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Curia Creek begins just west
of Cave City, Ark., in the roll-
ing southern portion of the Sa-
lem Piateau. The stream winds
in a southeasterly direction
across the rugged Springfield
Plateau, enters the Mississippl
Embayment, and then joins the
Black River below its confluence
with the Strawberry River.

in 1968, Cave City built a
wastewatcer holding pond, which
coutd accommodate approxi-
mately 1200 residents. The
community reached this popu-
lation by the mid-1970s and
untreated domestic wastewater
from the pond began to enter
the nearby headwaters of Curia
Creck.

As time passed, the situation
worsened. In dry weather, Cu-
ria Creek became intermittent
above the pond, and the waste-
water effluent represented 100%
of the stream flow. As a result,
the stream’s headwaters became
extensively polluted, and the
stench of domestic wastewater
coutd be derected in the stream
up to 2 km downstream of the
effluent discharge.

s Billy 6. Justus, George L. Harp

n 1987, to alleviate Curia Creck
water-quality deterioration and
accommodate the town’s grow-
E ing population, Cave City, Ark,,
built a new wastewater treatiment
R olant. The new Cave City plant
uses innovative boat clarifier technol-
ogy, which climinates the need for an
external clarificr structure or a return
sludge removal and pumping system by
[oeating the clarifier in the oxidation
ditch. Because equipment operation
and maintenance are reduced in the
clarification zone, there are fewer prob-
Jems with cold-climate applications and
lower energy costs {Stensel, 1986).
Boat clarifiers produce effluents that
meet secondary treanment standards;
however, their long-term performance
was not documented when the new
Cave City plant was built. To assess
jong-term performance of the Cave City
treatment plant’s boat clarifier iechnol-
agy, a study was conducted to monitor
Curia Creek aguatic macroinvertebrates
below the treatment plant effluent and
determine the nature of thelr recovery
from conditions present before the tech-
nology was implemented.

STUDY SET UP

Recause the point source of pollu-
tion—the phant’s discharge—was lo-
cated at Curia Creek’s headwaters, two
stations were established in the upper
region of the creek {see Box Upper Cu-
i Creek). The first station, Curia 1, was
approximatety 100 m below the plant’s
discharge and the second station, Curia
2, was approximately 2.3 km down-
stream, just above a county road bridge.

Even during dry periods, stream flow

at Curia 2 was greater than at Curia 1
because of inflowing groundwater from
several springs benween the two stations.

A control station, Jackson 1, was cs-
tablished on Jackson Creck, which is a
wibutary of Curia Creek, about 2.8 km
southeast of Curia 1. Stream order,
stream flow, water depth, and substrate
composition at this station are compa-
rable to those at Curia }.

Sample collection and analysis.
Macroinvertebrates  were  collecred
from cach station 12 times between
May 1987 and November 1988,
Monthly sampling started 2 monibs
before sccondary treatment began. Bi-
monthly sampling was initiated midway
through the study because of the de-
layed on-iine date of the new facility
and continued for 3 months after ter-
tiary treatment began.

On cach sampling date, each station
was sampled qualitatively for 1.5 man-
hours using a Turtox Indestructable™
dip net. Specimens were permanently
preserved in 70% ethanol.

All macroinverrcbrates were sorted
and identified in the laboratory.
Simpson  diversity, Simpson domi-
nance, Shannon-Weiner  diversity,
H'max, and evenncss vahues were cal-
culated for cach macroinvertebrate col-
jection (see Table), and stream order
for all stations was determined (see Box
Parameter Definitions).

RESULTS AND DISCUSSION

Aguatic macroinvertebrates collected
in this study were quite diverse and
their numbers flucruated greatly (Fig-
ure 1).

Jackson 1. The control station was




Figure 1—Number of Organisms Collected
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Control and Ecology, 1985).

Upper Curia Creek

Stream gradient in the upper region of Curia Creek is about 6 m/km.
Two large waterfalls cut across sandstone outcrops between the two sta-
tions, and long pools separated by riffles exist above and below each fall.
Bedrock in the area consists of Boone Limestone, St. Peter Sandstene, and
Powell Dolomite. The stream substrate consists of bedrock, sandstone,
cobble, and gravel mixed with sand (Arkansas Department of Pollution

the most heterogenous and therefore
the most stable station; of the 193
macroinvertebrare taxa collected during
this study, 138 occurred at Jackson 1.
Macroinvertebrate diversity was greater
at Jackson 1 than at the other two sta-
rions for most of the samples. Further,
more taxa were collected at this station
in & of the 12 samples {Figure 2). -
versity was the highest for the first four
and the last five samples collected at
Jackson 1 and the lowest for the three
middle samples, which were collected in
November, January, and March, thus
showing a distinct seasonal fluctuation.

Without c¢xception, Jackson 1
samples contained fower organisms
than did samples from other stations.
Consequently, the percentages of the
rotal standing crops of the four most
abundant taxa were fower than at the
other stations—chironomids, 13.6%;
Phvsa, 7.7%; Pisidinm, 6.8%; and asta-
cids, 6.1%.

Macroinvertehrate  raxa such  as
Pepfesta placide,  Allocapnin, and
Helichus were commonly collecred at
Jackson 1. P. placida represented ap-

proximately 17% and 25% of the total
organisms in May 1987 and May 1988,
respectively.  Fifteen  specimens  of
Allocapnia were collected in November
1988, approximately 11% of the total
organisms collecred on that dare.
Helickus adults were collected in ap-
proximately 58% of the samples; collec-
tion of the these beetles was sporadic
throughout the study.

Aguatic macroinvertebrates such as
plecopterans and some drvopoid beetles
that were collected at this site bave spe-
cial adaprations that allow them to ¢x-
tract DO from water {scc Box Macro-
invertelrate Adaptationsy, their presence
thus indicates a fairly pristine environ-
ment and that Jackson 1 was a suitable
control.

The biological reguirements of many
taxa limit them to lotic environments
such as unpoliuted streams that typically
contain diverse habitats and high DO
concentrations. The fact that several taxa
were collecred thar exeract 2O from the
water and require relatively high oxygen
concentrations is further evidence that
this stream is relatively stable.

Chironomid larvae represented only
14% of the organisms collected ar this
station and were the dominant organ-
isims in August and September 1987 and
March 1988, In these three samples,
they represented 11% to 36% of the to-
tal number of macroinvertebrates, Chi-
ronomids and Physa were the only taxa
cotlected on every sampling date.

Jackson 17s biote stability in the fisst
half of the study, as opposed 1o those
of the Curia Creck stations, can be at-
tributed to the fact that Jackson Creek
received less poliution than did Curia
Creele, whicly was negatively atfected by
the tremendous amounts of material in
the efffuent from the wastewater pond.

Curia 1. Curia 1 was less taxonomi-
cally hererogenous than the other two
stations; only 109 raxa were collected
{Figure 2). Diversity at this station was
relatively low in the first seven samples
{see¢ Table); however, the last five
samples indicated an increase in species
richness. These diversity indexes are
comparable to those exhibited by the
controf station throughout the study.
Indexes for Simpson and Shannon-
Weiner divessities and H'max were low-
est in nine samples; however, diversity
index values were higher than or inter-
mediate to those from the other stations
in three of the fast four samples.

In eight samples, the total number of
organisms colleeted ar this station was
higher than as the other swo sampling
stations (Figure 1), As a result, the -
tal macroinvertebrate standing crop at
Curia 1 was 33% greater than the crop
at Curia 2 and 65% greater than the crop
at Jackson 1. Of the four Curja 1




Parameter Definitions

Simpson Diversity—the number of randomiy selected pairs of individuals
that must be drawn from a community to have an even cﬁonce of obtaining
a pair with both individuals of the same species. It therefore expresses the
dominance or concentration of abundance into the one or two commonest
species of the community (Poole, 1974).
Shannon-Weiner Diversity—the relative evenness of the abundance of all
of the species; relatively independent of sample size (Pocle, 1984).
H'max—the calculated theoretical maximum diversi?/ {Wilhm and Doris,
1968). The base 2 fogarithm was selected in this study fo
sity indexes, as it is the most commonly used log (Cox, 1985).
Evenness—how the individuals are apportioned among the species.

r caleulating diver-

samples in which macroinvertebrate
standing crop was intermediate ro the
other stations, three were in the last five
samples,

Organisms that were consistently col-
lected during the first half of the study
at Curia 1 were cither tolerant of low
dissolved oxygen (D) concentration in
the water or were able to use atmo-
spheric oxygen. Examples of such taxa
include  chironomids, oligochaetes,
Microvelin americana, belostomarids,

Corisetl edults, Peltodyres dwodecim-
punctatus, Laccophilus larvae, Trop-
ssternas larvae and adules, Plathemis
bydin, and Pachydiplax longipenis,
Chironomid larvae, most of which
were determined to be Chirenomaues,
represented  59.3%  of the toral
macroinvertebrate standing crop at
Curia 1. 'This was the only taxon col-
lected in all samples and was the domi-
nant organism from May 1987 o
March 1988, during whicl time they

represented 37% to 87% of the toral
organisms collected. Chironomids de-
clined significantly in March 1988 and,
by the end of the study, were in rela-
dvely low numbers.

Many taxa, such as decapods,
plecopterans, ephemeropterans, mega-
lopterans, and trichopterans, were sel-
dom collected at Curia 1 during the
firse half of the study but were coilected
during the last half, many were col-
lected only in the last third of the
study.

Lircens was the only isopod collected
at Curia L. Only 6% of these organ-
isms was collected during the first half
of the study, but, as chironomid num-
bers decreased, Lircens numbers in-
creased: 50% of the macroinvertebrate
standing crop in the November 1988
sample was Lircens.

The Auctuation of biological param-
eters that were sampled ar Curia 1 was
not caused by scasonal variation but by
the inordinate amount of organic
wastes present initally at this station,
and later by the improved water qual-
ity as a result of cffluent weatment by
the new treatment plant.

Figure 2—Number of Taxa Collected
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Diversity, Dominance, H'Max, and Evenness

1987 1988

Parameter, station May  June  July Aug.  Sept.  Nov. Jan, Moy  July  Sept.  Nov.
Simpson Diversity

Curia 1 0.348 0.314 0.248 0.300 0387 0.5%6 0.54% 0.830 0917 0927 0728

Curia 2 0.822 0724 0802 0874 0922 0809 0.800 0701 0836 0886 0844

Jackson 1 0.921 0956 0933 0857 0966 0855 0.861 0923 0951 0.8%4 0.923
Shannon Diversity

Curia 1 109 1070 1053 1.236 1.595 209 1,618 3.013 4189 4478 2.986

Curia 2 3096 2897 3528 3786 4172 3.558 3315 2744 3893 4023 3701

Jackson 1 4285 5013 4.465 3774 4870 3292 3259 4.468 4674 4362 3950
Simpson Dominance

Curia 1 0.652 0486 0752 0700 0.613 0.404 0.451 0170 0083 0073 0.272

Curia 2 0.178 0276 0.198 0.126 0078 0.191 0200 0299 0144 0114 0.154

Juckson 1 0079 0044 0067 0.143 0.034 0145 0139 0077 0.049 0106 0077
H'max

Curia 3 3.697 4245 4458 4521 4999 4.458 3.322 4754 5521 5584 5129

Curia 2 4857 5169 5209 5209 5169 5129 5169 4999 5554 5391 5425

Jackson 1 51469 5700 5355 5129 5245 4.64 4392 5670 5355 5.641 4641
Evenness

Curia 1 0.296 0252 0234 0273 0319 0470 0.487 04634 0759 0802 0.582

Curia 2 0.637 0560 0477 0727 0807 0.6%4 0.641 0549 0701 0.746 0.4682

Jackson 1 0829 0879 0834 0736 0928 0709 0742 0788 0873 0733 085

were drainage of the old wastewater
pond and crosion of organic material
from arcas of the stream that had once
been depositional and had accumulated
organic material over time.

Although macroinvertebrate stand-
ing crop and diversity indexes for
macroinvertebrates collected at Curia
2 fluctuated listle chroughout the study
as a result of the initial recovery of the
stream ar that station and the expected
recovery lag because of the
downstream location of Cu-
ria 2 to Curia 1, sampie data
show that more taxa were
coliected in the last three
samples than in any previous
sample. Augmented specics
richness, as exhibired by these
samples, resulted not from
scasonal variation, as was the
case at Jackson 1, but from
improved water quality.

The natural recuperative powers of
this creck are attested to by the pres-
ence of several taxa that are sensitive
ro wastewater and low 12O concentra-
tions, cven in the initial stages of the
study. For example, more stonefly taxa
were encountered at Curia 2 than at
any other station. The sporadic occur-
rence of these taxa is evidence that the
stream contained substantial amounts
of oxygen throughout the study be-
cause organisms such as Perlesta, whicl
occurred in the first sample before ef-
fluent treatment, are intolerant of low
DO concentrations.

BOAT CLARIFIER EFFECTIVENESS

The data collected in this study in-
dicate that the boat clarifier is indeed
an effective means of wastewater treat-
ment. Warter quality at Curia 1 and 2
approached that of Jackson 1 by the
end of the study. This substantial re-
covery was directly related to second-
ary cffiuent treatment by boat clarifi-
cation, which had a positive cffect on
water quality and consequently allowed

Boat clarifiers are
effective in treating

wastewater.

macroinvertebrates to expleit the pre-
vigusly unavailable habirat.

Data from Curia 1 and 2 do not in-
dicate cither an increase or decrease in
species richness after tertiary effluent
treatment began in August 1988,
However, this is probably because of
the short period the ereck was studicd
after tertiary treatment began and be-
causc of the great extent to which Cu-
ria Creek had already recovered, =

Billy G. Justus is an envirenmental
scientist for the Mississippi Department
of Envivonmental Quality in Pearl, and
George L. Harp is professor of zoology at

Avrkansas State University in Joneshoro.
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Initially, decomposition of domestic
waste at this station resulted in Jlow DO
concentrations; only ‘organisms toler-
ant to low DO concentrations and
those that used armospheric oxygen
were collected during the fisst half of
the study. The fact that more organ-
isms were coliected in the first half of
the study than were collected in the
latter half is probably because of the
lack of interspecific competition and
predation on those taxa present.

The most obwious indication of poor
water quality at Curia 1 at the begin-
ning of the study was the pres-
ence of the large standing crop
of chironomid larvae from
May 1987 to January 1988.
Because Chironomus larvac
have the respiratory pigment
hemoglobin in their blood,
they may not be affecred by
low DO, even in arcas where
DO concentrations are as low
as 15% of the saturated state.
If oxygen concentrations are
lower than 15% saturation, the
larvae enter a quiescent state,
which lowers their metabolic
rate and decreases their oxygen demand,
The tarvae are thus capable of remain-
ing in quicscence until the water’s oxy-
gen supply increases. Chironons exhib-
its a rapid life cycle, and several genera-
tions may be produced in the same year
(Johannsen, 1969}, High numbers are
often encountered where there s lirtle
competition and predation.

Dxata indicate that this station began
1o recover about midway through the
study. Macroinvertebrate  standing
crop, number of taxa collected, and
diversity indexes for samples from this
portion of the study approached val-
ues exhibited by Jackson 1 and Curia
2. Water-quality improvement at Cu-
ria 1 was documented by a decrease of
tolerant organisms and an increase of
pollution-intolerant organisms.

The decrease in chironomid larvae,
first noted in March 1988, continued
antil the end of the study, when they
represented only 1% of the macroin-
vertebrate standing crop. The decline of
this taxon was the result of effluent reat-
ment, which decreased the amount of
decomposing organic matter in the wa-
ter and thereby increased DO coneen-
tration. As water quality improved,
predators and competitors of the larvae
became more common and chironomid
numbers were reduced.

The succession of chironomid larvac
by Lircens indicates less organic poliu-
tion in the aquatic environment. Be-
cause Lércens is less rolerant of organic
pollution, some specics are abundant
in the recovery zones of streams pol-

luted by domestic wastewater (Pennak,
1978), and Asellus, a close relative of
Lircens, often succeeds Chironomus
downstream from coriched outfalis
(Hynes, 1963). Organic carichment at
this station was further evidenced by
the presence of a plankton bloom in
March 1988 and by large masses of
Cladophora besween March and Sep-
tember 1988.

The appearance of taxa such as de-
capods, plecopterans, ephemeropterans,
megalopterans, and trichopterans as the
study progressed indicatee] habirat im-

These phenomena

emphasize the fine line

that distinguishes an

enriched environment from

a slightly polluted one.

provement at Curia 1 as secondary cf*
fluent treatment continued. Stream re-
covery at this site was finther confirmed
by the general appearance and odor of
the water, which improved tremen-
dously as the study progressed.

Curia 2. Data collected ar Curia 2
indicate that this station was interme-
diate to Curia 1 and Jackson 1 with
respect to numbers and kinds of
aquatic macroinvertebrates collected
and diversity values calculated (sec
Table), Deviations from this general
pattern occurred during the latrer
stages of the study. For example, more
taxa were collected at Curia 2 than at
Fackson 1 on four sampling dates, three
of which were during the last five sam-
pling periods.

Little data fluctuation was observed
at this station; macroinvertebrate
standing crop (Figure 1) and diversity
indexes were comparable ro those for

samples  collected  throughout the
study, However, like Curia 1, more
taxa were coliected in the last three
samples (Figure 2).

Most taxa collected at Curia 2 were
detrivvores such as Lircens, Gamnarus,
astacids, Caenis, Chewmaropsyche, Pelto-
dytes dugdecimpunceatus, and chirono-
mids.

Lireens was the only isopod collecred
at Curia 2. This taxon was collected in
75% of the samples and was the domi-
nant organism collected in January and
November 1988, when ir represented
30% to 40% of the specimens,
respectively, Lircens also rep-
resented 26% of the organisms
collected in March 1988. The
amphipod  Gammarus was
one of two taxa collected in
alt 12 samples at Curia 2. This
taxon represented the fargest
number of organisms of any
raxon collecred at this site.
Thirty-three percent of mag-
roinvertebrates collected in
the first sample {May 1987)
was composed of midge fly
larvae, but successive collec-
tions did not contain large numbers of
this organism.

The much fower macroinvertebrate
standing crop and significantly greater
diversity at Curia 2 compared o Curia
1 during the initial study period prob-
ably resulted from the natural recov-
ery of the stream because of the water’s
exposure to the atmosphere by turbu-
lence, stream acration at the two falis
berween the stations, and surface wa-
ter dilution with groundwater below
the firsy fall.

Although the data indicate that oxy-
gen was not limiting at Curia 2 during
the first half of the study, the large
collections of several detritivores, the
presence of large masses of Cladophora,
and a plankton bloom indicate an en-
riched environment. These phenomena
emphasize the fine line that diszinguishes
an emviched enviropment from a slightly
polluted one. Sources of enrichment

the presence of stone

Macroinvertebrate Adaptations

Most plecopteran species are very sensitive to polluting substances, and
ﬁy nymphs such as Perlesta placida and Allocapnia
indicates that Jackson Creek is relatively clean (Claassen, 1931) and was
a suitable confrol. Helichus beetles extract oxygen from the water with a
lastron, a cuticular meshwork of hydrofuge hairs that hold water from the
Ecdy surface and form a permanent gas film that serves as a gill. Because
o this adaptation, the organism is limited o areas of low organic pollutant
and high dissolved oxygen (DO) concentrations. Pollutants act as wettin
agents to the plastron, and oxygen then diffuses from the insect througE
this structure it DO is low (Brown 1976).
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Although there are over 100 units in successful operation worldwide, the "S.8. Cave City"'® was the first BOAT®

intra-channel clarifier instailed in the state of Arkansas.
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“There is one thing
stronger than all the
armies in the world,
and that is an Idea
whose time has come.”

Victor Hugo
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