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A COMPARISON OF MACROSCOPIC AND MICROSCOPIC

INDICATORS OF POLLUTION

James D. Gallup, James M. Robertson, and Leale E. Streebin
Department of Civil Engineering and Environmental Science, University of Oklahoma, Norman,

Oklahoma

The most efficient parameter to assess pollution in streams recciving organic
waste material has been shown to be the benthic macroinvertebrate stream community.
Benthic organisms are more fixed in habitat than are diatoms. Both groups of organisms
can adequately cxpress the state of a stream with respect to pollution. Diatoms are
sensitive to waste and are immediately affected by it. Benthic organisms reveal both
p t and past envi tal conditions, whereas diatoms reveal only present en-
vironmental conditions. Equations to express community diversity 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-
vironmental 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 (14).
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 chanfs 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 (D). There are other more
sophisticated methods, such as Duncan’s
new multiple range test. Each index is a
valuable step toward interpreting the vari-
ous segments of a stream survey. These
methods 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
more 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 1,
the main channel originates just south of
Stilwell, flows 17 miles westward, and emp-
ties into the Illinois River at Lake Ten-
killer. 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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Ficure 1. Caney Creck drainage basin.

Station 3 is located onc-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 located 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, Cancy Creek ins to flow under-
ground. It remains underground, except for
occasional pools, for 4 miles. From this
point thc stream flows above ground for
nearly cight miles before emptying into
Lake Tenkiller.

METHODS

At each of four principal stations, bio-
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 collected
using 3 standard Surber sampler, sorted in
a No. 30 US. Standard Sieve. Organisms

were preserved in a mixture of formalin
and methyl alcohol. When 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 clips to suspend
microscope slides in Caney Creek. 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, permanent mounts were prepared using
a mcthyl alcohol procedure.

Several expressions were used to sum-
marize the large amount of information
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



indices to compare stream communities.

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

=8l .- Eq. 1
a in N 9
d = s=1 - .. ____ Eq 2
N2
aq=581L1-----_- .- Eq. 3
N
p.= §Rilni-1) _ _ _ _ _ _ Eq. 4
=2 N(N-1)
D L ni 1n ng - --~-- Eq. 5
N
b= z 28 e R Eq. 6
N N
c = 20EP)) ---- Eq7

LPi+ IPy

Equation 7 is the expression for the coeffi-
cient of similarity between two stations
based on the prominence values. It is a sta-
tistical method 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. Pi is the sum
of the prominence values of all groups at
station 1, Pj is the sum of the values at sta-
tion j, and P, is the sum of the lower of the
two prominence values that the two stations
have in common for the group. This forms
4 correlation between the number of groups
'n 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

S1

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 are reported in grams.

Data for physical and chemical analyses
included stream velocity and stream flow,
dissolved oxygen, chemical oxvgen 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 coleop-
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tera and odonata are not significant because
of the rapid flow. These organisms are as-
sociated with quiet, slow moving streams.

The large number of Psychoda in the pol-
luted zone in June was probably due to in-
effective .operation of the trickling filter.
As the filter began to operate more effici-
cntlv, the number of these organisms de-
creased, but concurmrently 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 cfficient removal of sedimented solids
may significantly improve the strcam pop-
ulation.

Thus, the benthic macroinvertebrates
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 the 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
laboratory analysis of diatoms found on the
submerged microscope slides, many different
species and numbers of individuals were ob-
served. In nearly cvery 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,

TasLe 2. Macroscopic organisms. Number of species (s), numbers of individuals (N), diver-
sity indices, and biomass by station and date.

St e . @ § 2L ’;';‘-(10’) '1‘1 Do(10%)  D(10°) D BIGMASS
2 2 JUN 4 13 031 117 1775 111 0.4 243 187 0.058
1 JUL 6 9 067 228 6173 200 0.1 168 187 0.074
3 JUL 13 84 015 271 1042 142 14.7 1572 18.7 0.037
2 AUGC |4 37 038 360 170 2.30 19 692 187 0.081
1 SEP 7 24 029 1.8 950 143 0.8 449 187 0.062
MEAN 036 233 2022 1.65 36 6.25 18.7 0.062
3 2 JUN S 520 001 064 002 022 18359 97.32 18.7 0.286
1 JUL 8 608 0.01 1.09 002 0.32 15775 11379 187 0.495
3 JUL 9 603 001 125 002 0.37 30088 11230 186 0.769
2AUG 7 396 002 100 004 035 13421 7412 187 0243
ISEP 5 354 001 068 003 027 10983 6625 187 0343
MEAN 001 093 003 031 17724 9281 187 0427
4 2 JUN S 373 0.01 0.68 003 026 4269 69.81 18.7 0.206
1 JOL 7 724 001 091 001 0.26 29148 13550 18.7 0.264
3 JUL 13 785 002 180 002 046 56415 14692 187 0.677
2 AUG 8 300 003 123 0.08 046 662.8 $6.15 18.7 0.400
1 SEP 7 981 0.01 087 0.01 0.22 91216 18360 187 0.609
MEAN 002 1.10 003 033 37535 11840 187 0.431
5 2 JUN 8 129 006 144 042 0.70 34.1 2414 187 0.165
1 JUuL 8 9 009 1.56 086 084 18.8 16.84 187 0.186
3 JUL 9 44 020 211 413 135 9.2 8.24 187 0478
2 AUG 8 49 016 180 292 1.4 4.7 9.17 187 0.117
1 SEP 7 40 017 162 3.75 111 4.0 749 187 0.131
MEAN 014 171 242 103 14.2 13.18 18.7 0.215




54

(S/N, p/N), the mean value at station 2
(0.36) is decreased to 0.01 at station 3 and
to 0.02 at station 4. The increased value of
0.14 obtained at station 5 indicates the
strcam is approaching the condition existing
before the wastc outfall at station 2. Another
index, expression 1, behaves in a similar man-
ner with a wide distribution between values
at cach station. Mcnhinick (3) used this ex-
pression and expression 3. He found the
fist index unsatisfactory because of widc
variation with sample size. He suggested that
index 3 could be used to comparc samples
of different sizes. In this study there was
variation in sample sizcs, yet both indices ap-
parently worked quite well. Expression 2
gives an unusually large difference between
numbcers at stations 2 and 3. If this index
is accurate, the small valuc of the index at
station 5 indicates the strcam is only grad-
mally cleaning up. In the community diver-

sity index, expression 4, there is a wide dis-
tribution between the clean water stations
and the polluted stations. In this case, the
value at station 5 indicates the stream has
cffectively 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 by a return toward
a clean water zone at station 5. The diversity
per individual index, expression 6, gives no
distribution and indicates 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 cach index was less satisfactory
than when applied to macroscopic organ-
isms. As shown in Table 3, there are in-
creases and decreases from one station to

Tastr 3. Microscopic organisms. Numbers of speci » numbers of indivi
diversity indices by station and date. of species (2 mumbers of indivicls (N). 2nd
SIaTivk  DATE . : -lh:.li '7"(103) -'“;1 nc(loj) p1®) B
2 2JUN s 510000 102 154 070 88  9.54
5 . 0 1L M A . 18.
1JUL 8 1579 001 095 001 020 83681 29553 123
JJUL. 9 807 001 120 001 032 13979 15104 187
2AUG 10 SO0 001 133 001 034 18621 16657 187
]]\'ZEPV 131222 008 169 001 038 32754 22871 187
3 A 006 127 101 052 21957 12842 187
2JUN 6 63 000 121 126 076 83
; UL 7 190 004 114 017 05 839 ;;.ZZ {g;/
JJUL 6 82 007 113 074 066 266 1535 187
2AUG 8 1% 005 135 022 060 1030 3294 187
[ 002 132 014 044 4017 7936 187
, e 05 130 039 059 1443 3754 187
NS 74000 093 073 058
; 3{. S5 001 064 002 022 813?:; 3;32? 13;
L3 om0l 27 038 23 505 187
PAUG 2 TS 0M L0 137 032 13436 14505 187
1 Sep 10 030 087 2000 095 03 187 187
0 01 081 440 056 3135 3941 187
5 UN 6 ST 012 127 192 ‘
. 271 0.84
; fgt PoM 00 099 om0 8706'48 8%5845 }S;
3L W 002 076 010 035 1531 3761 187
2 AU z JBo0s 14 367 o7 32 617 187
3 288 001 053 004 024 5084 y ;
EAN 009 115 231 065 . LB
. . Y 2813 3735 187




mother. The community diversity and the
rotal community species diversity indices
cxpressions 4 and 5, respectively) work
mnost 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 community structure
may be attributed to the domestic trickling
filter and not to the two-stage acration sys-
tem. Thus, the organic matter from the
acration system does not have a significant
cffect on the localized stream community.
Proceeding farther downstrcam, most of the
indices show an improvement in the stream’s
condition from station 4 to station 5. If this
is the casc, and it visually appears to be,
the waste must be utilized or removed rela-
tively close to its source. Conditions farther
downstream indicate there is no delayed pol-
lutional effcct from the industrial waste.

Biomass data given in Table 2 resembles
data derived from the diversity indices in
that conditions at station 2 arc different
from thosc at stations 3 and 4, and in that
the arca at station 5 resembles the clean wa-
tor station rather than the polluted stations.
Similarity indices given in Tables 4 and 5
show, for macroscopic samples, a high simi-
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TasrLe 4. Macroscopic coefficients of similarity be-
tween stations

STATION STATION NO.
NO. 4 3
5 e
4 0.1034 —
3 0.1307  0.6727 —
2 0.3887  0.0278  0.0280 —

TasLE 5. Microscopic coefficients of similarity be-
tween stations.

STATIO! STATION NO.
NO. S 4 3 2
H —
4 0.6601 —
3 0.7662  0.6541 —
2 04335 0389 04070 —

larity between stations 2 and 5 and between
stations 3 and 4. The highest similarity be-
tween stations 3 and 4 indicates that both
of these stations arc polluted to ncarly the
same extent; cach is dissimilar or has a low
similarity to the clean water station 2. The
great dissimilarity between stations 4 and 5
shows that station 5 is in an improved con-
dition. From microscopic results, the indices
show a limited difference between stations.
It does show that stations 2 and 5 are more
similar than arc stations 2 and 3 or 2 and
4. Unlike the macroscopic index, this index
gives the greatest similarity between stations
3 and 5. The result does not appcear to be
reflected by the other parameters.

Tanre 6. Physical and chemical conditions along Caney Creek (summer, 1969).

STATION DISTANCE VELLCI®Y FLOW  D.0. C.0.D. ALKALINITY TOURBIDITY pH m PO,
(1) (tps) (mgd)

2 0.000 0.292 0.20 7.9 4.7 130 7 7.2 150 0.27
COUTFALL 1 0.133 0.348 0.90 — — — — 7.1 — —-—
: 3 0.166 0.348 0.90 4.8 18.7 140 10 73 200 15.0

OUTFALL 2 0.240  0.348 090 — — —_ — 7.2 — -

4 0.373 1.000 237 4.6 234 160 10 7.5 220 7.0

5 1.373 0.645 3.25 6.1 14.0 150 8 7.5 200 4.0

6 3.090 0477 3.42 6.5 — —_ — 74 — 4.0

B 4.730 — 358 7.1 — — — 74 - 1.0

8 8.980 — 6.52 — 9.4 — —_ —_ — 0.2

9 10.13 — 12.70 —_ _— —_ —_ — —_ 0.2

10 16.43 — 1580 76 - - - - - -




ACKNOWLEDGMENT

The funds for this project were provided
by a grant from DOI Contract No. 12060
DSB.

REFERENCES

1. A. F. Bartsch and W. M. Incram, Public
Works 90: 104 (1959).

2. R. C. Harrer and T. C. Dorris, Amer. Midl.
Natur. 80: 220 (1968).

3. E. F. Menninicx, Ecology 45: 859 (1964).

4. J. L. WiLnwm, J. Water Pollut. Contr. Fed. 39:
1673 (1967).

8

10

. R. O. Axperson, Limnol. Oceanogr. 4: 223

(1959).
. R. L. Usincer. Aquatic

Insccts of California,

University of California Press, Berkcley, 1963.

. W. T. EDMONDSON (FD.

.), Warp and \Wuip-

pLE, Fresh Watcr Biology, 2nd ed., John
Wiley & Sons, Inc., New York, 1959.

. U. S. DEPARTMENT oF THE INTERIOR, A Guide
to the Common Diatoms at Water Pollution
Surveillance System Stations, Fed. Water
Pollut. Contr. Fed., Cincinnati, 1966.

. E. H. Simpson, Nature 163: 688 (1949).

. R. F. BurLincroN, J.
Fed. 34: 179 (1962).

Water Pollut. Contr.



	p049
	p050
	p051
	p052
	p053
	p054
	p055
	p056

