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SUMMARY

In the course of analysis of macroinvertebrate data obtained during ecological surveys
conducted during the project, a scheme of data analysis was developed. The following report de-
scribes a computer program developed to perform a portion of this data analysis.




el ey it i o ne o . L

IV.

V.

VL
VIIL.

VIII.

Figure

to

CONTENTS

INTRODUCTION .
SPECIES DIVERSITY MEASURES .

A. Shannon Diversity Index
B. Simpson Diversity Index
C. MclIntosh Diversity Index

DESCRIPTION OF DICALC PROGRAM .
DESCRIPTION OF PROGRAM OPTIONS .

A. Sampling Methods
B. Data To Be Considered.

DESCRIPTION OF DATA CARDS .

Title Card. X

Program Option Cards .
Substation Number Cards.
Station or Substation Name Cards
Species Names and Number Cards
Format Cards .

Data Cards

OmMmoN® e

ARRANGEMENT OF DICALC PROGRAM.
SAMPLE OUTPUT

CONCLUSION .

LITERATURE CITED .

APPENDIX, DICALC PROGRAM LISTING

DISTRIBUTION LIST

LIST OF FIGURES

Title Card.

Program Option Card .

Page

9

=19
.10
« 10
. 10

]ﬂ

-

]‘\

-

13

10

11



Alternative Sampling Method Option Card .

Substation Number Card .
Station/Substation Name Card .
Species Name/Number Card .

Format Card

Sample Output From DICALC Program .




r—— *'""—'——'——'—-'—'———1

A COMPUTER PROGRAM FOR THE ANALYSIS
OF MACROINVERTEBRATE DATA FROM WATER QUALITY SURVEYS

L. INTRODUCTION.

The structure and organizatiocn 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
field of pollution biology because one of the basic assumptions of community analysis is that pol-
luted communities have different species occurrences and abundances than nonpolluted communities.
Species diversity and density measurements are routinely made by pollution biologists during pol-
lution surveys. The following is a description of a computer program that calculates some of these !
parameters.

II.  SPECIES DIVERSITY MEASURES.
A. Shannon Diversity Index.
The Shannon diversity index is derived from information theory! 3 as
5

- Il,. Ili
d = —z —log, — (1)
n n

i=1

where 7 is the total number of individuals in & species, and 7, is the number of individuals in the ith
species. The relative maximum of d is assumed when the nl.(i =1, ..., k)are uniformly distributed
within the community, hence

dmax = log2 k (2)

The relative minimum is calculated according to

2 k+1
8= g R~y = = log, (n—k +1) (3)

The relative efficiency, synonymous with the normed version of d, or evenness.* is the
measure of the ratio of the sample distribution of n, to the theoretical uniform distribution of n;inn:

= — log, —
log, k n %2 n
i=]

The redundancy is the complement of the efficiency:
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where

and

equations:

Simpson Diversity Index.
The Simpson diversity index is defined as®
k

n,.(ni—l)
S=1= E Sty (6)
nn-=1)

i=1

n>1

The relative maximum and minimum are calculated according to the following

=n(k-l)
max k(n-l)

s =fz-=ME 8
min n)\n-1 )

The normed version of equation 6 is

(7)

k
. 1 n,
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i=1

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

C.

S =)=
McIntosh Diversity Index.

The Mclntosh diversity index assumes samples are taken from an infinite population,

where each sample contains n individuals in k different species present, n; individuals in the ith

species, and

k

E n,.=n

i=]
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The Euclidean measure is

—
A= Z piz (lo)

=1

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

k
E p =

i=1
and where 1/k SA<1.
The Mclntosh measure of species diversity is then defined to be
U=1-4A (11)
As each p, > 1/k, U attains its relative maximum,

|
Umax=l-ﬁ (12)

The relative minimum is attained according to the least uniformly distributed combination of the

mli=12,...k)inn:
k=1+vVk-1 -
= —ee (

min n

The ratio of the calculated species diversity U to its relative maximum l"m“ is the
normed version of U:

| k 1/2
(}=— 1 - 2 (14)
1- INE E”'

i=1

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

~

U=1-0 (15)
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III. DESCRIPTION OF DICALC PROGRAM.

The FORTRAN V program DICALC (see appendix) was developed for analysis of bio-
logical data and comparison of population and ecological studies.” DICALC originally included
complete calculations of species occurrence, relative abundance at a sample station, and measures of
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species diversity for analysis of the sample distribution. In addition to these listings, the new version
of DICALC includes the computations 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 for all of the stations, determines the overall species diversity, the relative and absolute abun-
dances, and the approximate density of each species in the sampling area.

DICALC can accommodate a maximum of 150 samples and 60 different species. If
greater numbers of either are necessary, the program may be easily modified by use of the
parameters NSIZE and MSPEC, the maximum number of samples and the maximum number of
species, respectively. By changing the value of either or both parameters, the amount of storage is
changed without further modifications to the program.

The following is a list of FORTRAN variables used in this version of DICALC listed in
the order entered for input and in the order printed for output:

Variable name Description Type

Input
NS Number of different species present IS
NSS Number of stations IS
ISS(J) Number of substations for each station 1615
TIFLE Site location 12A6
PROG Data to be considered A6
METHOD Type of sampling method A6
AREA Numerical surface area of sampler F10.6
STAT Station names 5A6
SPEC Species names SA6
M Species numbers 12
FMT Format by which to read data 13A6. A2

Output
X(1,)) Data matrix See FMT
NPA Number of individuals per unit area for each station F10.2
TNPA Total number of individuals per unit area F10.2
AA Absolute abundance F10.2
XN Number of individuals for each station F10.0
XP Relative abundance F10.2
XS Number of species present at each station F10.0
H Shannon diversity index (designated d in section 11.A) F10.4
HM Relative maximum F10.4
HMI Relative minimum F10.4
HE Relative efficiency (normed index) Fl10.4
HRR Redundancy F10.4
SL Simpson lambda F10.4
S Simpson diversity index F10.4
SM Relative maximum F10.4

SMI Relative minimum F10.4




Variable name Description Type
SE Relative efficiency (normed index) F10.4
SRR Redundancy F10.4
UD Mcintosh delta F10.4
4 U McIntosh diversity index F10.4
) UM Relative maximum F10.4
UMI Relative minimum F10.4
UE Relative efficiency (normed index) F10.4
URR Redundancy F10.4

IV. DESCRIPTION OF PROGRAM OPTIONS.
A.  Sampling Methods.

Three frequently used methods of collecting macroinvertebrates are programmed into
DICALC. One of these methods may be selected for the calculations of the number of individuals
per unit area. If, however, none of these three standard sampling methods is used, t! 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 EKMAN- This option is for the use of any 6- by 6-inch grab method. The total
area of the grab is 0.02323 m?.

2 SURBER--This option is for the use of any 12- by 12-inch bottom-sampling
method. The area of the sampler is 0.09290 m?.

3. DENDY - This option is for the Hester-Dendy multiplate samplers. This method
uses eight 7.75- by 7.75-cm plates, each 0.3 cm apart, and seven 2.60- by 2.60-cm spacers. The sur-
face area is 0.08664 m>.

4. OTHER-This is for any collection method in which the total sampling area is
known and given.

B. Data To Be Considered.

The following options may be selected for the PROG variable:

1. TOTALS-With the “TOTALS” option, the program calculates the number of
individuals per unit area, the relative abundance, the absolute abundance. and the different diversity
measures for the station totals.

Z SUBTOT-With the “SUBTOT” option, the program calculates the number of

individuals per unit area, the relative abundance, the absolute abundance. the different diversity
measures for each replicate in the sampling station, and the overall station total.

9




3. CSR1-The “CSRI1” option calls the subroutine CSR, which calculates the
cumulative sums of the replicates for each station. The program then uses these cumulative sums to
calculate the cumulative number of individuals per unit area, the relative abundance, and the
different diversity measures. With the addition of each replicate, the change in diversity and the
number of species present can be seen. This option is also useful in determining the number of
replicates that adequately sample the biological community.

V. DESCRIPTION OF DATA CARDS.
A. Title Card.

The title card shown in figure 1 includes location, sample station, date. and method of
sampling in format 12A6.

B.  Program Option Cards.
If using EKMAN, DENDY, or SURBER method of sampling, the card shown in figure 2
is used. If, however, the numerical value for the surface area is to be read in, then the card shown in
figure 3 is used.

€. Number of Substations in Each Station.

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

There must be the same number of entries as there are stations (ISS(J) where J = 1. .. ..
NSS). Use as many cards as necessary to include all substations.

D. Station or Substation Name Cards.

The number of these cards must equal the number of stations if PROG equals TOTALS.
must equal the number of substations if PROG equals CSR1., and must equal the number of sub-

6 12 18 24 30 36 42 48 54 60 66 72
Title
12A6
" J

Figure 1. Title Card

10




5 10 12 18 20 26 28 80

No. of | No. of sample Data to be Method of
species stations considered sampling

NS NSS PROG METHOD

1S 1S 2X A6 2X A6 2X

Figure 2. Program Option Card

5 10 12 18 28 30 36 80
Method of w
No. of | No. of sample Data to be Area of sampling
species stations considered sampler (optional)
NS NSS PROG AREA METHOD
15 15 2X A6 F10.6 2X A6
— y

Figure 3. Alternative Sampling Method Option Card

5 10 15

\
No. of sub- | No. of sub-| No. of sub- No. of sub-
stations in | stations in ] stations in S b stations in
station 1 station 2 | station 3 last station

1S5(1) 1SS(2) 1SS(3) ISS(NSS)
IS5 IS I5 ES
e )
Figure 4. Substation Number Card
11 f
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Name of station
or substation

STAT

5A6

Figure 5. Station/Substation Name Card

stations plus the number of stations if PROG equals SUBTOT. The appecarance of station/substation
name cards is shown in figure 5.

E.  Species Names and Number Cards.

For each species, a card appearing as in figure 6 provides the species name and a 2-digit
number as identifiers. The number of these cards must equal the number of different species present
(NS).

F. Format Cards.

The format by which data are to be read in is determined from the format card (figure 7).
Two format cards must be included in the card set even if the format instructions only use one.

30 32 80
/ |
Name of Species
species number
SPEC(I,J) JM
5A6 12
- J

Figure 6. Species Name/Number Card




4

1

TITTTIT

Figure 7. Format Card

Format

FMT

13A6,A2

G. Data Cards.

Data are read into a data matrix according to the format cards described in the preceding
section. There must be at least as many data cards as there are species name cards; i.e., there must
be at least one individual 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:

Card set Description
1 Job control cards
2 DICALC —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
11 Data cards
Final End of file control card

VII. SAMPLE OUTPUT.

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




h2°sS 69 °5
co* [s[Vig
S6°L 28 ¢
og* co*
co* GG*
ao* oc*
ca* [elvlg
4 gt 4 P4 Ba ¢
oo* oc-*
go* ca-
9% 8f °0¢Z
oo* oc*
oe* oo*
oc* 0g*
ogo* cg*
oo* 0g*
oc* co*
oo* co*
co* ag-
T8 L hg "2
oc* oc*
oo* G~
oo* co-
cg* [s1s0g
go* [s]vhg
36° LY ¢
co* og*
nE"S 56 "5
s0° 12 0e°1
go* [e]vig
19°31 I8 s
oo*
co*
69°L
22°31
LS°¢
og*
£3°9
99°6
16°L
oo*

16°1
go*
oe*
sZ°1¢
oo*
L8622

co*

vy vy

LT%6CT
oo*
SE°54L
Gg*
J0°
jalo g
jeleg
62°%2%
go-
go*
98°Z 9
oo*
co-*
fos B
cag-*
go*
gg*
og-
gc*
65°hS
oo*
oo*
co*
oD*
00*
9T°Z1z
ag*
Sg0°322
30°¢n
ao*
L°01
jelog
[elo Ry
£S5°12
65°483
3L°01
oo*
IL"0T
69°f gz
gL CsST
oo*
62°2¢
[olo g
go*
h3°L0T
co-*
66 *Z31
0g'*

STWM OIAIONI °ON

IT-T %3340 N0OdS

*ON

weidold Y1vold woiq indinQ ajdwes g aingdiy

Zh*L
co-*
s8°0¢
oo*
Gco*
go*
SS*h
oo*
co*
£€°¢
8z°¢Z
oo*
og*
go*
co*
cg-*
oco*
cag*
oo*
e
89°*
co*
cg*
oo*
oo*
S2°h
co*
LE®TE
gc*
L1°62
og*
oo-*
cc*
LRSS
TEVET
hl®L
co*
£3°9¢
85°ST
ZS°8
co-
Lzt
co*
go*
SZ°9
ca-
IS°ET
oo*

— -

vv

hee
go*
Eh*h
Go-*
cg*
go*
52°
oc*
og-
S2°
U e 4
[Siohg
cg-*
Gg*
cg*
[Plvhs
[1vhg
ca*
co*
§2°
3°
oo
oo
oo*
Go*
26°TZ
co*
S6°02
ca-*
SL*T
co*
co*
cg-*
SL*
$2°T
(1
ca*
0a°r
LNZ T
ga°2z
ca*
0s*
co*
co*
us*
Ga-*
6h°2
oo~

vy

66281 L
oc* °C
gLegel *8l
co* *C
oo* >0
oc* *C
SL*01 1
co* °C
og* °C
Lot Dl
£0°26S * 38
co- “C
co* °0
Gco* 8
co* *C
oo ]
co-* °C
cg* *C
og* *0
9L°01 Sl
£5°TC 2
oc* °0
co* =8
cc* *C
go* °C
£8°LLTE T °8z1
co- *C
CZ*H05 “h3
8{o0g ‘c
SE°SL Sl
oo~ *0
oo* °C
0G* =5
6Z°2¢ >
28°¢% o
(Ll e
co* *C
30°¢H *h
12°8€S °Cs
T1°98 *8
co* °C
2S5 Te 4
Go* *C
og* on
£6°12 g
0g* 0
h3°L 01T bt "1 d
oc* €
STWMOIAIGNI *ON *ON

I-1 ¥3382 NJOdS

3E¥NL QL.4100W 34 SNNP guve

<5 3113YH209110 &4
IAGGIN0S VHNIHONYYE Lh
IINMVH VEAHa 90
aS VIVNWAY 5h
IONVINEIY VISSIBY3d hn
¢ WNI¥3IVHeS h

WNN VINIGNHIH 2
a% SN¥331I7T 1w
V331Zv VI3TIVAH C»n
JvaIOdvISY bf

dS SIWI3N3LS Bt

dS SNIIHAQEAAH L€
d5 ViHdv¥lieno 9%
WNN VHE3ILlalWiH SE
3VOIX1803 g
dS5 SNIVAAY¥0D £f
cS S3J0H1A¥00I¥L 2%
dS VWINON3LIS 1%
dé5> VIHDANOSI O¢f
dS SIN3VI &2
d4S SIi3ve 82
ANN V¥831d40337d L2
VGIJdVle V1S31¥3d4 92
dS YI¥3d03N SZ
dS V1I1d0dGAH
dS 3HOASdOLVWN3HD 2
dS S3U0SdIHINY 2
dS WNINKWIS 12
dS S40SA¥HD 02
dS SNY0B8AVYHI 61
JV3JINO90401VYH3D 81
dS VUN3INAY¥OD LT
dS SNSYVIANYL 9T

dS SNWONO¥IHIO012I¥1S ST

dS SNSYVLANVIO3HY &1
dS SNWONOYIHO0GN3Sd £1
d< SNIQVIO0¥133Sd 21T
d< SNIQGVIJ0¥d 11

dS WN1I03d4A1704 OI

dS VHNINVIN3d

dS SNWONOYIHJVYVd
dS S34ION3L10¥IINW

dS S3dION3101c4A13
dS VIT2Iy¥3443IxN3
aS S3dION310¥23I0

dS LNWOND¥IHI01dAY¥D
d< 5Nd01031¥2

dS SNWONOBIHD

“AMNMFTOWOUNDOO

JWWN €312345

14




weidold y1vOId woig indinQ ajdwes “(papnjpuo)) § am3ig

£621°
L0L8"
toot*
£n9L"
EL %%
8599°
032000°
ccoooo*®
L6S0°
£006°
Usst”
o8h6°
sTIT"
£268°
I6ST*
6088 °
SEEL”
5631°h
L30S°¢%
*81
L9°L02
9zZ°tL22 ‘112
co* cc* felo g *0
co* cc* jolo g *C
co* cc* folo g *C

co* co* oo *C
co* gc* co* B

£T°C12

oo*
co-~
go*
og*
6Z°hT

ac-
go-
go*
ace

P
<

Lh*3TEh

co*
co*
0o*
co*
gL*0ot

(5 &- T A

uEgEL”

+8S0°

n3LL”

o0gh*

1635

h::000"

acuooo*

aZal*

2L58°

¢Z60°

niS6*

LS81*

£918°

LBIL"

+189°

hSLh*

olZg*h

ahh6*l

*Ge

104

“u
*G
‘g
2
i

AIN

na sy
AIN3IDI343
WNAINIW SAILVIIY
WNWIXVW 3AILVISY
V1130 HSOINIONW
N X3ONI HSOINIOW
[SZ<N) JONVIHVA
(SZ>N) 3ONVINVA
AJNVANNQ 3¥
AINIIOI343
WNWINIW 3AILVI3Y
WNWIXVRW 3JALILIVISY
VOWY1 NOSOWIS
S X3GNI NOSJWIS
AJNVONNG 3¥
ASN3IJI443
ANWINIW 3AILIVISY
S 121907
P X3ONi NONNVHS
IN2S3¥d S$3I923dS
JONVONNEY 3107058V V104
SIVNOIAIGNI V101
dS VHNNHIST £5
V1Ss0W VISHEY 2§
d5 VWOJI¥3d TS

d” V108W31703 C%
a5 XI¥aHIVY bh

15

i
A
¥




VIII. CONCLUSION.

Macroinvertebrate communities are commonly analyzed by calculating species diversity
and relative abundance. With the modifications presented here, DICALC, using these widely accepted
methods, permits the user to swiftly calculate species diversity and relative abundance. In addition,
data can be expressed in standard density units (number of individuals per square meter). The addi-
tional calculations of relative efficiency, redundancy, and relative maximum and minimum help the
user to identify peculiarities about the distribution of individuals in each sample. Absolute abun-
dance shows the proportion of individuals of a particular species collected in one of the samples
during a study. This information permits the user to evaluate the numerical significance of any
species in any sample. DICALC is a versatile program that is very helpful in investigating differences
in community structure between sampling sites. When these data are correlated with environmental
factors such as water quality, cause-and-effect relationships can be determined.
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