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AN EVALUATI ON  AND COMPARISON OF V A RIOUS D I V E R S I T Y
I N D I C E S  AS IL LU S T R A T ED  BY PORTAGE CREEK

Karl Josef  S ie b e r t ,  M.A.

Western Michigan U n i v e r s i t y ,  1984

The d i v e r s i t y  index is an es tab l ished method o f  measuring water  

q u a l i t y .  In t h i s  study var ious d i v e r s i t y  indices are evaluated f o r  

t h e i r  use in a ra p id ,  accura te ,  and cost e f f e c t i v e  b i o l o g ic a l  moni­

to r in g  program. The study invest igated  f i v e  d i v e r s i t y  indices:  

Approximate, B r i l l o u i n ' s ,  Shannon's, Simpson's and the Sequential  

Comparison Index. The d i v e r s i t y  indices were tested  f o r  accuracy 

and s e n s i t i v i t y  on actual  macro invertebra te  samples and simulated  

data.

The Simpson's Index was found to provide the most accuracy and 

s e n s i t i v i t y  f o r  the indices te s te d .  The importance o f  cons ider ing  

the evenness element o f  d i v e r s i t y  indices was a lso  supported by the  

study.
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CHAPTER I

INTRODUCTION

Water p o l lu t i o n  d i r e c t l y  and i n d i r e c t l y  a f f e c t s  organisms through 

t o x i c i t y ,  oxygen d e p le t io n ,  e u t r o p h ic a t io n ,  h a b i t a t  a l t e r a t i o n ,  tem­

pera ture  change, and many o ther  ways. Changes o f  organism funct ion  

and d i s t r i b u t i o n  w i t h i n  the aq u at ic  community a re  r e f l e c t e d  in commu­

n i t y  and ecosystem changes. I f  a community changes, so may i t s  func ­

t io n  ( P a t r i c k ,  1976) .  Funct ions such as a i r  and water  p u r i f i c a t i o n ,  

food source, breeding h a b i t a t ,  and natural  resource,  are a l l  essen­

t i a l  to the surv iva l  o f  many organisms— e s p e c i a l l y  humans. Too o f ten  

e n t i r e  ecosystems are permanently destroyed as a r e s u l t  o f  wanton d i s ­

regard by soc ie ty  f o r  the aq u at ic  environment. Programs developed by 

f e d e r a l ,  s t a t e  and local  agencies at tempt to deal w i th  both the d e l i ­

berate and accidenta l  p o l l u t e r .  Once the damage has been i n f l i c t e d ,  

l i t i g a t i o n  is slow and the environment is damaged. The most e f f e c t i v e  

method o f  p o l lu t i o n  cont ro l  is prevent ion .  The key to most prevent ion  

programs (besides educat ion) is the use o f  b i o lo g ic a l  monitor ing.

Aquat ic  organisms a c t  as natu ra l  b io lo g ic a l  monitor ing systems. 

The a s s i m i l a t io n  o f  p o l lu t a n t s  by organisms such as f i s h  make the  

bioassay a useful tool in b i o lo g ic a l  monitor ing programs. The study 

o f  behavioral  responses o f  organisms to e f f l u e n t s  gives in s ig ht  to 

the s t ress on b io lo g ic a l  systems r e s u l t i n g  from p o l l u t i o n  ( O t t ,  1978) .  

Observat ion of  community s t r u c t u r e  gives much information on p o l l u ­

tants  otherwise  not observed through measurement o f  chemical and

1
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2

physical  parameters (Cairns e t  a 1., 1973)-

Aquat ic  community s t r u c t u r e  can be studied on two leve ls :  q u a l i ­

t a t i v e  and q u a n t i t a t i v e .  By observing the types o f  organisms present ,  

whether t o l e r a n t ,  i n t o l e r a n t ,  or  f a c u l t a t i v e  to p o l l u t a n t s ,  stressed  

environments can be i d e n t i f i e d  (Persoone e t  a l . ,  1978) .  The study 

o f  community s t r u c t u r e  is o f te n  time consuming, expensive,  and re ­

qu ires  e x p e r t is e  f o r  taxonomic i d e n t i f i c a t i o n  and i n t e r p r e t a t i o n .  The 

d i v e r s i t y  index, based on information  theory ,  is an e f f i c i e n t  method 

f o r  summarizing the informat ion contained w i t h i n  a community. Various  

d i v e r s i t y  indices ( indexes)  have the p o t e n t ia l  to provide much i n f o r ­

mation f o r  minimal t im e ,  f i n a n c i a l ,  and technica l  input .

The purpose o f  t h i s  thes is  is to exp lore  the d i f f e r e n t  d i v e r s i t y  

indices and eva lu a te  t h e i r  use in a ra p id ,  accu ra te ,  and cost e f f e c ­

t i v e  b io lo g ic a l  monitor ing program. The scope o f  the thes is  includes  

the t e s t in g  o f  f i v e  d i v e r s i t y  indices:  Approximate, B r i l l o u i n ' s ,

Sequential  Comparison Index,  Shannon's, and Simpson's in d ices .  The 

indices are i n i t i a l l y  tes ted  on fo ur stream sample s i t e s  experiencing  

var ious degrees o f  s t r e s s .  Phys ica l ,  chemical,  and b io lo g ic a l  data 

from each s i t e  serve as the basis f o r  i n t e r p r e t i n g  the accuracy o f  

each index w it h  respect  to community s t r u c t u r e  changes (as a r e s u l t  

o f  p o l l u t i o n ) .  The second t e s t  o f  index s e n s i t i v i t y  includes the  

eva lu a t io n  o f  s imulated da ta .  D iv e r s i t i e s  are measured f o r  two very  

s i m i l a r  data sets and conclusions are made regarding the a b i l i t y  o f  

an index to d i s t in g u is h  d i f f e r e n t  community s t r u c t u re s .

The goals o f  the th es is  include:  se le c t io n  o f  the "best"  d i v e r ­

s i t y  index ( i f  p o s s i b l e ) ,  c o l l e c t i o n  o f  in format ion and data to
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supplement cu rren t  knowledge o f  the d i v e r s i t y  index, and to suggest  

changes or  new d i r e c t io n s  in the study o f  a q u a t ic  community s t r u c t u re  

through d i v e r s i t y  ind ic es .

L i t e r a t u r e  Survey

Many attempts have been made to assess the impact o f  p o l l u t a n t s  

on aq u a t ic  communities and h a b i t a t s .  Chemical t e s ts  a lo ne ,  as demon­

s t r a t e d  by P a t r i c k  (19**9, 1976) and o th ers ,  may not in d ic a t e  en v i ro n ­

mental s t ress ( p o l l u t i o n )  when the source is i n t e r m i t t e n t ,  accumula­

t i v e ,  or  s y n e r g i s t i c / a n t a g o n i s t i c  e f f e c t s  have taken p lace .  The abun­

dance, col le i - jab i  1 i t y ,  and long l i f e  cycles o f  the benth ic  macroinv’e r -  

teb ra te s  make them ideal candidates f o r  in d ic a t in g  community changes 

due to  p o l 1u t io n .

Many systems f o r  e v a lu a t in g  benth ic communities w i th  respect  to  

changes re s u l t i n g  from environmental  s t ress have been developed.  Some 

o f  the methods include:  the "Saprobiensystem" (K olkwitz  & Marsson, 

1908, 1909) ,  adapta t ions  o f  the same (discussion by Persoone et  a l . ,  

1978; Goodnight, 1973) ,  the "Saprobic Index" (Pa n t le  & Buck, 1955) ,  

Beck's (195^) " B i o t i c  Index", the "Trent  B i o t i c  Index" (Persoone et  

a l . ,  1979) ,  and the "Score System" by Chandler (1970 ) .  Most o f  the 

systems noted viewed the benthic  community as a c o l l e c t i o n  o f  i n d i ­

ca to r  organisms ra th e r  than an organized s t r u c t u r e  o f  i n t e r r e l a t e d  

l i v i n g  organisms. The d i v e r s i t y  indices developed out  o f  a need to  

assess the o v e r a l l  community s t r u c t u r e  ra th e r  than the in d iv id ua l  

members.
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The D i v e r s i t y  Concept

The m a j o r i t y  o f  l i t e r a t u r e  concerning d i v e r s i t y  indices is based 

on in format ion theory .  F ish e r ,  Corbet ,  and W il l i am s  (19^3) introduced  

the d i v e r s i t y  concept der ived  from a logser ie s  d i s t r i b u t i o n  o f  a sam­

ple  o r  community. MacArthur (1955) and Margalef  (1958) proposed d i ­

v e r s i t y  ind ices using informat ion theory,  a lso  developing equat ions  

f o r  measuring evenness ( d i s t r i b u t i o n  o f  in d iv id u a ls  among species) o f  

c o l l e c t io n s  and popu la t ions .  Much o f  the l i t e r a t u r e  to fo l lo w  o r i ­

ginated w i t h  the Shannon and Weaver (19**9) concept o f  informat ion con­

t e n t .  Wilhm and Doris (1968) adapted t h i s  concept to macro in ver te ­

bra te  community study, known today as the Shannon-Weaver and Approxi­

mate D i v e r s i t y  Ind ices .  Fur ther  discussion o f  these indices can be 

found in P ie lou  (1966, 1977)-

Other important  d i v e r s i t y  indices evolved from informat ion theory .  

Simpson's measure o f  concentra t ion  (19^9) was adapted to b io l o g i c a l  

d i v e r s i t y  measurement and discussed by P ie lo u  (1977 ) -  Another popular  

index was developed by B r i l l o u i n  (1962) and supported in a study by 

Kaesler  (1977) .

The Sequential  Comparison Index ( S C I ) ,  a lthough not as mathemati ­

c a l l y  o r ie n te d  as previous in d ices ,  presents a qu icker  and simpler  

a l t e r n a t i v e  f o r  c a l c u l a t i n g  the d i v e r s i t y  o f  a macro in ver te bra te  com­

munity.  Two methods were developed by Cairns e t  a l .  (1968,  1971) 

using t h i s  index as a tool f o r  techn ic ians  w i th  l i t t l e  b io lo g ic a l  

background. Other a r t i c l e s  descr ib ing  the use o f  the SCI include  

Persoone e t  a l .  (1979) and Goodnight (1973 )-

C u r re n t ly  there  is s t i l l  much controversy surrounding the use o f

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5

d i v e r s i t y  in d ices .  The indices have been c r i t i c i z e d  f o r  t h e i r  insen­

s i t i v i t y  to p o l lu t a n t s  o ther  than organ ic  oxygen-dep le t ing  wastes 

(Wolf ,  1980; Persoone e t  a l . ,  1979) .  H u r lb e r t  (1971)  r e je c t s  the  

overuse o f  informat ion  theory and proposes indices o f  h is  own. Zaret  

(1982) quest ions the v a l i d i t y  o f  species d i v e r s i t y  being an in d ic a t o r  

o f  the e co lo g ica l  h ea l th  o f  a community. In a study o f  Wisconsin 

stream communities, H i ls e n h o f f  (1977) found th a t  a b i o t i c  index co r ­

r e la t e d  more o f te n  ( then the d i v e r s i t y  index) w i th  the chemical para­

meters o f  the streams.  Despite c r i t i c i s m  the d i v e r s i t y  index is s t i l l  

being used e x t e n s iv e ly  in eva lu a t in g  aqu a t ic  communities. This in ­

cludes the t e s t in g  o f  surface waters and e f f l u e n t s  by the Environ­

mental Pro tec t io n  Agency (Weber, 1973) .  P ie lou (1977) summarizes the  

meri ts  and r o le  o f  the d i v e r s i t y  index:

I t  should not  be (but  i t  is)  necessary to emphasize 
th a t  the o b je c t  o f  c a l c u la t in g  indices o f  d i v e r s i t y  
is to so lve ,  not c r e a t e ,  problems. The indices are  
merely numbers, useful  in some circumstances, but  
not in a l l  . . . . Indices should be c a lc u la t e d  f o r  
the l i g h t  (not  the shadow) they cast  on genuine  
ecologica l  problems.

In the discussion o f  d i v e r s i t y  theory ,  b io l o g ic a l  or  species d i ­

v e r s i t y  w i l l  be def ined  as "a funct ion  o f  the number present  (species  

r ichness or  abundance) and the evenness w i th  which the in d iv id u a ls  

are d i s t r i b u t e d  among these spe c ie s . "  ( H u r l b e r t ,  1971) .

Most indices are  der ived  from information theory;  a s t r i c t l y  

mathematical concept (P ie lo u ,  1975, 1977) .  Based on t h is  theory ,  d i ­

v e r s i t y  indices are  a c t u a l l y  r e f l e c t i n g  b i t s  o f  in format ion in a given 

sample or  community (Cairns e t  a l . ,  1973) .  A community co ntain ing  more 

informat ion  is more d iv e r s e ,  w h i le  the lack o f  in format ion dep ic ts a
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community w i th  low d i v e r s i t y .  P ie lou  (1977) p r e fe r s  the concept o f  

"u n c e r ta in ty "  ra th e r  than b i t s  o f  in fo rm ation .  As d i v e r s i t y  in ­

creases,  so does the degree o f  u n c e r ta in ty  to  which species a sampled 

in d iv id u a l  might belong.

Also a p a r t  o f  the d i v e r s i t y  theory is the concept o f  evenness 

or e q u i t a b i 1 i t y .  Determining the d i v e r s i t y  index without  c a lc u la t i n g  

evenness may lead to erroneous i n t e r p r e t a t i o n s  ( H u r l b e r t ,  1971) .  Since 

a community w i th  a few evenly represented taxa may have the same d i ­

v e r s i t y  as one w i th  many unevenly represented taxa ,  a measure is 

needed to i l l u m i n a t e  these cases. There are two measures o f  evenness 

and one o f  e q u i t a b i 1 i t y . In each case, the observed d i v e r s i t y  is com­

pared to the maximum d i v e r s i t y  th a t  could be measured in th a t  s p e c i f i c  

t e s t i n g  or  sampling s i t u a t i o n .  There are l i m i t a t i o n s  to the use of  

evenness measures since v a l i d i t y  res ts  on the choice o f  censused or  

uncensused communities.

Once the evenness or  the e q u i t a b i l i t y  o f  the sample is determined,  

a basis f o r  comparing and conf irming d i v e r s i t y  indices has been es tab -  

1i shed.
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CHAPTER I I

METHODS

Se lec t io n  o f  Sampling S ta t ions

The Portage Creek was chosen f o r  the sampling s t a t io n s  because o f  

previous p o l l u t i o n  h is t o r y  (DNR Report 1971 & 1972) .  The f i r s t  f i v e  

miles o f  the creek appear c l e a r  and c lean ,  w h i le  the lower th ree  mi les  

show signs o f  p o l l u t i o n  such as t u r b i d i t y ,  s i l t  accumulat ions,  and 

debri  s.

The Portage Creek o r i g in a t e s  in the Gourdneck Sta te  Game Area 

(F igure  1 ) ,  passing through Hampton Lake, f lowing north toward Kalama­

zoo, j o i n i n g  the west branch o f  Portage Creek.  The creek ,  ranging  

from f i f t e e n  to about s i x t y  f e e t  across and one to th re e  foo t  in depth,  

f lows through r e s id e n t ia l  and park areas u n t i l  i t  reaches Cork S t r e e t .  

North o f  Cork S t r e e t ,  the la rg es t  s in g le  source o f  e f f l u e n t  (paper  

waste c l a r i f i e r )  en ters the creek.  The Portage Creek then passes 

through r e s i d e n t i a l ,  commercial ,  and in d u s t r i a l  p r o p e r t ie s  on i t s  

route to the Kalamazoo R iver .

The Portage Creek o f f e r s  a unique lo ca t io n  f o r  the study o f  d i ­

v e r s i t y  ind ic es .  Since the creek f lows p r i m a r i l y  from a s in g le  source,  

water  q u a l i t y  changes a re  l im i t e d  to p o l lu t a n t  inputs along the course 

o f  the creek .  In t h i s  way, pe r tu rb a t io n s  o th er  than p o l lu t a n t s  can be 

e l im ina ted  to a l lo w  f o r  e a s ie r  comparisons o f  d i v e r s i t y  ind ices .  The 

"c lean " s ta t io n s  are se lected  from the lower th ree  to f i v e  m i le s ,

7
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w h i le  the Md i r t y “ s ta t io n s  a re  located in the lower th ree  mi les  o f  the  

creek.  The clean s t a t io n s  a re  then used as c o n t r o l s ,  t h e o r e t i c a l l y  

r e f l e c t i n g  higher d i v e r s i t y  va lues .

S i t e  #1 was chosen as the c le a n e s t ,  o r  le a s t  s t ressed,  o f  the  

s i t e s .  Before the creek  reaches t h i s  s t a t i o n ,  i t  f lows through open 

f i e l d s  and r e s id e n t i a l  a reas.  The s t a t i o n  is located on the  south­

west corner o f  the K i lg o re  and Lovers Lane i n t e r s e c t i o n .  This sect ion  

o f  the stream is c h arac te r iz ed  by c l e a r ,  f a s t  f lo wing  water  over a 

coarse aggregate bottom w i th  l i t t l e  v eg e ta t io n .

S i t e  #2 is located j u s t  south o f  Cork S t r e e t  and is a lso  character

ized by c l e a r  f a s t  f lowing w a te r .  The la rge  rock and coarse aggregate

bottom supports p r i m a r i l y  a lg a l  growth w i th  some higher p lan t  growth 

in the small r i f f l e  a reas.  This s t a t io n  was also  chosen as a clean  

sampling s i t e ,  a f fe c te d  by p e r tu rb a t io n s  s i m i l a r  to s i t e  #1 w i th  the  

a d d i t io n  o f  the west branch o f  the Portage Creek.

S i t e  #3 is located j u s t  south o f  Stockbridge Avenue, about one

and o n e -q u a r te r  mi les north o f  s i t e  #2.  This s t a t i o n  was se lected  as 

a d i r t h  sampling s i t e .  The main sources o f  s tress a re  the th re e  m i l ­

l io n  gal Ions per day e f f l u e n t  from the paper waste c l a r i f i e r  and runof f  

from storm sewers in the r e s i d e n t i a l  a reas.  The c re e k 's  f lo w is r e ­

duced s l i g h t l y  and t u r b i d i t y  increases .  At t h i s  s t a t i o n  the bottom 

is c h a r a c te r i z e d  by s i l t  over sand w i th  some d e b r is .  Vegetat ion  is 

minimal ,  c h ara c te r iz ed  by a lg a l  growth on deb r is .

S i t e  # k  is located j u s t  over a m i le  north o f  s i t e  #3,  by Michigan  

Avenue. About 150 f e e t  below the sample s t a t i o n ,  the creek enters  the  

Kalamazoo R iv e r .  S i t e  was se lected  as the d i r t i e s t  s i t e  (DNR, 1972)
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since I t  f lowed through p r i m a r i l y  in d u s t r i a l  areas and received the  

a l read y  stressed waters from s i t e  #3- S i t e  #4 is ch a ra c te r i z e d  by 

slow moving water  w ith  va r ied  t u r b i d i t y  (u s u a l ly  g r e a t e r  than # 3 ) .  

o c c a s io n a l ly  gray in appearance. On two occasions an o i l y  cast  was 

observed on the c re e k 's  sur face .  The bottom is s i l t  and sand w i th  

few la rge  rocks and d eb r is .  There is no ve geta t io n  o th e r  than some 

a lg a l  growth on rocks.

Sampling Methods

Square meter areas were se le c ted  which best  represented the creek  

a t  the sampling s t a t i o n .  I f  th e re  were both r i f f l e  and high f low  

areas ,  square meter  samples were taken o f  each. A hand net  w i th  a 

30 cm. t r i a n g u l a r  opening and two m i l l i m e t e r  mesh was dragged through 

the top f i v e  cent imeters o f  s i l t  and sand, i f  p resent .  Where bottom 

sediment was la c k in g ,  rocks and debr is  were sampled using a tweezer  

and eye dropper.  Each square meter was sampled u n t i l  f i v e  minutes  

lapsed w ith o u t  c o l l e c t i n g  an a d d i t io n a l  organism.

Samples were c o l l e c t e d  during a s i x t y  to n in e ty  minute per iod ,  

and an attempt was made to c o l l e c t  a t  le a s t  100 in d iv id u a ls  when 

po s s ib le .  Tota l  c o l l e c t i o n  sizes  ranged from 400 to 675 in d iv id u a ls  

r e f l e c t i n g  ease o f  c o l l e c t i o n ,  m acro in ver tebra te  d e n s i t i e s ,  and areas  

needed to o b ta in  a t  leas t  400 in d iv id u a ls  ( r e f e r  to Table 1, Chapter  

I I I ) .  Since one index required  a minimum o f  250 in d iv id u a ls  and i t  

took one working day to c o l l e c t  400 a t  the s i t e  w i t h  le a s t  d e n s i ty ,  

a minimum sample s i z e  o f  400 macro invertebr a tes  was se le c ted .

The macro in v e r te b ra te s  c o l l e c t e d  were a minimum o f  th ree
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m i l l im e t e r s  in length f o r  ease o f  i d e n t i f i c a t i o n .  The samples were 

c o l le c t e d  in one l i t e r  p l a s t i c  b o t t l e s  and preserved in f i v e  percent  

fo rm al in  and stored a t  approximately f i v e  degrees c e l c i u s .  One of  

the samplings from s i t e  was p a r t i a l l y  lo s t  due to inadequate 

l e v e ls  o f  formal in.

M acro inver tebra tes  were i d e n t i f i e d  to a t  l e a s t  fa m i ly  le v e ls  and 

genus when p o ss ib le .  The references used included taxonomic guides 

by Lehnkuhi (1979) and M e r i t t  (1978 ) .  For the d i v e r s i t y  index c a lc u ­

l a t i o n s ,  fa m i ly  le ve ls  were used since most f a m i l i e s  were represented  

by a s in g le  genus and gener ic  lev e ls  were not always i d e n t i f i e d .  Kaes-  

l e r  e t  a l .  (1978) suggests the use o f  f am i ly  and genus i d e n t i f i c a t i o n  

f o r  c a l c u l a t i n g  d i v e r s i t y  in d ices .

Index C a lcu la t io n s

The f i v e  methods o f  d i v e r s i t y  c a l c u l a t i o n  are  based on mathemati­

cal  p ro p e r t ie s  o f  populat ions ( o r  samples) o f  organisms. Each index 

c a l c u l a t i o n  w i l l  be discussed together  w i th  c o n d i t io n s .  Since d i f f e r ­

ent index values and methods w i l l  be compared, an evenness c a lc u la t io n  

w i l l  be determined f o r  each d i v e r s i t y  va lue to s tandard ize  the sca le  

o f  values (0-1 u n i t s ) .  A method f o r  c a l c u l a t i n g  a b i o t i c  index f o r  

comparison w i l l  a lso  be discussed.

Approximate Index

The Approximate Index equat ion est imates the d i v e r s i t y  o f  a 

sampled uncensused i n f i n i t e  community (K aes le r ,  1978):
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H" = ^  Nj /N x 1n(N^/N)  
i=1

where: HM = Approximate Index

s = taxa or species number
i. L

= number o f  in d iv id u a ls  in the i taxon 

N = t o t a l  number o f  in d iv id u a ls  in sample

B r i l l o u i n ' s  Index

The B r i l l o u i n ' s  Index measures the d i v e r s i t y  o f  a f u l l y  censused

community, such as a la rge  sample:

H = 1/N x log1 0 ! ( ! x ^ 1  x . . . I ' M ) ]

where: H = B r i l l o u i n ' s  Index

N! = the f a c t o r i a l  o f  the community s ize

N, ! = f a c t o r i a l s  o f  the number o f  in d iv id u a ls  w i t h in  1 . . .  s a taxon

B r i l l o u i n ' s  equat ion accounts f o r  the t o t a l  community or  sample

and, t h e r e f o r e ,  is not an es t im ator  o f  d i v e r s i t y  ( P ie lo u ,  1977) .  but

an actual  d i v e r s i t y  measurement. B r i l l o u i n ' s  Index is dependent on 

sample s i z e  re q u i r in g  la rge  sample s i z e  or  r e p l i c a t e d  smal ler  samples.

Sequential  Comparison Index

The Sequential  Comparison Index, or  SCI was developed to s i m p l i f y

c a lc u la t io n s  o f  d i v e r s i t y  (Cairns e t  a l . ,  1968) .  The SCI measures

d i v e r s i t y  o f  a f u l l y  censused community, as w i th  B r i l l o u i n ' s  Index.

SCI = N ' /  N . . ,runs t o t a l

where: SCI = Sequential  Comparison Index

N = number o f  runs o f  s i m i l a r  organisms . runs
Nt o t a l  = t o t a  ̂ number o f  in d iv id u a ls  in sample
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The o r i g i n a l  method f o r  determining the SCI se lec ts  an in d iv id u a l  

randomly from a co n ta in er  and the in d iv id ua l  is compared to the pre ­

v io u s ly  se lected  i n d i v i d u a l .  I f  the in d iv id u a ls  a re  a l i k e ,  then the  

l e t t e r  X is recorded (assuming one s t a r t s  w i th  X ) ; i f  they d i f f e r ,  the  

l e t t e r  JD is recorded. The symbol o f  the previous in d iv id u a l  is always

recorded when the selec ted  in d iv id u a l  is l i k e  the previous one; i f  no t ,

record the o th e r  symbol. A f t e r  a l l  the in d iv id u a ls  are ' •e lected ,  the  

number o f  runs a re  counted as determined by symbol changes ( ^ runs)*

At le a s t  200-250 specimens are necessary f o r  t h i s  method.

La ter  m o d i f ic a t io n s  to the SCI (Cairns e t  a l . ,  1971) used random 

number ta b les  to reduce randomizing e r r o r .  For the th e s is  a computer 

program was developed to  e v a lu a te  SCI values using a random number 

genera tor .  Since each randomly generated sequence o f  numbers is 

unique,  so a re  the SCI values generated by the program. As the sample 

s iz e  increases the d i f f e r e n c e s  among values decrease.  The values pre­

sented under Results are averages o f  f i v e  computer runs. The f i v e  

values were w i t h i n  th ree  percent  o f  the average.

Shannon Index

The Shannon d i v e r s i t y  index est imates d i v e r s i t y  o f  a sampled

uncensused i n f i n i t e  community: 
s

H1 = 2 1  Pj x 1o92 ^p i  ̂
i = 1

where: p. = the p r o b a b i l i t y  o f ^ e l e c t i n g  an in d iv id ua l
belonging to the i taxon

H‘ = Shannon's d i v e r s i t y  index

The Shannon equat ion can on ly  est imate the d i v e r s i t y  o f  a
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community. To determine p . ,  t o t a l  number o f  species and populat ion  

must be known. Since on ly  small samples ( le ss  than 1000) are u t i l i z e d  

in the study,  est imates  regarding t o t a l  species composit ion and popu­

l a t io n  o f  the community a re  very d i f f i c u l t  (Slocumb e t  a l . ,  1977) .

The taxon p r o b a b i l i t i e s  must be su b s t i tu te d  by the in d iv id u a ls  w i t h in  

a taxon d iv ided  by the t o t a l  sample s i z e .  In t h i s  form, the Shannon 

Index is very s i m i l a r  to the Approximate Index, except  f o r  the d i f f e r ­

ence in logar i thm ic  base.

Simpson's Index

The Simpson's Index was o r i g i n a l l y  designed to measure concentra­

t io n  o r  dominance o f  a t a x o n o r  species (Simpson, 1949) .  To use the  

index f o r  d i v e r s i t y  c a lc u l a t io n s  two equat ions must be a p p l ie d .  The 

f i r s t  equation determines concentra t ion  w h i le  the second u t i l i z e s  a 

negat ive  logari thm to transform increasing concentra t io n  to decreasing  

d i v e r s i t y .
s

C = j _  N. (N . -  1 ) /N (N -1 )
i=1 1 1 s

D = -1nC a lso  -D = -1n(  N. (N. - 1 ) / N ( N - 1 ))
i = 1 1 1

Where: C = Simpson's concent ra t ion

D = Simpson's d i v e r s i t y  index 

This index can determine d i v e r s i t y  f o r  both censused and uncensused 

commun i t  i e s .

B i o t i c  Index

There a re  many b i o t i c  indices used f o r  e va lu a t in g  water  q u a l i t y  

through macro invertebr a te  sampling o f  lakes and streams (Persoone, 1978;
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Goodnight, 1973)-  The "Score System" by Chandler  (1970)  worked best  

w ith  the taxa i d e n t i f i e d  from the sample s t a t i o n s .  To ob ta in  a "Score",  

a numerical  va lu e  is given to each taxon according to the t a x a 's  r e l a ­

t i v e  abundance. The score f o r  the taxa in each sample are  added to 

obta in  the va lu e .  The system was modif ied s l i g h t l y  f o r  the th e s is .

The o r i g i n a l  method used f i v e  minute samplings. Since the organism 

c o l l e c t i o n  ra tes  were r e l a t i v e l y  low (see Table  1 in Results c h a p t e r ) ,  

the e n t i r e  sample f o r  each s t a t io n  was eva lu a ted .

Evenness C a lc u la t io ns

As prev ious ly  discussed,  evenness or  e q u i t a b i l i t y  measurements are  

es s e n t ia l  in eva lu a t in g  d i v e r s i t y .  H u r lb e r t  (1971)  presents two methods 

f o r  determin ing the evenness o f  samples o r  communities o f  macro i n v e r t e ­

brates  :

V' = D/Dmax

V = (D-D . ) / ( D  -D . ) mtn max min

where: D = d i v e r s i t y  as determined by var ious indices

D = sample d i v e r s i t y  i f  a l l  taxa were equa l ly  
max abundant (maximum d i v e r s i t y )

D . = sample d i v e r s i t y  i f  one taxon was• represented
mm by N— ( S - 1) in d iv id u a ls  and the o th er  taxa  

represented by one in d iv id ua l  each.

V = evenness f o r  sample o f  uncensused community 

V 1 = evenness o f  f u l l y  censused community or  sample

Both o f  these methods r e l a t e  observed d i v e r s i t y  to maximum d i v e r s i t y  

poss ib le  in the s p e c i f i c  sample being measured. Care must be exercised  

regarding the use o f  V or  V' s ince d i f f e r e n t  indexes t r e a t  samples as 

e i t h e r  censused communities or  samples o f  uncensused communities.

Evenness tends to be more s e n s i t i v e  than the d i v e r s i t y  index
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a lone.  The evenness value  w i l l  f a l l  between zero and one regardless  

o f  the s p e c i f i c  d i v e r s i t y  in dex 's  range being eva lua ted .

Chemical and Physical  Measurements

In order  to c o l l e c t  chemical and physical  in format ion f o r  compari­

son o f  water  q u a l i t y  and the var ious ind ices ,  one l i t e r  samples were 

taken from each s i t e  and ana lyzed.  The an a ly s is  included temperature,  

disso lved  oxygen, pH, t u r b i d i t y ,  n i t r i t e s ,  n i t r a t e s ,  phosphates ( o r t h o ) ,  

and c h lo r id e s .

The Hach DR-1E co lo r im e te r  was used f o r  the measurement o f  t u r b i ­

d i t y  and the ni t ro gen  and phosphorus compounds. Dissolved oxygen v a l ­

ues were obtained using the modif ied  Wink le r  method. T i t r a t i o n  tech­

niques were used to e va lu a te  c h lo r id e s .

Index S e n s i t i v i t y  Test

To t e s t  index s e n s i t i v i t y  o r  an index's a b i 1i t y  to d i f f e r e n t i a t e  

s i m i l a r  communities, two s i m i l a r  c o l l e c t i o n s  were simulated and meas­

ured f o r  d i v e r s i t y  and evenness.

The researcher chose c o l l e c t i o n s  o f  f i f t e e n  taxa and kOO i n d i v i ­

duals based on the actua l  Portage Creek c o l l e c t i o n s .  The c o l l e c t i o n s  

each include f i v e  " r a r e "  taxa (one in d iv id ua l  per taxa)  and the b a l ­

ance d i s t r i b u t e d  almost evenly among the remaining ten taxa (see 

Appendix) .  According to the d i v e r s i t y  d e f i n i t i o n ,  d i v e r s i t y  is depen­

dent on both species or  taxa richness and the d i s t r i b u t i o n  o f  i n d i v i ­

duals among the taxa .  Since taxon number and sample s i z e  a re  i d e n t i ­

cal f o r  the simulated c o l l e c t i o n s ,  d i f f e r e n c e s  in d i v e r s i t y  depend on
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d i f f e r e n c e s  in d i s t r i b u t i o n  o f  the in d i v i d u a ls .  The c o l l e c t i o n  w i th  

a more even d i s t r i b u t i o n  than the other  should have the g re a t e r  d i ­

v e r s i t y .

Test  set  jl was simulated to be more evenly d i s t r i b u t e d  than set  

_A. The measure o f  standard d e v ia t io n  is used to conf irm the  d i f f e r ­

ences between the c o l l e c t i o n s .  The researcher wishes to note t h a t  the  

use o f  standard d e v ia t io n  to in d ic a t e  d i v e r s i t y  d i f f e r e n c e s  is unproven.  

The standard d e v ia t io n  is used s t a t i s t i c a l l y  to d i s t in g u i s h  d i s t r i b u ­

t io n  around the mean numbers o f  in d iv id u a ls  per taxon.
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CHAPTER I I I

RESULTS

A summary o f  c o l l e c t i o n  data can be found in Table  1. The t o t a l  

number o f  taxa i d e n t i f i e d  along w it h  t o t a l  organisms i d e n t i f i e d  are  

l i s t e d  in the t a b l e .  Some organisms were lo s t  p r i o r  to sampling as 

a r e s u l t  o f  i n s u f f i c i e n t  p r e s e r v a t iv e .  S i t e  # k  lo s t  the most organ­

isms; t w e n t y - e ig h t .  There were two organism d e n s i t i e s  c a l c u la t e d .  

The f i r s t  dens ity  r e l a t e s  organism number to area (meter ) ,  w h i le  

the second measures organisms c o l le c t e d  per u n i t  t ime ( f i v e  minutes) .  

There were two f low measurements made; the f i r s t ,  volume, r e f l e c t s  

amount o f  water  f lowing through area ,  and the second, r a t e ,  ind icates  

v e l o c i t y  o f  w a te r .  The low f low volume f o r  s i t e  #4 was not expected

Table 1 

C o l le c t io n  Data

S ta t io n  § 1 2 3 k

Taxa lit 16 16 8

Sample Size 674 588 490 372

Indiv idua ls /M ^ 266 100 100 50

l n d i v i d u a l s / 5  min. 2 k 20 8 6

Flow Volume ( f t V s ) k k 81 90 66

Flow Rate ( f t / s ) 2.1 3 .2 2 . 5 1.1

18

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



19

and probably a r e s u l t  o f  d i f f i c u l t i e s  in measuring depth. S i te s  #3 

and #4 should demonstrate s i m i l a r  f low volumes.

The organism d ens ity  values ( In d iv id u a ls /M  ) a re  approximate d i v e r ­

s i t i e s .  C o l le c t io n  sizes  were usua l ly  m u l t ip le s  o f  one hundred and 

sample areas were usua l ly  rounded to in teger  u n i t s .

Table 2 ind ica tes  the taxonomic leve l  and the corresponding num­

ber o f  in d iv id u a ls  i d e n t i f i e d  in each group. The same data can be 

found in Table 3 represented by percent  o f  s t a t io n  sample instead o f  

numbers o f  in d i v id u a l s .  This f a c i l i t a t e s  observat ion o f  changes in 

dominant groups among t e s t  s t a t i o n s .  A s h i f t  from the less t o l e r a n t  

organisms (Ephemeroptera, T r ic h o p te ra )  to the more t o l e r a n t  organisms 

( isopoda,  Ol igochaeta)  can be not iced  as s t a t io n s  become more s t ressed.

The d i v e r s i t y  index values and corresponding evenness values are  

l i s t e d  in Table 4. The t a b l e  a lso  includes a b i o t i c  index (score  

system) f o r  the four s t a t io n s .  G en era l ly ,  d i v e r s i t y  values range 

from zero to th ree  or  f o u r ,  except  f o r  the SCI which is zero to one.

Wilhm (1968) ind icated  values o f  t h r e e - f o u r  f o r  unpol lu ted  streams 

and values less than one f o r  p o l lu te d  streams.  The evenness value  

w i l l  f a l l  between zero and one. Values above 0 .6  represent  f a i r l y  

clean water  q u a l i t y  w h i le  values less than 0 .3  d ep ic t  water  stressed  

by oxygen dep le t in g  p o l lu t io n  (EPA, 1973)-

The two bar graphs (F igures 2 and 3) i l l u s t r a t e  the changes in 

d i v e r s i t y  as the s ta t io n s  become more s t ressed.  Note the low values  

o f  d i v e r s i t y  and evenness f o r  s i t e  #3 . This s t a t io n  is approximately  

o n e - h a l f  m i le  downstream from the s in g le  re g is te re d  e f f l u e n t  input  to 

the stream. The e f f l u e n t  is o f  an oxygen d e p le t in g  charac ter
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Table  2 

B io lo g ica l  Data

S i t e  #1 S i t e  §2 S i t e  #3 S i t e  # k

Amphopoda
Gammarus 1 60 0 3

1sopoda
A s e l1 us 88 88 76 171

Coleoptera
Elmidae 18 3 0 0

Dip tera
Chi ronomidae it 12 324 34
S i mu 1i dae 58 17 0 0
Chaoboridae 0 0 0 1

Gastropoda
Physa 0 0 1 0
H e l ? soma 0 0 1 0
Limpets 0 0 13 0

Hemiptera
Corix idae 0 1 0 0
Naucoridae 0 1 0 0

Odonata
Coenagrion i dae 2 1 2 2
Agrionidae 0 0 1 0

0 1 igochaeta
Tubi fex 0 0 0 40
Lumbriculus 0 0 0 4

Tr ich o p te ra
Hydropsychidae 11 92 4 0
Odontoceridae 0 1 0 0
Phyrgan i dae 1 0 1 0

Ephemeroptera
Baet idae 289 224 27 0
Heptageni idae 145 13 4 117
0 1 igoneuridae 42 52 24 0
Caenidae 5 1 4 0

Arhynchobdel1i da 
Glossiphoni idae
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Table 2,  Continued

S i t e  # \ S i t e  # 2  S i t e  #3 S i t e  ffk

P i s c ic o l id a e 0 k k 0

Hydracarina 1 0 1 0

T u b e l l a r i a  
P lan ar i  idae 10

O0
0 0

»

Tota l  Number 675 588 kSO 372

Tota l  Taxa 1A 16 16 8

(paperwaste c l a r i f i e r ) .

The chemical and physical  data presented in Table 5 r e f l e c t  s in g le  

one l i t e r  samples taken from each o f  the fo ur  s i t e s  w i t h in  a n in e ty  

minute p e r io d .  Tests were performed w i t h i n  tw e n ty - fo u r  hours, except  

f o r  temperature ,  dissolved oxygen, and pH; these measurements were 

made w i t h in  f i f t e e n  minutes o f  c o l l e c t i o n  t ime.

The physical  and chemical data found in Table 5 do not reveal  

much about the low d i v e r s i t y  l e v e ls  observed in Figures 2 and 3.  

According to the chemical d a ta ,  the stream appears f a i r l y  hea lthy  

(except  f o r  possib le  heavy metals and/or  o rgan ic  to xins which were not  

measured in t h i s  s tudy) .

Sample data were simulated (Appendix) using ^00 in d iv id u a ls  

d i s t r i b u t e d  among 15 taxa .  The Samples A and £  d i f f e r  s l i g h t l y  as 

demonstrated by the standard d e v ia t io n s .  Sample A,, w i th  the highest  

standard d e v i a t i o n ,  should demonstrate lower d i v e r s i t y  according to
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Table 3

B io lo g ica l  Data -  Percent Composition

S i t e  #1

Amphopoda
Gammarus 0

I sopoda 
A sel lus  13

Coieoptera
Elmidae 3

D ip te ra
Chironomidae <1
Simul idae 9
Chaoboridae 0

Gastropoda
Physa 0
Hei i soma 0
Limpets 0

Hemiptera
C o r ix id ae  0
Naucoridae 0

Odonata
Coenagr ion idae -'1
Agr ion idae  0

0 1 i gochaeta
Tubi fe x  0
Lumbricuius 0

Tr ich o p te ra
Hydropsychidae 2
Odontoceridae 0
Phyrganidae <1

Ephemeroptera
Baet idae kZ
Heptageni idae 21
0 1 igoneuridae 6
Caenidae 1

S i t e  #2 S i t e  #3 S i t e  # k

10 0 1

15 15 k6

a 0 0

2 65 9
3 0 0
0 0 a

0 a 0
0 <,1 0
0 3 0

<1 0 0
<1 0 0

a '1 <1
0 a 0

0 0 10
0 0 1

15 1 0
<1 0 0

0 a 0

37 5 0
2 1 31
9 5 0

< 1 1 0
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Table 3> Continued

S i t e  #1 S i t e  n S i t e  #3 Si te  # k

Arhynchobdel1ida
Glossiphoni  idae 0 0 < 1 0
P i s c ic o l i d a e 0 1 0

Hydracarina 1 0 < 1 0

T u b e l l a r i a
P lanari  idae 2 3 0 0

100% 100% 100% 100%

the d ive rs i ty /e ve n n ess  d e f i n i t i o n .  This assumption was confirmed by 

four o f  the f i v e  indexes; B r i l l o u i n ' s  index values did not agree w it h  

the o ther  index va lues .  B r i l l o u i n ' s  index in d ic a te d  th a t  sample J3 had 

the highest  d i v e r s i t y  and evenness.

Of the four indexes which gave t h e o r e t i c a l l y  c o r re c t  values f o r  

_A and JB, Simpson's shows the g r e a te s t  d i f f e r e n c e  between d i v e r s i t y  

and evenness measurement. Shannon's index a lso  demonstrates a d i f f e r ­

ence between d i v e r s i t y  values f o r  A and B.
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Table 4 

C a lc u la t io n  o f  Indices

Index S i t e  #1 Si te  #2 S i t e  §3 S i t e  #4

Approximate 1.68 1.88 1.24 1.31
V 0.779 0.653 0.395 0 .608  •

B r i 1l o u i n 1s 1.64 1.83 1.19 1.27
V 0.617 0.651 0 .398 0.608

SCI 0.717 0.758 0 .500 0.626
V 0.790 0.832 0 .524 0.737

Shannon 2.43 2.71 1.78 1.89
V' 0.794 0.677 0.442 0 .629

Simpson1s 1.36 1.55 0 .76 1.11
V 0.662 0.547 0.258 0.532

B i o t i c  Index 470 450 402 178

Chemical

Table 5 

and Physical Data

Parameter Si t e  #1 S i t e  # 2 S i t e  #3 S i t e  #4

Temperature (°C) 19 15 19 18

O2 , dissolved 12 9 .6 9 .6 9 .6

PH 8.3 7 .9 8 .2 8 .0

T u r b i d i t y  (FTU) 15 15 20 25

N i t r i t e  (mg/1) 0.015 0.008 0.018 0.018

N i t r a t e  (mg/1) 1.7 1.5 1.8 1.8

Phosphate, ortho  
(mg/1)

0 .6 0 .5 0 .4 0 .4

Chlor ides  (mg/1) 44 52 42 50
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Key f o r  bar graph i d e n t i f i c a t i o n :  

Figure 2 and Figure 3

Approximate == Sequential  Comparison Index

B r i 1l o u in 's Shannon1 s Simpson's
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Tab le  6 

Test  Data

Test  Set A B

Taxa 15 15

In d iv id u a ls 1(00 400

Standard d e v ia t io n 19.62 18.91

Approximate Index 2.341 2.348

*v 0.861 0.863

B r i l l o u i n ' s  Index 2.270 2.179

V 0.855 0.818

SCI 0.845 0.848

V 0.948 0.951

Shannon1s 1ndex 3.378 3.387

0.858 0 .860

Simpson's Index 2.310 2.323

V 0.846 0.851

*V = evenness o f  f u l l y  censused c o l l e c t i o n  or  community 

* * V '  = evenness o f  sample from uncensused community
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CHAPTER IV

DISCUSSION 

B io lo g ic a l  Data

A p r o f i l e  o f  the sampling s i t e s  along the Portage Creek w i l l  be 

developed u t i l i z i n g  d i f f e r e n t  p ro p e r t ies  o f  the m acro in ver te bra te  com­

munit ies  sampled. The p ro p e r t ie s  to be discussed include to le ra n c e ,  

p r o d u c t iv i t y  and taxa r ichness,  and a b i o t i c  index.

The a b i l i t y  o f  aquat ic  organisms to withstan d environmental  st ress  

r e fe r s  to  i t s  to le r a n c e .  There a re  th ree  le v e ls  o f  to le ra n c e  g e n e r a l ly  

accepted in water  q u a l i t y  a n a ly s is :  t o l e r a n t ,  i n t o l e r a n t ,  and f a c u l ­

t a t i v e .  The Environmental P ro tec t io n  Agency (EPA) d ef in es  these terms 

as:

T o le ra n t  -  Organisms f r e q u e n t ly  associa ted w i th  gross 
organic  contaminat ion which a re  g e n e r a l ly  capable o f  
t h r i v i n g  under anearobic co nd i t ions .

F a c u l t a t i v e  -  Organisms which have a wide range o f  
to le ra n c e  and f r e q u e n t ly  are associated w i th  moderate 
l e ve ls  o f  organ ic  contaminat ion.

I n t o l e r a n t  -  Organisms t h a t  are not found assoc iated  w ith  
even moderate le ve ls  o f  organ ic  contaminants and are  
g e n e r a l ly  i n t o l e r a n t  o f  even moderate reduct ions in 
dissolved oxygen. (EPA, 1973, 18-19)

A l l  fo ur  s i t e s  (Table 1) include taxa belonging to each to le rance  

leve l  (EPA, 1973; H i l s e n h o f f ,  1977; Lehmkuhl, 1979)-  Relying on per ­

cent t o l e r a n t  taxa ,  the s i t e s  rank in the order  from less stressed  

to more stressed (by organ ic  p o l l u t a n t s ) ;  #1,  2,  4 ,  3- The t o l e r a n t  

taxa are p r i m a r i l y  numbers o f  the genus A s e l 1 us ( isopoda) ,  o f  the

29
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insect  fa m i ly  Chironomidae, and the Oi igechaeta f a m i l y .  Using percent  

i n t o l e r a n t  and f a c u l t a t i v e  taxa ,  the ranking o f  the s i t e s  is the same.

The predominant number o f  organisms in t h is  group are  from the insect  

orders Ephemeroptera and T r ic h o p t e ra ,  and the crustacean ord er Ampho- 

poda. Based on the above data ,  the s i t e s  f o l lo w  the sequence from 

# 1 , 2 , 4 ,  to 3 where; s i t e  #1 conta ins a macro in ver tebra te  community 

w ith  the le a s t  st ress  from organic contaminants and s i t e  #3 w it h  the  

most s t res s .

The p r o d u c t i v i t y  o f  an aquat ic  community can also  g ive  in s ig h t  

as to the e f f e c t s  o f  p o l l u t a n t  s t r e s s ,  p r i m a r i l y  t o x ic  and severe  

organ ic  p o l l u t i o n .  Since severe organ ic  p o l l u t i o n  appears to be lack­

ing in Portage Creek (Table  5 ) ,  t o x i c  e f f e c t s  w i l l  be discussed.  As 

a community experiences to x ic  p o l l u t i o n ,  the organism dens ity  dec l ines  

(Persoone e t  a l . ,  1978) .  According to Table 1, dens ity  is highest  in 

s i t e  #1 and lowest in s i t e  #4. This d i f f e r e n c e  in d e n s i t i e s  may re ­

s u l t  from e i t h e r  h a b i t a t  change or  t o x i c i t y .

As prev io us ly  discussed, the creek's bottom changes from rock 

aggregate a t  s i t e  #1 to a s i l t - s a n d  bottom w it h  some debris f o r  s i t e  

#4.  The coarse aggregate bottom o f  s i t e s  #1 and #2 are  good sub­

s t r a t e s  f o r  d i f f e r e n t  taxa o f  the m ayf l i es  and c a d d i s f l y ,  w h i le  the  

absence o f  such a h a b i t a t  and an abundance o f  s i l t  would not provide  

an ideal  environment f o r  most taxa o f  these two groups. One would 

expect to f in d  an abundance o f  t u b i f i c i d  worms, s n a i l s ,  and leeches., 

e s p e c ia l l y  a t  the low f low ra te  (Table 1 ) .  This is not the case.

Not only is the p r o d u c t iv i t y  low, but the taxa r ichness (number) is 

reduced. Decrease in both taxa and populat ion  numbers in d ic a te
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possib le  e f f e c t s  from t o x i c  wastes on the community(Persoone e t  a ! . ,  

1978) .  Analys is by the DNR o f  sediment samples have i d e n t i f i e d  lead,  

a rs e n ic ,  and o ther  heavy metals as being present .  Fur ther  stud ies  

would be necessary to determine i f  the reduct ion o f  taxa and popula­

t io n  were d i r e c t l y  a t t r i b u t e d  to heavy metal t o x i c i t y .  The condit io n  

o f  the s i t e  # k  community may also be the r e s u l t  from the f lu sh in g  o f  

sediment deposits during per iods o f  high f low ( a f t e r  ra in s torm s) .

Visual  observat ions o f  the s i t e  indicated  l i t t l e  f l u c t u a t i o n  in s i l t  

deposit  depth and s i z e .

Using p r o d u c t i v i t y  and taxa richness as in d ic a to rs  o f  community 

hea l th  (and water  q u a l i t y )  in d ic a te  th a t  s i t e  #1 is the h e a l t h i e s t  

community w h i le  s i t e  # k  is the leas t  hea lthy s i t e  (poss ib ly  a r e s u l t  

o f  t o x i c i t y ) .  S i tes  §2 and #3 are s i m i l a r ,  both h e a l t h i e r  than but 

not as hea lthy  as s i t e  #1.

The modif ied "Score System" b i o t i c  index (Chandler ,  1970) i n d i ­

cates s i t e  #1 and #2 a re  the le a s t  stressed (or h e a l t h i e s t ) ,  s i t e  #3 

is s l i g h t l y  less ,  and s i t e  § k  is the most s t ressed.  The b i o t i c  index 

can g ive much q u a l i t a t i v e  information  on the community and i t s  res­

ponse to many d i f f e r e n t  forms o f  st ress  ( H i l s e n h o f f ,  1977)-  The b io ­

t i c  index supports the richness and populat ion data (Table 1) and 

possib ly the conclusion th a t  s i t e  is stressed by to x ic  wastes.

Since the b i o t i c  index va lue depends on the types and number o f  taxa 

present ,  one would expect  the index to agree w i th  taxa richness da ta .

In summary, the b io lo g ic a l  data o f f e r s  two poss ib le  p r o f i l e s  f o r  

the water  q u a l i t y  and community hea lth  o f  the sample s i t e s .  The f i r s t  

sequence (#1,  2,  4, 3) r e f l e c t s  the possible e f f e c t s  o f  organic
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p o l l u t i o n  d ep le t in g  oxygen. The second sequence (#1 ,  2, 3> 4) r e ­

f l e c t s  possib le  t o x ic  p o l l u t i o n  as a r e s u l t  o f  heavy metals in the  

sediment. Since the purpose o f  the p r o f i l e  is to t e s t  the accuracy  

o f  the var ious  indices ,  the t e s t  p r o f i l e  must e x h i b i t  p ro p er t ie s  

e a s i l y  measured by d i v e r s i t y .  The d i v e r s i t y  index is most e f f e c t i v e  

when measuring the e f f e c t s  o f  oxygen d e p le t in g  organ ic  wastes (P ie lo u ,  

1977; H i l s e n h o f f ,  1977) .  Since t o x i c  wastes tend to reduce both taxa  

r ichness and number o f  organisms, d i v e r s i t y  indices can g ive  f a l s e  

values i f  the in d iv id u a ls  a re  d i s t r i b u t e d  evenly among the remaining  

taxa .  T h ere fo re ,  the f i r s t  sequence is #1,  2, 4, 3»

Chemical and Physical  Data

The chemical and physical  data (Table  5) in d ic a te  l i t t l e  d i f f e r ­

ence among sample s i t e s .  The low temperature f o r  s i t e  § 2  probably  

re s u l t s  from the j o i n i n g  o f  the west f o r k  o f  the Portage Creek to the  

main creek .  S i t e  #1 has the highest  d isso lved  oxygen level  w h i le  the  

oth e r  s i t e s  have id e n t ic a l  lower va lues .  A l l  the values a re  above the 

4 . 0  mg/1 lower l i m i t  recommended f o r  a hea lthy  stream by the DNR 

(1972 ) .  The same DNR study ind ica ted  t h a t  d isso lved  oxygen le ve ls  

f l u c t u a t e  r a d i c a l l y  w i th  seasonal changes. The data from Table 5 came 

from May sampling t imes.  The recorded values are s i m i l a r  to those 

ind icated  by the DNR f o r  the time period measured.

The t u r b i d i t y  l e v e ls  increased as the creek approached the center  

o f  the c i t y  (sequence #1,  2,  3, 4 ) .  The p ro g ress ive ly  h igher  t u r b i ­

d i t y  may i n h i b i t  photosynthet ic  a c t i v i t y  and a f f e c t  community s t r u c ­

t u r e .  The le ve ls  found are not excessive and the shal low depth o f

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the creek should a l lo w  s u f f i c i e n t  l i g h t  f o r  benthic  photosynthet ic  

organisms.

N u t r i e n t  l e v e ls  were adequate but not excessive  since an o ver ­

abundance o f  p la n t  growth was not apparent  ( e u t r o p h i c a t i o n ) . The 

ni t rogen  conta in in g  n u t r i e n t s  and phosphate appeared s l i g h t l y  lower 

in s i t e  § 2 .  About 500 f e e t  upstream from s i t e  §2 is located a dam 

and pond which tem p o rar i ly  slow the water  f lo w .  There is much vege­

t a t i v e  growth in the pond which may u t i l i z e  some o f  the n u t r i e n t s .

The n u t r i e n t s  are probably replenished w i th  f e r t i l i z e r  ru n o f f  and 

e f f l u e n t  from the paper waste c l a r i f i e r .  The ch lo r id es  present  may 

r e f l e c t  c i t y  s t r e e t  ru n o f f  during r a in s .  The s a l t  l e f t  over from 

w i n t e r  d e - i c in g  along w i t h  exhaust  p a r t i c u l a t e s  (co n ta in in g  lead)  are  

presumably washed in to  the  creek.

In summary, the chemical and physical  parameters measured i n d i ­

ca te  on ly  small d i f f e r e n c e s  among s i t e s .  The data suggests t h a t  the  

water  q u a l i t y  was good a t  the time o f  sampling. Since the chemical  

and physical  parameters can change ra p id ly  w i th  t ime and season (DNR, 

1972, 1983) ,  adjustment o f  the p r o f i l e  to include t h i s  data would have 

l i t t l e  j u s t i f i c a t i o n .

Background Data

The h i s t o r y  o f  the Portage Creek ind ic a tes  t h a t  s i t e  # k  has 

always been a h igh ly  p o l lu te d  sect ion o f  the creek  (DNR, 1972, 1982) .  

No s tud ies  were made on the upper sect ion  o f  the creek  ( s i t e  # 1 ) ,  but 

comparisons were made between s i t e s  #2 and t fk .  S i t e  # 2  always demon­

s t r a t e d  b e t t e r  water  q u a l i t y .  The chemical ,  p h y s ic a l ,  and b io lo g ic a l
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data obtained through sampling during the study tend to r e f l e c t  values  

and c o l l e c t i o n s  presented by the DNR. The pr imary d i f f e r e n c e  is th a t  

the th es is  data gives a s l i g h t l y  h e a l t h i e r  assessment o f  the water  and 

community q u a l i t y .

On several  mornings during sampling per iods ,  an o i l i s h  cast  was 

observed on the c re e k 's  sur face  in the area o f  s i t e  # k .  An employee 

o f  a f i r m  located on the creek observed o c c a s io n a l ly  th a t  the creek  

appeared milky  gray in c o lo r .  Both events suggest , along w i th  the  

present  chemical da ta ,  th a t  the water  is o f  g e n e r a l ly  good q u a l i t y  

w ith  occasional  inputs o f  gross p o l l u t i o n .

Unless one can observe or  chemica l ly  monitor  every appearance o f  

p o l l u t a n t s ,  chemical and physical  parameters would not ac cu ra te ly  

measure p e r tu rb a t io n s  caused by i r r e g u l a r  instances o f  p o l l u t i o n .

In summary, h i s t o r i c a l  data suggests s i t e  # k  is a very stressed  

l o c a t io n .  The most recent  data (DNR, 1983) suggests the water  q u a l i t y  

is improving ch em ica l ly .  The chemical t e s t in g  o f  water  q u a l i t y  may 

overlook  occasional  instances o f  p o l l u t i o n ,  e s p e c i a l l y  in f lowing  

waters .  T h e re fo re ,  long term monitor ing is necessary to adequately  

de tec t  p o l l u t a n t  input .  B io lo g ica l  systems monitor  c o n t in u a l l y  over  

the l i f e  span o f  the organisms w i t h in  the b i o t i c  community.

The b io lo g ic a l  community constan t ly  monitors the water  in which 

i t  e x i s t s ,  u n l ik e  the occasional  t e s t in g  o f  chemical and physical  

parameters. The b io lo g ic a l  data w i l l ,  t h e r e f o r e ,  determine the pro­

f i l e  aga in s t  which the d i v e r s i t y  indices w i l l  be eva lu a ted .
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D i v e r s i t y  Data

The water  q u a l i t y  p r o f i l e  as determined by the b io lo g ic a l  data 

discussed e a r l i e r  provides a model on which the d i v e r s i t y  indices can 

be evaluated  f o r  accuracy.  According to the p r o f i l e ,  s i t e  #1 is a 

community exper iencing  the le a s t  amount o f  s t ress  from organ ic  p o l l u ­

tan ts  (best  water  q u a l i t y ) ,  fol lowed by s i t e  #2,  then s i t e  and 

the most s t ressed,  s i t e  #3- Although the c o l l e c t e d  data c o n f l i c t s  on 

the stressed s ta te s  o f  s i t e s  #3 and § k ,  the sequence was chosen based 

on data more fa vo rab le  to d i v e r s i t y  indices (o rgan ic ,  oxygen dep le t in g  

p o l 1ut i o n ) .

On observing the var ious d i v e r s i t y  values (Tab le b ,  F igure 2 ) ,  

not one index f i t s  the p r o f i l e .  Using evenness c a l c u la t io n s  f o r  each 

index,  unevenness w i t h in  c o l l e c t io n s  is compensated. According to the  

bar graph (F igure  3 . ) ,  the Approximate, Shannon's, and Simpson's in ­

dices f o l lo w  the same sequence o f  the proposed p r o f i l e  ( s i t e s  #1,  2,  

b ,  3 ) .  Both B r i l l o u i n ' s  and the SCI ind icates  the b io ta  o f  s i t e  #2 is 

more d iv e rs e  than s i t e  #1. Note t h a t  there  is l i t t l e  d i f f e r e n c e  be­

tween s i t e s  #1 and § b  using B r i l l o u i n ' s  and SCI, which c o n t ra d ic ts  

both present  and h i s t o r i c a l  da ta .

In summary, based on accuracy f o r  d e tec t in g  organ ic  wastes,  the  

Approximate, Shannon's and Simpson's indices are good in d ic a to rs  fo r  

stressed communities.

Index S e n s i t i v i t y  Data

The purpose o f  the t e s t  data sets was to eva lu a te  the a b i l i t y  

o f  each index to separate  c o l l e c t io n s  w it h  s i m i l a r  d i s t r i b u t i o n s
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( s e n s i t i v i t y )  and to check f o r  co r re c t  in d ic a t io n s  o f  d i v e r s i t y  and 

evenness. The indices gave the expected values f o r  each t e s t  c o l l e c ­

t io n  except B r i l l o u i n ' s  index.  The d i v e r s i t y  and evenness values f o r  

B r i l l u o i n ' s  index ind icated  t h a t  t e s t  set  A was more d iverse  than £  

(Table 6 ) .  According to the d e f i n i t i o n  o f  d i v e r s i t y  and the standard  

d e v ia t io n  o f  each t e s t  s e t ,  B r i l l o u i n ' s  index gave a f a l s e  i n d i c a t i o n .

Of the d i v e r s i t y  indices r e s u l t in g  in co r r e c t  va lu es ,  Simpson's 

demonstrated the g re a te s t  d i f f e r e n c e  between t e s t  data sets using both 

d i v e r s i t y  and evenness. Shannon's index produced the next  g re a te s t  

d i f f e r e n c e .

The a b i l i t y  o f  an index to d i s t in g u is h  d i f f e r e n c e s  among c o l l e c ­

t io n s  is very important  when construct ing  a monitor ing program. Such 

a program may on ly  invo lve two t e s t  s t a t i o n s ,  one above the e f f l u e n t  

input ,  the o ther  below. I f  th e re  is a change in community as a r e s u l t  

o f  the e f f l u e n t ,  the index should be ab le  to d is t in g u is h  any d i f f e r e n c e  

between the contro l  and t r e a te d  s t a t i o n s .  A s e n s i t i v e  index could more 

r a p id ly  i d e n t i f y  e f f e c t s  from the e f f l u e n t ,  r e s u l t i n g  in f a s t e r  a c t ion  

to reduce the damage to the b i o t i c  community and water  q u a l i t y .
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CHAPTER V

CONCLUSIONS

A f t e r  eva lua t ions  o f  index accuracy and s e n s i t i v i t y ,  Simpson's 

and Shannon's indices gave the best  re s u l t s  o f  the indices tes ted  on 

the study data .  Simpson's index was determined "bes t"  t h e o r e t i c a l l y  

since sample and community d i v e r s i t y  is a c t u a l l y  measured and not 

est imated as w i th  Shannon's index.

Using a microcomputer, the Simpson's index would f i t  in to  an ac­

curate,  sensi t i v e  and rapid b io lo g i c a l  monitor ing program. Meaningful  

r e s u l ts  were obtained w i th  macro in ver tebra te  i d e n t i f i c a t i o n  to the  

f a m i ly  leve l  (Kaes le r ,  1977) .  S in g le  samples o f  350 or  more i n d i v i ­

duals should be adequate f o r  determin ing both d i v e r s i t y  and evenness 

va lu es .  The recommended sample method uses a hand dip n e t ,  exhaus­

t i v e  sampling r e p r e s e n ta t iv e  areas o f  the c r e e k 's  bottom. Sample 

sizes should be s im i l a r  to make the c a l c u l a t i o n s  most e f f e c t i v e  

( H u r l b e r t , 1971) .

For index c a l c u l a t i o n ,  the necess i ty  o f  evenness c a l c u l a t i o n s  

must be emphasized. As observed in the study, evenness values f i t  

the stream p r o f i l e  wh i le  the d i v e r s i t y  values alone probably did not .  

D i v e r s i t y  is a funct io n  o f  both species r ichness and the evenness or  

balance w i th  which the in d iv id u a ls  are d i s t r i b u t e d .

Further  research is recommended using simulated and real  data  

to in v e s t ig a t e  the v a l i d i t y  o f  index c a l c u l a t i o n s .  The unexpected 

d i v e r s i t y  and evenness value obtained using the B r i l l o u i n ' s  index
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on the  t e s t  data requ ires  more i n v e s t ig a t i o n .

Another unexpected r e s u l t  o f  t h i s  study is the poss ib le  use o f  

standard d ev ia t io n  in the measurement o f  d i v e r s i t y .  Although stan­

dard d ev ia t io n  may not be der ived  from informat ion theory ,  i t  can 

give  in s ig h t  to the d i s t r i b u t i o n  o f  a c o l l e c t i o n  around an a r b i t r a r y  

mean. The researcher has demonstrated the use o f  the standard d ev ia ­

t io n  on c o l l e c t i o n s  w i th  id e n t ic a l  taxa number and s i z e .  Possibly  

by manipulat ing the standard d ev ia t io n  value  to account f o r  sample 

s i z e  (such as [SD/s ize ]  x c o n s ta n t ) ,  a s impler  means o f  c a l c u l a t in g  

d i v e r s i t y  can be developed.

D i v e r s i t y  ind ices ,  e s p e c i a l l y  the Simpson's index,  a re  important  

par ts  o f  p o l l u t i o n  monitor ing programs. D i v e r s i t y  indices f i t  w i th in  

a b io lo g ic a l  monitor ing program ( O t t ,  1978) and should be complemented 

w ith  o ther  b i o l o g i c a l ,  chemical ,  and physical data (Worf , 1980) to  

obta in  a comprehensive p ic t u r e  o f  water  q u a l i t y  and i t s  e f f e c t  on the  

b i o t i c  communi ty
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APPENDIX 

SENSITIVITY TEST DATA

Set# 1 2 A B

15 species 27 1 1 1
approximately  
400-405 no. 27 1 1 1

27 1 1 1

27 1 1 1

27 1 1 1

27 1 30 30

27 1 30 30

27 1 30 35

27 1 40 40

27 1 40 40

27 1 40 40

27 1 50 40

27 1 50 40

27 1 50 50

27 386 35 50

405 400 400 . 400

- - 19.26 18.91

Max D Min D Test cases

The Max and Min data se ts ,  1 and 2, are used f o r  determin ing evenness.  
Test  sets A E B are close in composit ion, except set  £  has a lower  
standard d e v ia t io n  than A. A good d i v e r s i t y  index should: ( l )  s e le c t
set  _B as the most d iv e rse ;  (2) d i f f e r e n t i a t e  between /\ & J3.
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