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The most efficient parameter to assess pollution in streams receiving olglnic
waste material has been shown to be the benthic macroin\'ertebrate stream community.
Benthic olglnisms are more fixed in habitat than are diatoms. Both groups of organisms
can adequately express the state of a stream with respect to pollution. Diatoms are
sensith'e to waste and are immediately affected by it. Benthic organisms reveal both
present and past en\'ironmental conditions, whercas diatoms fC\'eal only present en·
vironmental conditions. Equations to express community di\'ersity in the stream have
been evaluated. The simple biomass test was satisfactory in representing changes in
stream conditions. The similarity index performed better than other indexes examined
and, although somewhat difficult to produce, it may be the best way to compare
stations on different streams because it can correlate the number of groups common
to any two stations.

With increasing numbers of complex en
\'ironmental problems. there is need for a
simple and meaningful method' by which
one can assess the consequences of pollution
and express the results numerically. Various
tests have been devised to recognize the
presence of pollution and to detect the
effects of past exposure to wastes (1.... ) .
Chemical tests are easy to run, but are
not very revealing because pollutants are
seldom discharged continuously, and their
presence may be missed by sampling at an
inappropriate time. It is apparent that a
biological group, normally present in sig
nificant numbers and easy to sample is
needed. Benthic macroinvertebrates and dia
toms have frequently been used to evaluate
stream productivity and should, therefore,
be useful in determining the degree and
extent of pollution. Since 1950, a number
of methods have used changes in the aquatic
community as a means of assessing pollu
tion. To evaluate data, there have been
many expressions used to compare condi
tions from one location to another. Prob
ably, the most popular method for com·
paring samples is the species diversity index
per individual (15). There are other more
sophisticated methods, such as Duncan's
new multiple range test. Each index is a
\-aluable step toward interpreting the vari
ous segments of a stream survey. These
m~ods can be applied to part or to the
entire aquatic community.

The purposes of this study are to relate
major and minor changes in the aquatic
community of Caney Creek to contaminants
from industrial or domestic wastes, and to
determine whether changes in the micro
scopic or macroscopic community are the
morc meaningful indicators of pollution.

DESCRIPTION OF SURVEY AREA

The Caney Creek experimental stream
facilities are located in Adair and Cherokee
counties, Oklahoma. As shown in Figure I,
the main channel originates just south of
Stilwell, flows 17 miles westward, and emp
ties into the Illinois River at Lake Ten
kiJJer. The bottom of the stream consists
mostly of limestone and chert pebbles
usually less than five inches in diameter.
The -principal source of water is mountain
springs located throughout the Caney Creek
drainage basin. Four stations were selected
along the eastern section of the stream for
the collection of microscopic periphyton and
benthic macroinvertibrates. Physical and
chemical data, as well as visual biological
analysis, were surveyed at 11 stations located
along the stream. Similar stream environ
ments were selected for each sampling site.
Basic parameters used for site selections
were substrate, light, stream velocity, and
depth. Station 2 is located one-tenth mile
above the point of discharge from a trickling
filter system used to treat domestic sewage.
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f'ICUII! I. Caney Creek drainage basin.

Station 3 is located one-tenth mile below
this outfall and one-tenth mile above the
point of discharge from a two-stage aerobic
treatment system used to treat waste from
a large cannery. Station 4 is locateq one
tenth mile below the industrial outfall. Sta
tion 5 is located one and one-tenth mile
below the industrial outfall. Other stations
are shown in Figure 1. At approximately four
and one-half miles below the industrial out
fall, Caney Creek be2ins to flow under
ground. It'remains underground, except for
occasional pools, for 4 miles. From this
point the stream flows above ground for
nearly eight miles before emptying into
Lake Tenkiller.

METHODS

At each of four principal stations, bi~

logical analysis consisted of sampling the
benthic macroinvertebrates and the micro
scopic periphyton, the diatoms. Sampling
continued from May, 1969 to October, 1969.
Macroscopic benthos samples were conected
using a standard Surber sampler, sorted in
a No. 30 U.S. Standard Sieve. Organisms

-4--
I

were preserved in a mixture of fonnalin
and methyl alcohol. \Vhen large numbers
of organisms were present, they were re
moved by sugar solution flotation (5). The
samples were sorted and individuals were
identified and counted (6, 7).

Microscopic samples of the diatoms were
surveyed by using spring dips to suspend
micr~scope slides in Caney Crcek. The slide
surfaces were placed parallel to the stream
flow. The slides were removed at biweekly
intervals, placed in coplin jars, and exam
ined (8). Following microscopic examina
tion, pennanent mounts were prepared using
a methyl alcohol procedure.

Several expressions were used to sum
marize the large amount of infonnation .
about numbers and kinds of organisms. In
these expressions maximum diversity exists
if each individual belongs to a different
species, and minimum diversity exists if all
individuals belong to the same species. The
separation of many individuals into several
species produces a distribution which gives
an intermediate diversity. It is the handling
of this information that enables diversity



51

Dc = L nj (ni -1) - - - - _ - Eq. 4
N(N-l)

indices to compare stream communities.
Total number of individuals (N), number

of individuals per species (nj), and number
of species in a unit area (s ) were used
to calculate the species diversity indices (d),
Simpson's (9) community diversity (Dr),
total community species diversity (D), and
diversity per individual (D). These indices
are as follows:

after drying at 110 C for several hours minus
the weight of the debris remaining after in
cineration at 600 C for one hour. The re
sults arc reported in grams.

Data for physical and chemical analyses
included stream velocity and stream flow,
dissoh'Cd oxygen, chemical oxygen demand,
alkalinity and turbidity (Jackson Units), pH,
total dissolved solids. and various metals,
including the phosphate complex.

RESULTS AND DISCUSSION

The numbers of various pollution intol
erant and pollution tolerant macroinverte
brates collected during the sampling period
is presented in Table 1. Pollution tolerant
oligochaetes and dipterans were found in
small numbers at station 2, although they
became more numerous following the out
fall from the trickling filter at station 3.
Numbers remained high throughout this
area and into the area of station 4, below the
industrial outfall. While the number of
these tolerant organisms increased, the num
ber of pollution intolerant groups, i.e., stone
flies, mayflies, caddis flies, and the groups
isopoda and ncuroptera, decreased. As the
flow carried these tolerant organisms from
station 2, through the polluted stations 3
and 4, and into the area of station 5, there
was a gradual increase in their numbers. In
creased numbers of· the pollution tolerant
oligochaetes and dipterans, along with de·
creased numbers of the pollution intolerant
organisms, indicate there was an important
alteration in the biological stream com
munity. This alteration was probably due
to the organic waste being deposited in the
stream. While this effect appeared to be
quite important at stations 3 and 4, a defi
nite recovery was noticed at station 5. This
showed that, at a distance of one mile below
the outfalls, the stream diluted or utilized
the major constituents of the waste so that
the organic material had less effect on the
stream population.

The number of leeches (hirudinea), a
pollution tolerant group, found at all sta
tions indicated there may be an effect at the
clean water station 2 from the waste out
falls downstream. The numbers of coteop-

Eq. 3

Eq. 1

Eq. 2

Eq. 5

Eq.7

_____ Eq. 6~ n·
L -!. In

N

d = .!!::L 
In N

D =

d = s-1 
N

c = 2 ( z: PI)

[Pi+ rPj

Equation 7 is the expression for the coeffi
cient of similarity between two stations
based on the prominence values. It is a sta
tistical ",ethod developed by Burlington
(10). The prominence value (P) was ob
tained for each group at each station by
multiplying the density of the group at that
station by the square root of the frequency
of this group at all stations. pj is the sum
of the prominence values of all groups at
'itation i, Pi is the sum of the values at sta
tion j, and PI is the sum of the lower of the
two prominence values that the two stations
have in common for the group. This forms
<! correlation between the number of groups
:11 common between two stations and the
~oefficient of similarity.

From the benthic macroinvertebrate sam
ple, biomass data were obtained as the
weight of debris and organisms remaining
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tera and odonata are not significant because
of the rapid flow. These organisms are as
~ociated with quiet, slow moving streams.

TIle large number of PsycllOcla in the pol
luted zone in June was probably due to in
effective .operation of the trickling filter.
:\s the filter began to operate more effici
ently, the number of these organisms de
creased. but concurrently the number of
Tendipes increased. The dominance of this
organism at stations 3 and 4 was due to a
large amount of sludge deposited in the
stream bottom. Sludge appeared to be an
important factor in alteration of the stream
population. Further work may reveal that
more efficient removal of sedimented solids
may significantly improve the stream pop
Illation.

Thus, the benthic macroinvertebratcs
present at each station suggest that station
2 is a clean water zone, that stations 3 and 4
arc both polluted zones, and that station 5
is in thc recovery zone.
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The numbers and variety of organisms
obtained from the microscopic samples were
quite different from benthic samples. In the
laboratorv analvsis of diatoms found on the
submer~microscope slides, many different
species and numbers of individuals were ob
served. In nearly every case, Navicula was
the dominant genus. There were usually
many Fragilaria and Diatoma at each station.
Occasionally, Cocconeis was the dominant
genus. Results sometimes showed a wide
distribution both in species and in number
of individuals at the same station in succes
sive samples. It appears these organisms arc
quite sensitive to changes in stream quality
and are, therefore, useful indicators of pres
ent pollution but doubtful indicators of
past pollution.

Results from Tables 2 and 3 describe var
ious indices used to evaluate the stream pop
ulation data. As seen in Table 2, in evaluat
ing the ratio of number of macroscopic spe
cies to number of macroscopic individuals,

TABLE 2. Macroscopic organisms. Number of species (s), numbers of individuals (N), diver·
sity indices, and biomass 1»' station and date.

STATICII DAD 8 e-l 7(103) 8-1 Do(lo3) D(102) 6 BI<IIASSi Ini T

2 JUN 4 13 0.31 I.l7 17.75 I.lI 0.4 2.43 18.7 0.058
I JUL 6 9 0.67 2.28 61.73 2.00 0.1 1.68 18.7 0.074
3 UL 13 84 0.15 2.71 10.42 1.42 104.7 15.72 18.7 0.037
2 AUG I4 37 0.38 3.60 1.70 2.30 1.9 6.92 18.7 0.081
1 SEP 7 24 0.29 1.89 9.50 1.43 0.8 4.49 18.7 0.062
MEAN 0.36 2.33 20.22 1.65 3.6 6.25 18.7 0.062

2 JUN 5 520 0.01 0.64 0.02 0.22 1835.9 97.32 18.7 0.286
I tL 8 608 om 1.09 0.02 0.32 1577.5 113.79 18.7 0.495
3 UL 9 603 0.01 1.25 0.02 0.37 3008.8 112J0 18.6 0.769
2 AUG 7 396 0.02 1.00 0.04 0.35 1342.1 74.12 18.7 0.243
1 SEP 5 354 0.01 0.68 0.03 0.27 1098.3 66.25 18.7 0.H3
MEAN om 0.93 0.03 0.31 1772.4 92.81 18.7 OA27

of 2 JUN ') 373 0.01 0.68 0.03 0.26 426.9 69.81 18.7 0.206
1 JUL 7 721- 0.01 0.91 0.01 0.26 291-+.8 135.50 18.7 0.264
3 JUL 13 785 0.02 1.80 0.02 0.46 5641.5 146.92 18.7 0.677
2 AUG 8 300 0.03 1.23 0.08 0.46 662.8 56.15 18.7 0.400
1 SEP 7 981 0.01 0.87 0.01 0.22 9121.6 183.60 18.7 0.609
MEAN 0.02 I.l0 0.03 0.33 3753.5 118.40 18.7 0.431

2JUN 8 129 0.06 1.14 0.42 0.70 H.I 24.H 18.7 0.165
I JUL 8 90 0.09 1.56 0.86 0.84 18.8 16.84 18.7 0.186
3JUL 9 44 0.20 2.11 4.13 1.35 9.2 8.24 18.7 Q.478
2 AUG 8 49 0.16 1.80 2.92 1.14 4.7 9.17 18.7 0.117
1 SEP 7 40 0.17 1.62 3.75 1.11 4.0 7.49 18.7 0.131
MEAN O.H 1.71 2.42 1.03 H.2 13.18 18.7 0.215



(SIN. piN), the mean value at station 2
(0036) is decreased to 0.01 at station 3 and
to 0.02 at station oJ. The increased value of
0.14 obtained at station 5 indicates the
~trcam is approaching the conditjon existing
before the wilste outfall at station 2·. Another
index. expression I. behaves in a similar man
ncr with a wide distribution between values
at each station. Menhinick (3) used this ex
p,,-ssion and exprosion 3. lie found the
fir\t indn unsatisfactory because of wide
'-..riation with sample size. lie snggestcd that
index 3 could be: used to compare samples
of different sizC5. In this studv there was
"ariation in SOIl1Iplc sizes. ~·ct both indices ap
parently worked quite well. Expression 2
gins OIn ul1l1\ually large difference between
Iltllllbe:r~ at stations 2 and 3. If this index
is acnJrOlte. the small "alue of the index at
'Mion 5 il.ldiC'Jtes the strcam is only grad.
ually ckanlllg up. In the community diver-

sity index. expression 4. there is a wide .dis.
tribution between the dean water stations
and the polluted stations. In this case, the
value at station 5 indicates the stream has
effectively recovered. In the expression for
total community species diversity, expression
5. the results give a small distribution. There
is still a change between station 2 and sta·
tions 3 and 4. followed bv a return toward
a clean water zone at station 5. The diversity
per individual index, expression 6, gives no
distribution and indieates the condition of
the stream as a static one. Since this is a di·
mensionless expression, there is apparently
a community structure problem in sample
numbers.

In applying these indices to microscopic
organisms each index was less satisfactorv
than when applied to macroscopic organ'.
i~ms. As shown in Table 3. there are in·
creases and decreases from one station to

Tuu 3. :'fkroscopic or~anisms. Numbers 01 species (5). numbers 01 individuals (N), and
c/it'cmt,I' IfIdl("c.~ b.I· st;ft/Cln and d;ftc.

~hf1.... DATI J .J.:L 7(103) ._1 D
e

(10) D(102) ~• In. N

2 JUN 5 51 0.10 1.02 1.54 0.70 8.8 9.54 18.7I JUL 8 1579 0.01 0.95 0.01 0.20 8868.1 295.53 18.71 JUL 9 SO';' 0.01 1.20 0.01 0.32 1397.9 151.04 18.72 AUG 10 1190 0.01 1.13 0.01 0.14 1862.1 166.57 18.7I SEP Il 1222 0.08 1.69 0.01 0.38 3275.4 228.71 18.7MEAN 0.06 J.27 1.01 0.52 2195.7 128.42 18.7
21UN 6 63 0.10 1.21 1.26 0.76 8.3 11.79 18.7
1 fUL 190 0.04 I.H 0.17 0.51 83.9 35.56 18.71 UL 6 82 0.07 1.13 0.71 0.66 26.6 15.352 AUe 8 176 0.05 US 0.22

18.7
1 SEP Q 4H 0.02

0.60 103.0 32.94 18.7
MEAN 1.32 O.H 0.44 401.7 79.36 18.70.0:; 1.30 0.39 0.59 144.3 37.54 18.7
2 fUN 74 0.07 0.93 0.73 0.581 UL :; m 0.01 0.604

16.3 13.85 18.7
ljUL 3

0.02 0.22 831.9 97.51 18.727 0.11 0.61 2.7".2 AUG 0.58 2.3 5.05 18.79 775 0.09 1.20 1.37I SEP 3 0.32 1343.6 145.05 18.710 0.10 0.87 20.00MEAN 0.95 0.3 1.87 18.70.11 0.81 HO 0.56 313.5 39.11 18.7
2 rN 6 51 0.12 1.27 1.92 0.81I UL 6.8 9.51 18.7.. ....8 0.01 0..49 0.02 0.193 UL :; 210 0.02 0.76 0.10

870.4 83.85 18.7
2 AUe 5 H 0.15 1.14

0.35 J53.J 37.61 18.7
I SEP .. 288 0.01

3.67 0.87 3.2 6.17 18.7
MEAN 0.53 0.04 0.21 598.1 53.900.09 18.7US 2.31 0.65 281.3 37.35 18.7
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TABLE 5. Microscopic coefficients of similarity be·
tween stations. .

TABLE i. Macroscopic coelficients of similarity be
tween stations

larity between stations 2 and 5 and betwccn
stations 3 and 4. The highest similarity be
tween stations 3 and .. indie-ates that both
of these stations arc polluted to nearly the
same extent; each is dissimilar or has a low
similaritv to the clean water station 2. The
great dissimilarity between stations .. and 5
shows that station 5 is in an improved con
clition. From microscopic results, the indices
show a limited difference betwccn stations.
It does show that stations 2 and 5 arc more
similar than arc stations 2 and 3 or 2 and
4. Unlike thc macroscopic index, this index
gives the greatest similarity betwccll stations
3 and 5. The result does not appear to he
reflected by the other parameters.

STATION NO.
i 3

0.0281

0.i070

0.6727
0.0278

0.6541
0.3896

STATION NO.
i 3

O.lOH
0.1307
0.3887

0.6601
0.7662
0.i335

5..
3
2

5..
3
2

STATION
NO.

STATION
NO.

illother. The community diversity and the
'otal community species diversity indices
c~-prcssions 4 and 5, respectively) work

most successfully. They indicate changes in
thc population moving from station 2 to 3.
but show no improvement in stream condi
tions at station 5.

Most of the indices in Tables 2 and 3
~how that conditions at station 4 are nearly
identical or slightly improved over condi
tions at station 3. If this is the case, the
amount of organic material contributing to
the strcam's altered communit\' structure
Illay be attributed to the domestic trickling
filter and not to the two-stage aeration sys
tem. Thus, the organic matter from the
aeration system docs not have a significant
effect on the localized strcam communit\'.
Proceeding farther downstream, most of tlie
indices show an improvement in the stream's
condition from station" to station 5. If this
is the case, and it visually appears to be,
the waste mllst be utilized or removed rela
tively close to its source. Conditions farther
dowilstream indicate there is no delayed pol
lutional effcct from the industrial waste.

Biomass data given in Table 2 resembles
data derivcd from the divcrsity indices in
that conditions at station 2 arc differcnt
fWIII those at stations 3 and 4, and in that
the area at station 5 resembles the c1can W3

·"r station rather than the polluted stations.
Similarity indices given in Tables .. and 5
\how, for macroscopic samples, a high simi-

TABU: 6. Physical and chemical conditions along Caner Creele (summer, 1969).

STATICII UL:iTAIlCA VELl.Crn: FLQi D.O. C.O.D. ALlALDlITY 'I'URBIDlTY pi TDS P04(ai) «(pII) (.>

2 0.000 0.292 0.20 7.9 4.7 130 7 7.2 150 0.27
()l!TFALL 1 0.133 0.H8 0.90 7.1

0.166 0.348 0.90 1.8 18.7 140 10 7.3 200 15.0
()UTFALL 2 0.140 0.H8 0.90 7.2

i 0.373 1.000 2.37 1.6 23,i 160 10 7.5 220 7.0

1.373 0.645 3.25 6.1 Ii.O 150 8 7.5 200 4.0
6 3.090 0.477 3.41 6.5 7.i ".0

".730 3.58 7.1 H 1.0
8 8.980 6.52 9.4 0.2
9 10.13 12.70 0.2

10 16."3 15.80 7.6
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