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PREFACE
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of the Director , Chemical Systems Laboratory , Attn:  DRDAR-CLJ.l , Aberdeen Proving Ground.
Maryland 21010; however , DDC and the National Technical Info rmation Service are authorized to
re produce the document for US Government purposes.
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SUMMARY

In the course of analysis of macroinv ertebrate data obtained during ecological surveys
conducted during the project , a scheme of data analysis was developed. The following report de-
scribes a computer pro~~am developed to perform a portion of this data analysis.
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A COMPUTER PROGRAM FOR THE ANALYSIS
OF MACRO INVERTEBRATE DATA FROM WATER QUALITY SURVEYS

I . INTRODUCT ION.

The structure and organization of biological communities are of great interest to scien-
tists involved in the study of these communities. Community analysis has long been a part of the
h eld of pollution biology because one of the basic assumptions of community  analysis is that pol-
luted communities have different species occurrences and abundances than nonpo lIuted communities.
Species diversity and density measurements are routinely made by pollution biolog ists dur ing pol-
lution surveys. The following is a description of a computer program that calculates some of th es~’
parameters.

II .  SPECIES DIVERSITY MEASURES.

A. Shannon Diversity Index.

The Shannon diversity index is derived from information theory~~
3 as

k
— 

fl i ~~
d —~~~~---- log 2 — ( I )

where pi is the total number of individuals in k species. and ii , is the number of individual s  in the i th
species. The relative maximum of d is assumed when the n1 (i = I k) are uniformly distributed
wit hin the community,  hence

= log 2 k ( 2 )

The relative minimum is calculated according to

- / k + l \
dm i n

= log 2 n — ~~l ___ ___) l o~2 ( n — k +  I )  (3)

The relative efficiency, synonymous with the normed version of d . or evenness ,4 is the
n icasu r e  of the ratio of the sample distribution of to the theoretical uniform distribution of in it:

I ~~&.~~ f l1 fl

d )  — log. — ( 4)
log 2 k L..J n it

l o t

The redundancy is the complement of the effic iency:

dy~~~I~~~d (5)  
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B. Simpson Diversity index.

The Simpson diversity index is defined as5

k n. (n 1 — I)
S = I — 

,z (,i — 1 )  
(6)

i — I

where

n > I

and

~~~~~~~~~~fi
1

c 0 f i

The relative maximum and minimum are calculated according to the following
equati ons:

n ( k — l )
S = ( 7 )

max 
~~n — l )

/
~ mj n =

~
2- —)

~
——i-) (8)

The normed version of equation 6 is

n(1 — 1/ k )  [ — (n 1 ~~1)] ( 9 )

and the redundancy is again the complement of the normed version of the diversity index ,

S~ = I — S

C. Mcintosh Diversity Index.

The McIntosh diversity index assumes sampies are taken from an infini te  popul ation ,
where each sample contains n individuals in k different species present , n~ individuals in the ith
species , a nd

f l u =

6
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The Euclidean measure is

k 1/2
( 10 )

where p1 is the proportion of individuals that belong to the ith species ,

k

and where I / k  ~~~~~ I .

The McIntosh measure of species diversity is t h e - i  defined to he

( 1 1 )

As each P u I / k , U attains its relative maximum ,

U = 1— —  ( 1 2 )
max

The relative minimum is attained according to the least uniformly distributed combination of the
n , ( i =  1 , 2 k)  in ,z:

k — I
Umin

= ( 1 3 )

The ratio of’ t h e ca lcul ated species dive rsity ( to its  re lative m a x i m u m  ‘
n , , is the

normed version of L ’:

U = 
I — i / ~/~ 

— 

~~~~~ 

P
u ) ]  

( 14 )

The redundancy (the measure of the deviation of sample distribution with respect to
the true uniform distribution ) is again the complement of the norned version:

Ur = I ~~~U ( 1 5 )

III. DESCRIPTION OF DICALC PROGRAM.

The FORTRAN V program DICALC (see appendix) was developed for analysis of hio-
logical data and comparison of population and ecological studies. 7 DICALC ori ginally included
complete calculations of species occurrence , relative abundance at a sample station , and measures of

7
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species diversity for analysis of the sample distribution. In addition to these listings , the new version
of DICALC includes the computat ions  for the approximate density of the species at each station and
for the relative and absolute abundance of each of the species. DICALC also calculates the grand
total ior all of the stations , dete rmines the overall species diversity,  the rela tive and absolute ahun -
da nces , and the approximate d en s i t y  of ’ each species in the sampling area .

D 1CALC can accommodate a inaxin ium of 150 samples and 60 different species. If
greater numbers of either are necessary, the program may be easily modified by use of the
paratr tet ers NS IZE and MSPEC , the maximum number of samples and the maximum number  of
species , respectively. By changing the  value of either or both paramet ers . the amount of storage is
cha nge d without  fur ther  modificat ions to the program.

The following is a list of FORTRAN variables used in this version of DICALC listed in
the order entered for i npu t  and in t i e  order printed for o u t p u t :

Variable na me Description Ty pe

I nput
N t in ih er  of diffe rent species present IS

\SS Number  of statio n s 15
ISSi J )  Number  of substations for each station 1615
~fl~~~: 

Site location I 2A6
PROG Data to be considered A6
MFTHOI) Type of sampling method A6

Numerical surface area of sampler F lO .6
ST..\T Station names 5A6
SE’F(’ Species names 5A6
J~sl Spec es numbers  I 2
F - ~l’[ Format h~ which  to read data I 3A ( . -\2

Ou tput
NtI .ii I)ata matrix See I Mi’

Number of individuals per un i t  area for each station I 10.2
Total number  of individuals per unit  area F 10.2
Absolute abundance F 10.2
Number of individuals for each station F 10.0

XP Relat ive abundan r e  F I 0 . 2
XS Number of species present at each station Fl 0.0
H Shannon diversi ty index (designated d in section h A )  F 10.4
I I\ l  Relat ive max imum F 10.4
I IM I Relative m i n i m u m  F 10.4
HF Relat ive efficiency (normed index ) Fl0 .4
U R R  Redundanc y  Fl0 .4
SL Simpson lambda FI O. 4
S Simpson diversity index F 10.4
SM Relative maximum FI0.4
SM! Relative minimum FIO.4

8
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Variable name Description Type

SF Relat ive efficiency (normed index )  1:10.4
SRR R e du n d at lc v  Fl0 .4
UI) Mcin tosh  delta  F 10.4
U Mcintosh diversity index FIO.4
UM Relat ive m a x i m u m  F 10.4
UM ! Relat iv e  m i n im u m  F l0.4
UF Relative efficiency (n or m ed i n d e x )  F 10.4
URR Redundancy F lO .4

IV . DESCRIPTION OF PROGRAM OPTIONS.

A. Samp ling Methods.

Three frequently used methods of collecting macroinvertebrates are progr ammed into
DICALC. One of these methods may be selected for the calculatiotis of’ the numb er  of individuals
ter unit area. if. however, none of these three standard sampling methods is used. s numerical
value of the surface area of the sampler may be read in as a variable.

The following options may be selected for the METHOD variable :

I .  FKMAN- This option is for the use of any 6- by 6-inch grab method. The total
area of the grab is 0.023 23 m 2 .

2. SURB E R - - This option is for the use of any 12- by 1 2-inch bottom-sampling
method. The area of the sampler is 0.09290 m 2 .

3. DEN I)Y — This option is for the i-iester -Dend v in t i l t i p l a t e  samplers. This method
uses eight 7.75- by 7.75-cm plates , each 0.3 cm apart. anc t seven 2.60- by 2.60-cm spacers. The sur-
face area is 0.08664 Ui 2 .

4. OTHER - This is for any collection method in which the total samp l in g a rea is
known and given.

B. Data To Be Considered.

The following options may be selected for the PROG variable :

I .  TOTALS ~With the “TOTALS” option , the program calculates the number  of
individuals per uni t  area , the relative abundance , the absolute abundance . and the diffe rent di ’ers i t ~
measures for the station totals.

2. SUBTOT -- With the “SUBTOT” option. the program calculates the number  of
individuals per uni t  Ir ea . the relative abundance , the absolute abundance ,  the different  diversi t y
measures for each replicate in the sampling station , and the overall station total .

9
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3. CSR I The “( ‘SRI” option calls the subroutine CSR , wh ich  calculates the
cumulative sums of the replicates for each station. The program then uses these cumulati ve sums to
calculate the cumula t ive  number of individuals per unit area, the re la t ive  abundance , and the
different diversity measures. With the addition of each rep l icate , the change i n diversity and the
number  of species present can be seen. This option is also useful  in determining t h e  n u m b er  of

repl ic a tes  th at  adeq ua te ly  sample the biolog ical con in iun i t v .

V . DESCRIPTION OF DATA CARDS.

A . Title Card .

The tit h e card shown in figure 1 includes location, sample stat ion,  da t e .  and m e thod  of
sampl ing  in for m at I 2.16.

B. Program Option Cards.

If using I - K M A N . l)FNDY. or S U R B E R  method of sampling, the card showt i  in f igure  2
is used. If. however , tile numerical value for t he su rface area i s to he read i n , t hen the card shov ~ 1 in
figure 3 is used.

C. Number of Substations in Each Station.

The number  of replicates at each station must be supplied in the card fort iia t shown
in figure 4.

There must he th e  same number  of entries as there are stat ions ( I SS ( J )  where J = I 
\SS ~. 1~~. as many cards as necessar y to include all substations.

D. Station or Substation Name Cards.

[he number  of these cards must equal the number of s t a t ions  if PRO C equa ls  fOi -~ LS .
must equal  the number  of substati ons if PROC equals CSR I . am i d must  equal the n u m b e r  of sub—

~? —~~~ 

—

~~~ 

—

~~~ 

—f —

~~~ 

—

~~~~ 

J—

~~~~~~~~

—

~~~~~~

——

~~~

lu t le

~2A6

Figure 1. Title Card
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5 10 12 18 20 26 28 80r -_  _-  -

No of No of sample Data to be Method of
species stations cons idered sampling

NS NSS PRO G METHOD

I S  IS 2X A6 2X A6

Fi gure 2. Program Option Card

5 10 12 18 28 30 36 80r — — 

Meshodol 

—

No. of No. of sample Data to be Area of sampling
spec ies Stat ions considered sampler loptionall

NS NSS PROG AREA METHOD

IS 2X A6 F10.6 2X A6

Fi gure 3. Alternative Samp lin g Method Option Card

sub- No of su - No of sub’ No.of sub.
St atiO nS ~fl stat ions in stations in - sta t ions in
station I Station 2 stat ion 3 last sta t ion

ISSI1) ISS(2) ISS(3) ISS (NSS )

I S  15 I S  l~

Figure 4. Substation Number Card

I I
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30

Name of statio n
or substation

STAT

5A6

Figure 5. Station / Substation Name Card

stations p lu s the number of stations if PROG equals SUBTOT. The appearance of s ta t ion / subs ta t io n
name cards is shown in figure 5.

E. Species Names and Numbe r Cards.

For each species, a card appearing as in figure 6 provides the species name and a 2-digi t
number as identifi ers. The number of these cards must equal the number of different species present

F. Format Cards.

The format by which data are to be read in is determined from the fo rmat card ( f igur e “ I
I ~‘. u format cards must he included in tile card set even if tile format instruct io n s only use one.

30 32 80

Name of Species
species number

SPEC ( I ,JI JM

5A6 12

Fi gure 6. Species Name /Number Card

12
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Format

FMT

13A6 , A2

Figure 7. Format Card

G. Data Cards.

Data are read into a data matri x according to the format cards described in the preceding
sectiort . There must be at least as many data cards as there are species name cards: i.e. , there must
be a t least on e i ndivid u al present for each species named.

VI . ARRANGEMENT OF DICALC PROGRAM .

The order in which program card sets appear in the card deck is as follows :

Car d set Description

Job control cards
2 DICAL C—main program deck
3 Control card (s)
4 CSR subroutine
5 Title card
6 Option card
7 Substation card
8 Station / substation name card
9 Species name
10 Format cards
I I Data cards
Final End of file control card

VI!. SAMPLE OUTPUT.

A sample of the output  from DICALC is shown in figure 8.

13
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VIII. CONCLUSION.

Macroinvertebrat e communities are commonly analy ied by calculating species di~cr~i !~
and relative abundance. W ith the modifications presented here , [)I CALC , using these widely accepted
met h ods , pe rmits the user to swiftly calcul ate species diversity and relative abundance.  In add i t tu n .
data can he expressed in standard density units (number of individuals per square meter ) .  The addi-
tional calculations of relative efficiency, redundancy, and relative m a x i m u m  and m i n i m u m  help the
user to identify peculiarities about the distribution of indiv iduals in each sample. Absolute a~ un ’
dance shows t h e propor tion of individuals of a particular species collected in one of the  samples
during a stud y. This information permits the user to evaluate the numerica l significance of an~
species in any sample. DI CALC is a versatile program that is very helpfu l in investigating differenc es
in community structure between sampling sites. When these data are correlated with envi ronm enta l
factors such as water qual i ty ,  cause-and-effect rela tionships can be determined.
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