r s t e i n , 1965). I n the l a t e 1960s and e a r l y 1970s 

these two separate strands of development began to come together to form the 

new technology o f database management (Date, 1976). 

1.13 Database technology 

Despite the m u l t i t u d e of d i f f e r e n t o r i g i n s and l i n e s of development of 

database technology o u t l i n e d by Fry e t a l . (1976), an underlying four stage 

p a t t e r n of e v o l u t i o n can be recognised ( M a r t i n , 1975). The f i r s t stage was 

c h a r a c t e r i s e d by the use of sequential f i l e s , u s u a l l y on magnetic tape, where 

the l o g i c a l view of the data stored was i d e n t i c a l to the p h y s i c a l 

r e p r e s e n t a t i o n . The data were accessed by s p e c i f i c a p p l i c a t i o n programs which 
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merely restructured the data records into an output format. The second stage, 

found predominantly i n the l a t e 1960s, was characterised by the use of 

sequential f i l e s to store bulk data and the use of d i r e c t access f i l e s on 

magnetic disks to store indices and keys. I t was by the use of these keys and 

indices that the sequential bulk data were accessed. The database system was 

usually designed and optimised for one particular application. These early 

database systems are reviewed by Minker et a l . (1967), CODASYL (1969) and Fry 

et a l . (1973). 

The l a t e 1960s and early 1970s saw the ideas of McGee (1959), McGee et 

a l . (1960) and Childs (1968) concerning "generalised data handling routines" 

and "a set theoretic approach to data" having an increasing influence on the 

evolution of database technology. The systems which were implemented using 

these techniques were independent of the data they contained and could be 

considered to be "database management systems" capable of handling any 

dataset. Thus stage three was characterised by the use of multiple f i l e s 

derived from the same physical data f i l e (see M i l l e r e t a l . , 1960). These 

separate visualisations of the data were managed by data handling routines 

which removed redundant or replicated data and which ensured data i n t e g r i t y . 

Data r e t r i e v a l was possible w i t h i n tliese systems by the use of multiple keys 

and complex data reorganisations could be made without the need for extensive 

revisions of application programs. The fourth stage described also by Witney 

(1973) was marked by the development of a global view of the data, which was 

independent of the physical data organisation and the users view of i t . I h i s 

type of database could evolve by the addition of new elements to the global 

view of the data, and tins addition did not adversely a f f e c t the maintenance 

of the database. Rapid search and optimisation occurred automatically within 

the database management system by the use of inverted f i l e s . Furthermore, the 

system software provided a data description language for a database 

administrator (see D'imperio, 1969; Canning, 1972; Everest, 1973; Taylor, 

1974; Senko, 1975), a command language for the applications programner (Dodd, 

1969) and a query language for the various database users (see for example 

Hardgrave, 1974; McDonald et a l . , 1975 and Chamber1in e t a l . , 1976). 

The primary objectives of database design have been the concern of many 

reports (CODASYL, 1971; DBTG, 1971; Dean, 1971; Engles, 1971; Date et a l . 

1971; ANSI, 1975). Summarised b r i e f l y they are high performance i n ccxnputing 

terms f o r both setting up and using the database; low cost of storing and 

using the data and making changes; accuracy and consistency especially while 

updates are made; guaranteed data i n t e g r i t y , privacy and security; mechanisms 

which ensure that the database can evolve easily and can be independent of the 
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data s t r u c t u r e s allowed by the computer hardware or the o r i g i n a l data 
s t r u c t u r e s ; systems which ensure t h a t unanticipated queries can be handled 
e a s i l y and e f f i c i e n t l y such t h a t the data can have m u l t i p l e uses; and the 
implementation of a c l e a r and simple l o g i c a l data s t r u c t u r e which can be used 
e a s i l y and e f f e c t i v e l y by both the expert and novice user. I n a d d i t i o n the 
system needs to be "tunable" such t h a t query types performed f r e q u e n t l y can be 
optimised. F i n a l l y many authors (e.g. M a r t i n , 1975; Date, 1976) consider i t 
important t h a t the database management system should be able t o deal w i t h data 
m i g r a t i o n , such t h a t i n f r e q u e n t l y used data can be placed on cheaper storage 
devices and more f r e q u e n t l y used data moved i n the opposite d i r e c t i o n . 

The data independence shown by modern database management systems stem 

from r e c o g n i t i o n of underlying data s t r u c t u r e s (Bachman, 1972). Three basic 

s t r u c t u r e s have been i d e n t i f i e d . These are h i e r a r c h i c a l s t r u c t u r e s (see 

B l e i e r , 1967; IBM (IMS), 1975; T s i c h r i t z i s e t a l . , 1976), network s t r u c t u r e s 

(see Earnest, 1974; Codd e t a l . , 1974; Taylor e t a l . , 1976) or r e l a t i o n a l 

s t r u c t u r e s (see Codd, 1970; Date, 1972; Hitchcock, 1974; Codd, 1974; Held, 

1975; Chamberlin, 1976). Detailed comparisons between these methods of 

s t r u c t u r i n g the data have been made by Date e t al. (1974), Nijssen (1974), 

McGee (1974), S i b l e y (1974), Held e t a l . (1975) and Michaels e t a l . (1976). 

I n recent years the r e l a t i o n a l approach has received considerable a t t e n t i o n 

because of i t s simple, t a b u l a r c o n c e p t u a l i s a t i o n of the data. Furthermore, 

the method i s s u s c e p t i b l e t o mathematical analysis (see Kent, 1973; Fadous, 

1975; H a l l e t al., 1975). Much work has been done i n i d e n t i f y i n g basic 

database problems and proposing s o l u t i o n s using the combined r e l a t i o n a l 

approach and mathematical treatment (e.g. Codd, 1971; Heath, 1971; Armstrong, 

1971; Bernstein e t 1975). Several implementations of r e l a t i o n a l database 

s t r u c t u r e s e x i s t , of which INGRES (McDonald e t a l . , 1974) i s perhaps the most 

e a s i l y accessible example. Other systems are described by Goldstein e t a l . 

(1970), Notley (1972), Lorie (1974) , Czarnik e t a l . (1975), Winslow (1975) 

and Astrahan et a l . (1976). I n a d d i t i o n , recent research has been undertaken 

i n t o g i v i n g mini and micro-computers some r e l a t i o n a l database c a p a b i l i t i e s 

(Mcleod e t a l . , 1975; Manacher, 1975). 'ftie r e l a t i o n a l approach t o data 

storage has given impetus t o research i n t o user query languages. A query 

algebra has been proposed by Codd (1971) f o r r e l a t i o n a l and other databases 

v^here queries are expressed i n terms of set t h e o r e t i c operations (C h i l d s , 

1968) on the data r e l a t i o n s . This approach requires s k i l l and knowledge on 

the p a r t o f the user and w i i i l e i t i s simpler to implement (however, see a n i t h 

(1975) f o r comments on o p t i m i s a t i o n ) i t has received only passing a t t e n t i o n . 

I n c o n t r a s t the query c a l c u l u s (Codd, 1971) has received considerable 
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