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BENTHIC MACROINVERTEBRATE COMMUNITIES AID WATER
QUALITY EVALUATION OF THE WASHITA RIVER

W. Kenneth Morris and Michael P. Madden
Oklahoma Water Resources Board, Oklahoma City, Oklahoma

The impact of brine discharge and regular releases from the Foss Demineralization Plant (FDP) and Foss
Reservoir (FR), respectively, on the chemical characteristics of 27 miles of the Washita River below Foss
Reservoir in Custer County, Oklahoma, has been determined (1). Indices that describe the community structure
of benthic macroinvertebrates aid water quality evaluations by portraying the present habitat conditions as well
as those in the recent past (2, 3, 4, 5). Therefore, in conjunction with the chemical evaluation of the Washita
River below Foss Reservoir, a biological evaluation was planned utilizing community diversity indices.

A disadvantage to a biological water quality evaluation is the large amount of time needed to identify the
organisms collected, which reduces the timeliness of the results. To prevent this loss of timeliness, partial
results — the benthic community structure of the Washita River from February, 1973 to August, 1973 prior to
the 1975 commencement of FDP and FR discharges — are presented here.

Four samples were taken at each of 10 sites (Fig. 1) every month except for Feb-

FIGURE 1. The ten benthic macroinvertebrate collection sites concerning the water quality investiga-
tion of this Washita River segment.
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ruary and August for the above period. The petite ponar grab was chosen as the sampling device because of
substrate and stream characteristics of the Washita River and the comparable efficiency of the ponar with other
dredge samplers (4). Practical considerations discouraged the use of artificial substrates. Grab samples were
taken near each bank and two near midstream to obtain representative stream substrate conditions. A transect
angled upstream was followed at each site to avoid disturbing the substrate prior to sampling. Each grab was
sieved in-stream with a wash frame containing a 30-mesh brass screen, transferred to glass containers (1 to 0.5
1) and preserved with 95% ethanol containing 0.2 g/l of Rose Bengal stain to facilitate sorting.

Level of identification varied depending on difficulty of each different group and remained consistent for
each lowest practical taxon. Empty mollusc shells were treated as stream inhabitants and all molluscs were
identified according to shell characters. Many taxonomic studies were used, but Ward and Whipple (6), Pennak
(7), and Mason (8) were the main references.

Equations 1 and 2 were used to calculate the community diversity and redundancy indices.

Equation 1. Brillouin (9),
Community Diversity

- 1 S
d. = gllog,nt- S log ny)

with n and s the same as in Equation 1. i1
The Brillouin equation was used because it is preferred when where: n;— number of individuals
small sample sizes, n < 100, are encountered (11). The equation per taxon
proposed by Wilhm and Dorris (2) is an approximation and n :fﬁ:ﬁlv ?(im;lf;efof
should be used only when n > 100 (4). s — toral number of taxa
The indices representing the community structure for March, in sample
1973, through July, 1973, were analyzed with two-way Equation 2. Margalef (10),
ANOVAS without replication (12) to detect differences between Redundancy __
the 10 sites and five months. The indices for February and - ‘_j;B_nﬁL'Z_d;B_
August, 1973, were not included with these analyses because of demax —9emin

incomplete sampling. One subsample each from April - site 3,
June - site 1, and August - site 2 was discarded owing to
preservative evaporation.

log, n! — log,(n-s+1)!
n

where:d—;min =

logyn! —slog,(g)!
n

and d_Bmax =

OLIGOCHAETA UNIDENTIFIABLE 0.03%

COLEOPTERA 2.4%

DIPTERA TRICHOPTERA 0.9%

NEUROPTERA EPHEMEROPTERA
HYDROZOA | PELECYPODA 2.8%
HRUDINEA | ACH NEMATODA 1.2%
PLECOPTERA

CRUSTACEA ODONATA 0.6%

GASTROPODA

FIGURE 2. The proportions of benthic macroinvertebrate organisms collected from 27 miles of the
¥ashita River below Foss Reservoir.
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A total of 13,811 benthic macroinvertebrates representing 108
taxa were collected during this period. The majority of individuals
(Fig. 2) and taxa (Fig. 3) were dipterans, specifically 42 genera of
Chironomidae with Psectrocladius predominating (31.8%). This
species is tolerant to a wide range of environmental conditions
(13). Gyraulus and Sphaerium were the most abundant molluscs.
Musculium was treated as synonymous with Sphaerium. The
following groups were represented by one specimen each:
Hydrozoa, Hirudinea, Crustacea, and Neuroptera. The Oligochaeta
were represented by 1700 specimens. Only three Plecopteran were
collected.

Most of the individuals not included in the community
structure indices were 610 chironomid pupae, 190 organisms
separated only for major group recognition, and four
unrecognizable organisms. Further investigation is under way to
verify rare taxa found; at present, only an incomplete list of taxa
collected is available (Table 1).

The null hypothesis was rejected for the community structure
indices comparing months (dg at P < 0.001, and 0.05 > P > 0.01
for rg ). A decrease in mean diversities occurred from the largest
one in March to the lowest diversity representing June and then a
slight increase occurred in July (Table 2). This decrease was
expected considering the normal emergence of the mature insect
fauna as summer approached. The largest range of diversities for
the five months analyzed occurred in April and ranged from 0.91
to 3.97 at sites 3 and 5,

GASTROPODA
TRICHOPTERA 4.6%
PELECYPODA 4.6%

ODONATA 56%

DIPTERA

TABLE 1. Benthic macroinvertebrates collected in
27 miles of the Washita River in Custer County,
Oklahoma, below Foss Reservoir from Febru-
ary, 1973 to August, 1973.

ANNELIDA

OLIGOCHAETA
Unidentifiable species

ARTHROPODA

INSECTA

Ephemeroptera
Caenis sp.
Baetis sp.
Hexagenia sp.
Tricorythodes sp.
Cloeon sp.

Odonata
Unidentifiable Gomphidae

Coleoptera
Dubiraphia sp.
Berosus sp.

Diptera
Unidentifiable Ceratopogonidae
Chironomidae
Unidentifiable Chironomidae pupae
Cryptochironomus sp.
Goeldichironomus sp.
Pseudochironomus sp.
Paralauterborniella sp.
Harnischia sp.
Glyptotendipes sp.
Cricotopus sp.
Psectrocladius sp.
Rbeotanytarsus sp.

MOLLUSCA
GASTROPODA
Lymnaea sp.
Physa sp.
Gyrarnlus sp.
Helisoma sp.

PELECYPODA
Sohaerium sp.

EPHEMEROPTERA

COLEOPTERA 6.5%

PLECOPTERA
NEUROPTERA
CRUSTACEA

1

HIRUDINEA
HYDROZOA

<1%
EACH

OLIGOCHAETA
NEMATODA

FIGURE 3. The proportions of benthic macroinvertebrate taxa collected from 27 miles of the

Washita River below Foss Reservoir.
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respectively. This fluctuation of diversities might be partially explained by a spring insect emergence. The mean
redundancies for March through July ranged from 0.32 to 0.51 (Table 2) illustrating a slight dominance among
taxa, specifically Gyraulus, Psectrocladius, oligochaetes, Physa, ceratopogons and Cryptochironomus.

Although there was a gradual increase in total dissolved solids (TDS) from site 1 downstream to site 10 (1),
no significant differences were found between sites for dg or rg. The effect of TDS, mainly sulfates and
chlorides, on benthic communities might be small and require a more thorough sampling to detect a difference.

Diversity indices greater than 3 have been found in good-quality water and values of 2 and 1 in
progressively worse-quality water (2). Utilizing this system to evaluate water quality, the Washita River was
found to exhibit clean water in March and was moderately polluted in the Spring (Table 2). Categorizing the
Washita River as moderately polluted might be inappropriate, because the term pollution legally refers to an
indirect or direct water quality degradation influenced by man (15), whereas the high mineral content found in
the Washita River during this period (1) is principally derived from natural gypsum formations.

These water quality generalizations based only on benthic community indices can be misleading if not
qualified. On account of procedural differences in sampling and mathematical computation, diversity
comparisons should be performed with caution, if at all. The species diversity in the North Fork of the Red
River near Headrick, Oklahoma, was reported to be 2.82 on June 30, 1976 (14), and the mean diversity for 10
sites on the Washita River was 1.94 in June, 1973; yet the TDS of 1717.9 mg/l, mainly chlorides, in the North
Fork of the Red River was higher than the Washita River's TDS of 360 mg/l, primarily sulfates. Therefore, the
effect of chlorides on the benthic macroinvertebrates could exceed the sulfates impact, partially explaining the
lower diversity value for the Washita River. Comparatively, the Washita River's water quality in reference to
TDS is average for the Upper Red River Basin (15).

Many aspects need to be considered before classifying water quality, not just benthic diversity indices.
Considering nutrients, minerals and metal concentrations, the Oklahoma State Health Department ranked the
Washita River water quality below most of the major tributaries in the Red River drainage basin (14). In view of
the high mineral content and low community diversities, the Washita River had poor water quality from April
through July, 1973, but qualified for eight beneficial uses including irrigation (15).
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