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Foreword

The Complex Effluent Toxicity Testing Program was initiated to support the
developing trend toward water quality-based toxicity control in the National
Pollutant Discharge Elimination System (NPDES) permit program. It 1s designed
toinvestigate, under actual discharge situations, the appropriateness and utility
of “whole effluent toxicity ' testing in the identification, analysis, and control of
adverse water quality impact caused by the discharge of toxic effluents.

The four objectives of the Compiex Effluent Testing Program are:

1. To investigate the validity of effluent toxicity tests in predicting adverse
Impact on receiving waters caused by the discharge of toxic effluents.

2. Todetermine appropriate testing procedures which will support regulatory
agencies as they begin to establish water quality-based toxicity control
programs.

3. To provide practical case exampies of how such testing procedures can be
apphed to effluents discharged to a recerving water.

4. To field test short-term chronic toxicity tests involving the test organisms,
Ceriodaphnia and Pimephales promelas.

Until recently, NPDES permitting has focused on achieving technology-based
control levefs for toxic and conventional pollutants n which regulatory
authorities set permit limits on the basis of national guidetines. Control levels
reflected the best treatment technology available, considering technical and
economitc achievability. Such limits did not, nor were they des:gned to, protect
water quality an a site-specific basis.

The NPDES permits program, in existence for over 10 years, has achieved the
goal of implementing technology-based controis. With the controls largely
in place. future controls for toxic pollutants will, of necessity, be based on
site-specific water quality considerations.

Setting water quality-based controls for toxicity can be accomplished in two
ways. The firstis the pollutant-specific approach which involves setting hmats for
single chemicals, based on laboratory-derived no-effect levels. The secondis the
“whole effluent’” approach which involves setting irmits using effluent .u.aty
as a control parameter. There are advantages and disadvantages to bu.h
approaches.

The “whole effluent’’ approach eiiminates the need to specify a imit for each of
thousands of substances that may be found 1n an effluent. It aiso includes all
interactions between constituents as wel as biological availability Such limits
determined on fresh eflfuent may not reflect toxicrty after aging in the stream
and fate processes change effluent composition This problem i1s less important
since permit limits are normally applied at the edge of the mixing zone where
aging has not yet occurred.

To date. eight sites involving municipal and industrial dischargers have been
investigated They are, in order of investigation
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Scippo Creek, Circleville, Ohio

Ottawa River, Lima, Ohio

Five Mile Creek, Birmingham, Alabama
Skeleton Creek, Enid, Oklahoma
Naugatuck River, Waterbury, Connecticut
Back River, Baltimore Harbor, Maryland
Ohio River, Wheeling, West Virginia
Kanawha River, Charleston, West Virginia

ONOA bW

This report presents the site study on Skeleton Creek, Enid, Oklahoma, which
was conducted in August 1983. The stream is small and receives discharges
from two industries and one publicly owned treatmaent works.

This project is a research effort only and has not involved either NPDES permit
issuance or anforcement activities.

Rick Brandes
Permits Division

Neison Thomas
ERL/Duluth

Project Officers
Complex Effluent Toxicity
Testing Program
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Executive Summary

Skeleton Creek was studied in August 19B3 and was the fourth site study.
Skeleton Creek 1s located in an agriculturai area in northwastern Oklahoma.
near Enid. The creek has a shallow gradient with mostly sand and sandstone
bedrock. A small creek, Boggy Creek receives discharges from both an oll
refinery and a publicly owned treatment works (POTW) prior to its confluence
with Skeleton Creek. A fertilizer processing plant discharge is located on
Skeleton Creek just downstream of the confluence of the two streams.

The toxicity of two effluents and ambient stream stations were evaluated.
Hydrological and ecological field surveys were 2lso done. A comparison of the
relationship between the measured toxicity of the water samples collected from
the stream and the heaith of the aquatic communtty at the same stream stations
is made.

The results of the toxicity tests found the fathead minnow 7-day growth test to be
more sensitive to both effluents than the 7-day Ceriodaphnia reproduction test.
Station 5, below all three discharges, was the station where the toxicity tests,
zooplankton and fish were the most affected.

Both the toxicity test data andthe ecological survey data show that impact at the
stream stattons is correlated with the toxicity measured (number of species lost)
Correct predictions were made for 87.5 percent of the stations when any egual
level of impairment and toxicity was compared.

The results of this study combined with those previous studies published
{Mountetal, 1384, and Mountand Norberg, 1985) and ones yet to be pubhshed
(1 e.. Mountet al., 1985} wiil be used to recommend the best available approach
to predict the impacts of discharges on biclogical communities using effluent
and ambient toxicity tests. The data from this study ciearly indicate the utility of
effluent and ambient toxicity tests for predicting instream effects.
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Quality Assurance

Coordination of the study was done by the principal investigator preceding any
field work or toxicity testing. A reconnaissance trip was made to the site in the
spring of 1983 to abtain the necessary detaiis regarding each discharge and to
make a cursory evaluation of the stream. Following that trip, the details were
delineated for setting sampiing dates and the specific sampling sites; and the
specific measurements to be made for each stream station. This study required
coordination in setting artificial substrates, removing the substrates, planning
the hydroiogical and ecologicai surveys, and coliection of effiuents and water
samples for the toxicity tests by two arganizations (see list of contributors). The
principai investigator was responsibie for aii the quaiity assurance reilated
decisions. All instrumentation used during the study were calibrated daily
according to manufacturers specifications. Test organisms for the toxicity tests
were laboratory raised.
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1. Introduction

Future activities in water pollution control will focus,
in part, on the control of toxic pollutants that impact
water quality. There are two methods used n
controlling toxic impact: pollutant-specific controls
and “‘whole effluent toxicity’’ controls. Because
toxicity testing evaluates a living organism’s re-
sponse, it has an advantage over chemical-specific
analyses which may not identify all poliutants in a
wastewater sample and which cannot detect toxicity
interactions. Toxicity information can provide a basis
tor permit limits based on state water quality stan-
dards for toxicity- or technology-based requirements.

The primary purpose of this study is to investigate the
relationship between effluent and ambient toxicity,
and community response. Toxicity tests have the
potential to predict instream impact.

This repart is organized into chapters corresponding
to the project tasks. Following an overview of the site
description and study design, the chapters are
arranged into hydrological survey chapters, toxicity
test results, and ecological survey results for the
study. An integration of the laboratory and field
studies are presented in Chapter 8. All the laboratory
methods, hydrology methods, ecological survey meth-
ods, and supporting data are presented in the
appendices.



2. Study Design and Site Description

The study area was on Skeleton Creek., which
originates 6.4 km northeast of Enid, Oklahoma. Boggy
Creek begins 3 km south of Enid and flows southeast
for 12 km betore 1ts confluence with Skeileton Creek,
which then flows 105 km before its confluence with
the Cimarron River. A Refinery and a Publicly Owned
Treatment Works {POTW) discharge treated effluent
into Boggy Creek. The POTW is an activated sludge
plant. The most upstream discharge is the refinery,
but the POTW discharge is only 0.2 km downstream
of it. Littte mixing occurs before the refinery effluent
meets the POTW outfall. A Fertitizer manufacturing
plant discharges s treated effluent into Skeleton
Creek 0.5 km downstream from the confluence with
Boggy Creek. The streams maintain a shallow gradi-
entof 1 m/km. Duringthe 1983 field sampling period.
the POTW pumped its treated wastewater at night to
both the Refinery and Fertilizer Plant for use as
process water and the POTW discharged directly into
Boggy Creek during the day. The Retinery discharged
continuously to Boggy Creek while the Fertilizer Plant
discharged intermittently into Skeleton Creek. Actual
discharge flow measurements are given in Chapter 3.

Study components include 7-day Ceriodaphnia®
reproductive toxiCity tests and 7-day larval growth
tests on fathead minnows on ambtent samples from
the stream stations and various concentrations of the
Refinery and Fertilizer Plant effluents. The POTW
effluent was not tested because during the study
period the ptant anticipated that its discharge would
allgotothe Refinery and Fertilizer Plant. Also, stream
flow and discharge volume measurements, quanti-
tattve assessment of the planktonic, macroinverte-
brate. and fish communities were made. Artificial
substrates were set in the stream July 20 and were
removed when field sampling, effluent, and water
sampling was completed August9to 11, 1983. Water
samples for the toxicity tests were collected at
locations near where the artifficial and natural
substrate samples were taken. The toxicity tests were
conducted August 14 to 21 at the Environmental

Trespeciesal Cerodaphmausedtor th.s study 15 Ot KNOWN with Certainty
The Stock cullures were earnar .dert.fieg as & renCu/dta but n Novemper
1983 pased on taxonomic verdicat.en by Dorotnv Berner PR D Temple
Ur versity PA 3 second spec es C Juo:3 was 3'so dertitied N "Me StaCh
sLifures Tne esact deter™ ral or ¢! "he spec estesie@ s not 2ol Zaltg:ne
resLts ot tr s st.dy Treretcre al referencesto Cerogaprnmig are 1l genus
evel arly

Research Labaratory-Duluth. Table 2-1 presents the
type of sampting done for each stream station.

The study area on Skeleton Creek and Boggy Creek
covered a total of 26.6 river kilometers {RK} River
kilometers were estimated from county topcgraphical
maps using the confluence with the Cimarron River
as zero niver kilometers. The sireams have been
described in reports by Wilhm (1965), Baumgardner
(1966), and Namminga (1975} Both creeks are
shatlow prairie streams with shallow tributaries
having low summer or intermittent flows. Pool areas
predominate with periodic riffies andruns along their
lengths. Twelve sampling stations are located aiong
the study area (Figure 2-1} and are described below
The habitats sampled were pools, rniffles, and runs for
the benthic macroinvertebrates, pools for the fisn
and moving water areas for the plankton The
estimated cover, percent riffle, and percent pool tor
each station 1s presented in Table C-1

The station descriptions are as follows.

Station 1A{RK 2 8)—The uppermost point sampled
on Boggy Creek. which was 4.6-6.0 m wide at low
flow. The riffie was 0.15 m deep and the pool was
0.45 m deep The sides were lined with riparian
vegetation which provided nearly 100 percent
cover. Macroinvertebrates were collected from the
small riffle areas created by flat rocks Seining for
the fish survey was conducted Iin the adjoining
pool.

Statian 1 (RK 1.2)—Upstream from the Refinery
discharge on Boggy Creek The station was used
onty for setting artificial substrates for sampling
macroinvertebrates After the substrates were set,
construction of a beaver d~m 1mpounded water
and formed a turbid pool. O 76 ' deep Riparian
vegetation on the shore provided 100 percent
cover.

Station 2 (RK 107 0})—On Skeleton Creek 2 km
upstream of the confluence of Skeleton Creek and
Boggy Creek Riparian vegetation on the shore
provided 90 percent cover The staticn had 3
sandy-bottom pool 0. 76 m deep and a shailow run
less than 0 18 m deep with a bottom subsirate
composed of sand and gravel

Statron 3{RK 0 2)—On Boggy Creek below botnthe
POTW and Refinery discharges and just pr-of of the



Table 2-1

Sample Collections Conducted for the Quantitative Biclogical Assessment and Am
Creek and Boggy Creek, Erid. Oklahoma, August 1883

bient Toxicity Tests. Skeleton

Sampling Stations

Collecticns 1A 1 2 3 4 ] 5A 6 7 8 3 10

Piankton X X X X X X X X X X
Macroinvertebrates

Natural substrate X X X X X X X X X X

Artificial substrate X X X X X X X X X X
Fisn X X X X x X X X X X
Amprent Toxecity Test

Fathead minnow X X X X X X X X X X

Ceriodaphma dubisa X X X X X X X X X X

confluence with Sketeton Creek. The station was
composed of a 0.6 m deep pool with a sand bottom
and sand overlying rock, and a shallow run less
than 0.15 m deep. Riparian vegetation provided
about 80 percent cover.

Station 4 {RK 104 8)—Downstream of the con-
tluence of the creeks angd upstream of the Fertilizer
Plant discharge. The run (0.3 m deep} substrate
was composed of irregular rock with a covering of
attached filamentous algae and sand. In addition, a
black, floccuient mater:al had aggregated in a few
areas on the bottom. Riparian vegetation provided
no cover.

Station 5 (RK 104 3}—0On Skeleton Creek, 0.3 km
downstream of the Fertilizer Plant The water
contained large amounts of flpating algae and a
biack. floccutent material. The station was com-
posedofa 0.6 mdeeppoolanda0.15 mdeep riffle
area with a rocky bottom. Ripartan vegetation
provided 10 percent cover

Station 54 (RK 103 .6)—At Southgate Road cross-
ing of Skeleton Creek. The station was composed
of a pool. 0.45 m deep, with a sand bottom and a
nffie, 0 25 m deep. with a sand and gravel bottom.
Riparian vegetatton provided no cover.

Station 6 {(RK 101.7}—0On Skeleton Creek, 1 9 km
downstream of Station BA. The station consisted
entirely of run habitat approximately 12 m wide
and up to 0.25 m deep Riparian vegetation
provided no cover The substrate was smooth, flat
rock covered with some sand or individual rocks.

Station 7 {(RK 98.3}—On Sketeton Creek. 3.4 km
downstream of Station 6 The station consisted of
r.ffle and pool! areas each having 3 bottom com-
posed of rocks embedded 1n sand The riffle was
shallow., 0 15 m deep. and the pool was 045 m
deep Riparian vegetation provided no cover

Station 8 (RK 94 8)—0On Sketeton Creek. 35 km
downstream of Station 7 The station consistedofa
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0.3 m deep pool with a sand bottam. The ritfle was
0.25 m deep and had a sand and gravel bottom
Riparian vegetation provided no cover

Station 9 (RK 90.6}—0On Skeleton Creek, 4 2 km
downstream of Station B. The station was com-
posed of 3 pool, 0.60 m deep. and a riffie, 0.30 m
deep. with 3 bottom of rocks embedded in sand and
clay. The creek banks were red clay and the water
was turbid. Riparian vegetation provided about 20
percent cover.

Station 10 (RK 83.2}—The most downstream
station 7.4 km farther downstream than Station 9
The station was entirely a pool of approximatety
0.76 m depth which appeared to be the result of
many wood snags creating adam The banks were
red clay and the water was turbid Riparian
vegetation provided no cover
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Figure 2-1 Map of study site on Skelston Creek, Enid.
Oklahoma.
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3.

The purpose of the hydrology study of Boggy and
Skeleton Creeks was to obtain stream and discharge
flow measurements during the study period, and to
determine the percent flow contribution from the
three dischargers. In addition to these measure-
ments, data was also obtained from a proximate
USGS gauging station (downstream from Station 10)
and from the operational records of the dischargers.
Sampling and analytical methods are presented in
Appendix A,

3.1 Discharge Flow Measurements

Stream flows were measured 3-11 August 1983 at
the stations shown on Table 3-1. The daily average
flows for 8-11 August for the Refinery, the Fertilizer
Plant, and the USGS gauging station {Station
07160500 near Lovell, OH)are also given. In addition,
the average POTW piant tlows for 8-12 August are
presented. The Refinery reparted a uniform flow of
0.023 m® sec. The daily average flow at the POTW
varied between 0.066 m* ‘sec on 12 August to 0.083
m’,sec on @ August. The hourly flows at the POTW
deviated from the average vaiues due to the facility's
day- night loading cycle. The pumps at the Fertitizer

Hydrology Survey

Plant were turned on and off such that the discharge
flow was erither zero or between 0.072-0 075 m* sec
(Tabie 3-2). During the period 8-11 Augustthe pumps
were off for 7-10 hours each day. On 10 August. the
discharge was on for 22 7 hours

Table 3-2. Eftiuent Pumping Racords and Daily Average
Discharge at the Fertitizer Plant, Enid. Oklahoma
Dai vy Average
Discharge O scharge
Date Time tm® sec om
8 Aug 0000 - 1100 0072 0050
1100 - 17585 00
1756 - 2335 0072
2335 - 2400 00
9 Aug Q000 - 0930 Q0 3245
0930 - 2400 0075
10 Aug 0000 - 0955 Q075 369
0955 111§ 02
1115 - 2400 30072
11 Aug 0000 - 0810 00 0049
0810 - 2030 2074

Source Plartoperating recards perscnal communicatipn

Table 3-1 Measured Filows and Discharges on Skeieton Creek and Boggy Creek, Enid. Okiahoma
Flow (m’ sec}

Stations 8 Aug 9 Aug 10 Aug 11 Aug 12 Aug
Boggy Creek
! - .- - oo
Refnery® 0023 0023 0023 0023
8’ - 0043 .- .
POTW® 0074 0083 0081 Q067 2066
3 E - 0126 :
Skeleton Creek
2 0006
4 - - 0145 -
Fertiizer Plant® 0050 0045 0069 0 043
5 .. .- Q171
5 0147 -
7 . 0084
8 . 0103
] - 0166 .
USGS Estimate Flows 0259 g227 0148 01N 2126

]

Average flow from plant records During the night treated wastewater was sent to the Refinery and Fernlizer Plant
2

Aadironal stream measurement taken just dawnstream of the Refinery

NCTE Tne confluence of Boggy Creek and Skeleton Creek is upstream of Sration 4
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There was a large varnation between the flows
measured at Stations 5 through 9 and the flows
recorded at the USGS station on 3 August(Table 3-1}.
The measured flows at Station 6(0.147 m’ sec) and
Station 9 (0 166 m® sec) are much less than the
0227 m® secvalue reported by the USGS. However,
the average USGS flow decreased by 35 percent
between 9 and 10 August such that the hourly flows
on 9 August must have been decreasing continually
Since the Station 6 and 9 flows were measuredinthe
late afternoon, they would be expected to correspond
to alower USGS flow than the reported daily average
value On 10 August, the Station 5 flow would be
expected to be in better agreement with the USGS
flow since the discharge from the Fertihizer Plant
stopped for only 1.3 hours. In contrast. on 11 August.
the Plant's pump had been on for 2.5 and 3 2 hours
before the flows were measured at Stations 7 and 8
which are tocated 6.3 and 3.8 km, respectively,
downstream from the Fertilizer Ptant It s possible

that the flow increase had not had sufficient time .
propagate downstream by the time of the measure
ment. so that the reported value would be less tma-
the daily USGS values.

3.2 Flow Contribution

Using the measured flow period of 9-11 August. :t
mean flows were 0023 m® sec for the refiner,
0.077 m® sec for the POTW. and 0.054 m’ sec fc
the Fertihzer Ptant (Table 3-1) The measured ug
stream flows and the mean discharge flows sum to
combined flow at Station 5010 191 m? sec Theflow
0f0.191 m> sec exceeds the mean flow at the USG-
gauging station for 9-11 Augustof 0 169 m® sec:
13 percent Assuming that water i1s not being 'o-
fromthe stream bed. this discrepancy could notresc
from any combinaton of over-estimating the ur
stream flow or the reported discharges or unde:
estimating the USGS flow The higher flow ot O 9

m> sec was used downstream

Table 3-3 Mean Flow and Parcent Flow Contributicn from Three Discharges for Boggy Creek and Shsleton Creek, En:
Okiahoma, August 1983
Percert Frow Cortributicn
Total Flow For pw
Station im? sec Upstream Refingry POTW Piane
2 00086 1000
1 0031 1000
8° 2054 574 426
3 0131 238 176 58 8
4 0137 270 16 8 56 2
5 o191 194 120 40 3 233
6 19 134 120 40 3 2813
7 219 194 23 403 233
8 0N 194 20 403 283
] 019N 154 1290 403 233

“Add: ora:sired™ measurement taken just downstream of t~e refinery 1013 ~w vaie ssstaton ! prus the Hefinery meantiow s

Source Tabes 3 1 and 3-2

rs



4.

Toxicity tests were performed on two effiuents and
water collected from nine stream stations to measure
subchronic effects on growth of larval fathead
minnows (Pimephales promelas} and chranic effects
on reprogduction of Ceriodaphnia. Descriptions of the
toxicity test methods are presented in Appendix B. A
wide span of effluent concentrations were used sa
acute mortality could be measured as well if it existed.
The objective of the effluent tests was to measure the
minimum concentration of each effluent that would
cause acute mortality and chronic effects on the
growth of the fathead minnows or reproduction of the
Ceriodaphnia. The ambient toxicity tests were con-
ducted to measure !f toxicity exists either before or
after an effluent was discharged to estimate the
persistence of toxicity. The effect tevels can then be
compared to the extant effluent concentrations In
Skeleton Creek to pred:ct where the impact on stream
population occurs, if any. The validity of these
predictions is determined by examining the biologic
conditton of the stream at the locations where the
efftuent concentrations occurred as determined by
the hydrologicail survey.

The effluent and ambient samples were coilected,
cooled, and transported to Duluth for toxicity testing.
All tests were run with one composite sample of each
effluent or stream station.

4.1 Chemical and Physical Test
Conditions

The laboratory temperature was maintained at 25
1°C over the test period. Routine water chemistry
measurements for the effluent and ambient tests are
given 'n Table 4-1. Dissolved oxygen (DO) and pH
were monitored dally, and the nitial pH, DO, con-
ductivity, hardness, and temperature measurements
were for both the fathead minnaws and Cerrodaphnia
tests. The pH values were allwithin 7.3t0 8.6, except
for the 100 percent Refinery effluent which was 5.7
t0 6.7 The initial DO values were all 7. 6to B 4 mg/L
except for the 100 percent Fertilizer Plant effluent
which was 6.0 mg/L. Tabie 4-1 also gives the mean
finat DO values for the fathead minnow tests. The
Refinery effluent dilution test and the ambient station
tests had final DO vatues ranging from 51 to 6.7
mg/l. However, at the 30 and 100 percent Fertrlzrer
Plant concentrations the mean final DO's were 3.1

4.1

Laboratory Toxicity Tests

and 0.5 mg/t. The dilution water and gther concen-
trations of the Ferulizer Plant had DO values ranging
from6.2t04.7 mg/i Other site studies with waters of
high BOD levels and DO levels of tess than 1 mg
have also been encountered. inone study (Mount and
Norberg-King, in press) the average weights of the
fathead munnows were higher than the previous
studies. An assessment of this situation has iedto the
conclusion that dissolved oxygen measurements
taken by the dissolved oxygen probe do not accurately
reflect the micro-environmental conditions where
the fathead minnows are living The fathead minnows
were observed moving towards the surface of the
water where (n all probability the oxygen concentra-
tions are much higher than that measured by the
dissolved oxygen probe. Apparently the behavior of
the fish causing them to stay near the surface when
the dissolved oxygen ievels are low makes the test
nearly independent of low DO effects The highest
canductivities were observed in the whole effluents
Hardness ranged form 297 to 725 mg. L CaCC, In
Table 4-2 the final DO and pH values for the
Ceriodaphra tests are shown Allvalues were within
acceptable ranges

4.2 Effluent Toxicity Test Results

Tables 4-3 and 4-4 contain the weight and survival
data for the fathead minnow effluent tests Survivalin
the Refinery effluent was significantly lower (P
0 05) at 30 percent while weights were significantly
lower at 10 percent Therefore. the Acceptlable
Efftuent Concentration {AEC) estimate was 5 5 per-
cent {which is the geometric mean of the No
Observable Effect Concentration (NOEC) and Lowest
Observable Effect Concentration {LOEC) for tnhe
Refinery effluent. Survival n ttw Fertilizer Plant
effluent was sigmficantly lower vy at the 100
percent, while the weight data was significant at the
10 percent effluentconcentration The AEC was than
5.5 percent for the Fertihizer Plam

Table 4-5 contains the Ceriodaphnia effluent test
data as well as a3 quality control using ilaboratory
water. The mean number of young per female was
significantly lower than the dilution water young
production at 30 percent for the Refinery effluent
Thisgives an AEC of 17 3 percent TheFertilizer Plan!
had a significantly lower young production compared
to the dilution water at the 30 percent effiuent



Table 4-1.

Routine Chemistry Data for Effluent and Ambient Tests

Dissolved Oxygen

Percent Effluent Mean Mean
v vicr Ambient imtiat IMET Final* Temperature Hardness Conduct.vity
Sample pH Range {Range) {Range) 1°Cy img L) rumhbaos cmi
Relinery
Dilution Water 7980 84 60 25 297 1220
114y 18.2-8 3} 146-68)
1 7980 84 64 25 1280
8.3-87) 47-71)
3 7880 84 6.1 25 1340
18387 150-7 11
10 77-80 84 64 25 1580
183-87) 54-70)
kle} 73-80 83 64 25 2320
(78-8 7 {53-74)
100 5767 76 87 25 4 680
167-84}) 64-70)
Fertiizer Plant
Dilution Water 79-80 82 62 25 297 ' 280
1Al 17 7-8 6} 153-72)
1 79-80 82 60 25 1320
{7 4-86) 15 6-6 5)
3 79-81 82 55 25 1410
(76-87} i46-6 0l
10 7880 83 47 25 1 800
(76-8 9! 137-56)
30 7980 82 31 25 2700
179-87! 26-42)
100 81-82 60 05 25 5 900
(-} ()
Ambient Station
2 77-82 79 70 25 477 1620
173-84) 159-8 2;
3 78-81 79 60 25 376 1980
16 8-8 5) 150-80)
4 79-82 76 60 25 380 2040
16 2-8 4} (45-7 6)
5 79-81 77 s 25 725 34a8c
{6 C-85) (31-68)
5A 81.88 82 60 25 466 2 050
(70-88) (43-7 8
6 81.85 82 61 25 663 2 880
176-86) 144.7 6)
7 79-82 80 54 25 730 3800
6 2-86) 133-69)
8 8283 85 62 25 700 3390
82-88) '43-76)
3 85-86 85 66 25 70 3200
80-88) 165-81)

‘F'nal dissolved oxygen values are for fathead mirnows tests only Table 4-2 contains Ceriodaphnia final cremistry values

concentration, which gives an AEC of 17 3 percent
The guality control samgple young production was in
the normal range {(Mount and Norberg, 1984)

4.3 Ambient Toxicity Test Results

Tables 4-6 and 4-7 contain the survival and weight
data for the fathead minnow ambient tests Station 5

4-2

had significantly lower survival (P < 0 05). while the
weights of Stations 3. 4. 5 5A, 6. and B were
significantly lower when comparedto Station 9 Tabie
4-8 presents the results of the survival and mean
young production of the Cerrodaphnia Staticns 2 &
7. and 8 had significantly lower mean ~umper o
young per female using the highest value of vi.ng

[}



Table 4-2. Finat Dissolved Oxygen and Final pH tor
Cericdaphnia Effluent and Ambient Toxicity

Tests

Percent Effluent

or Ambient Mean DO
Sample pH img u) DO Range
Relinery
Didution Water (1 4) 81 78 7382
1 82 78 7482
3 84 79 7484
10 84 78 74-83
30 83 78 7583
100 71 79 76-82
Fertiizer Plant
Oilution Water (1A) 74 79 77-83
1 83-84 75 72-78
3 84 78 7281
10 83-84 72 6§9-74
30 8283 68 63-71
100 78 48 4262
Ambient Statron
2 85 79 72-82
3 84 79 72-84
4 84 79 72-84
5 85 79 7383
54 g4 78 73-83
B 84 78 7383
7 83 79 74-84
8 84 80 7783
9 84 8¢ 77-83

production (Station 9) for the comparison Survival
was significantly lower oniy at Station 3

4.4 Discussion

For the effiuent dilution tests the fathead minnows
were affected at concentrations lower than the
Ceriodaphmia. The upstream water (1A} used as the
dilution water resulted in good growth of the fathead
minnows and high young production of the Cerio-
daphnia. Station 9, which 1s the most downstream
station. produced the best growth for the fathead
minnows and the highest voung production for the
Ceriodaphnia. It appears that all effects of toxicity
were removed at the downstream location

Table 4-3. Seven-Day Survival of Larval Fathead Minnows in Two Effluents
Percent Effluent({v v!
O.iytion
Effluent Replicate 100 30 10 3 1 Water 11 4)
Refinery A 0 30 80 30 80 100
B o] 30 90 30 100 90
c 0 50 90 30 30 90
o] 0 60 100 100 100 30
Mean 0* 43° 30 93 93 a3
Fertihizer Plant A 0 80 a0 80 30 30
| 0 80 90 90 100 100
C 0 80 30 100 100 80
0 Q 70 80 30 100 90
Mean o* 78 85 90 3 0

*Significantly lower from the dilution water (P < 0.05)

4.3



Table 4-4. Mean individual Dry Weight i(mg) After Seven Days for Larval Fathead Minnows Exposed to Two Etfluents

Paercent EHlaentiy v

Ciutor
Effluent Repiicate “00 30 10 3 1 Water 14
Rehinery A o 019 038 056 357 35
B c 024 040 061 058 C 64
C C 032 041 052 08! 252
D 0 030 047 Q56 263 DR
Weighted Mean® 0* 0276* 0418 05862 0599 2608
SE - 0038 0026 c 026 2328 >3'8
Feruhizer Plam A 0 033 046 057 054 058
B 0 Cc24 2051 ¢57 058 257
c 0 0 3t 046 066 06% 265
D C a3 056 059 058 Q7%
Weighted Mean® Q* Q297* 2497 0600 0 589 2508
SE - 0030 0029 2028 0027 [oReRE-]
*Sigrmiticantly lower trom the diution water (P _‘06_5) B i T 7
"Exglanat on of weighted mean calculation 1s 11 Appendix B
Table 4.5 Percent Survival and Young Production of Table 4-6. Seven-Day Percent Survival of Larval Fathead
Ceriodaphnra in Two Effluents Minnows in the Ambient Toucity Test
Mean o ) Sza_!_uor" Ny mher
Mean Numoer of Repiicate 2 03 4 5 sa 3 3 A
Percent Young per Confidence R P
Sample Survival Femaie Intervats A ‘00 100 BO 10 930 S8Q 20 7 3
Po— EEE—— e B 90 100 30 60 930 2C BY 90 W
ehnery z 100 90 80 50 :00 9% 82 W 37
DLt ocrWaterit Ay 100 335 275395 D ‘00 30 80 60 140 82 a0 3¢ -
! 100 348 292404
3 100 315 268362 4 - - -
4 k 5
13 ' 00 374 332.41 7 Mean 98 93 B3 45" 35 BB 3> 35 =%
30 Q0 23%° 185 2B5 . o T
100 0’ a% ) Significantly tower from Station 9P - 0 0%
Fertiizar Plant
Diivtion Water( 1A, 00 253 189317
! 90 251 193-310
3 100 250 193.307
12 30 315 246 385
s 70 104" 78 51
v 0! Q*
Lake Sucerior Water® 30 ‘81 41 222

‘Sigmitcantiy aidferent trom the diution water tor eacn test P
205
"Quanty ool water sample
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Tabie 4.7 Mean individual Dry Weight {mg] After Seven Days for Larval Fathead Minnows in the Ambient Toxicity Test

Staric Numper

Reohicate 2 3 4 5 5A 5
A D56 049 C a6 258 983 3963
B 369 043 59 S 0 50 166
¢ 263 058 052 028 769 259
D 061 048 056 D42 075 363
Weighted Mean® 0 646 049a° 0525 C 429" 670" 062
SD 0033 0034 0036 9040 0033 0035

*Significantly rower from Station 9 (P = 0 05}
°Expianation of weighted mear calculatton s 1n Appendix 8

Tabie 4-8. Percent Survival and Mean Young Production of
Ceriodaphnia in the Ambient Toxicity Test

Mean
Number of
Ambient Percent Young per Contidence
Station Survival Fernale Intervals
2 100 11 7° 39135
3 30°* 140 106173
4 90 1€ 4 115213
5 7C g1* 58103
5A 80 228 187268
3] 100 190 160220
7 80 128* 103155
8 60 99 58-141
3 80 24 3 179304

*Significantlv arfferent from Stanon 9 (P -, 0 05
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5. Planktcn Community Survey

This survey investigated the plankton communiy by
measuring the occurrence and density of organisms
in Skeieton Creek and Boggy Creek. The primary
emphasis was to collect zooplankton. but algae were
also collected and enumerated. The number of
species and individuals are used to determ:ne altera-
tions (n compositton and- or density The sampling
and analytical methods are presented in Appendix C.
Samples were not collected at Stations 1 and 10.

5.1 Community Structure

Algae were the dominant planktonic organisms at
every station on Skeleton Creek and Boggy Creek
{Table 5-1). The number of algae were lowest at
Stations 1A and 2. but the numbers increased at
Stations3and4 by 8 and 7.5 times, respectively The
highest atgal densities were found at Stations 5. 6,
and 8 where there were over 8,000 organisms. Iiter

Soltary diatoms composed the great majority of tne
algal population

The numbers of crustaceans and roufers collectea
were low. Often the only crustaceans found were
naupln The highest density of crustaceans was 2 44
organisms, liter at Station 7 At Station 5. nocrusta-
ceans were collected The highest density of rotifers
was also at Section 7 (30 65 orgamisms Iiter) Non-
loricate forms composed the majority of the rotifers
and the remainder were from the Family Branchi-
onidae

5.2 Evaluation of the Plankton
Community

Rotifers were the most abundant zoopiankton group
in Skeleton Creek and Boggy Creek In general.
densities of rotifers were low at the upstream
stations, but consistently increased downstream to a

Tabte 5-1 Mean Density (number - liter) of Planktonic Orgamsms Collected in Skeleton Creek and Boggy Creek, Enid. Oklahoma.
August 1983
Sampling Stauon
Taxa 14 2 3 4 5 5A 6 7 8 9

Crustaceans

Cladocera 056 007 -

Copepoda .- - 006 06 .- - 026 004

Naupln 015 024 145 o 008 034 218 055

Total crustaceans 015 024 207 044 005 034 244 055 224
Rorifers

Brarchionus spp 004 .- 074 026 098 133 326 722 055 277

Small Branchignidae 014 048 188 o 121 212 200 587 1454 088

Non-lcricate forms .- - 251 421 56t 712 933 17 R ' 65 282

Total rotifers o018 048 513 518 781 1057 14 59 30 65 174 242
Algae

Padiastrum 005 012 063 068 12 114 716 728 6 5C 728

Desmids 072 167 048 063 062 002 omn 049 D96

Sohtary diatoms 1121 1490 908 2 11165 94359 23825 22383 55736 127275 338956

Total aigae 11287 15079 90937 111781 943773 238366 224557 558137 127340 331784
Qthers

Crironomidae 019 024 048 032 022 * 36 085 261 233 Qo4

Trichoptera - - - - - - - : 224

Heleidae 004 . . . . . .

Nematoda 005 012 012 : 022 097 028 0139 02

Total others 028 036 060 032 D44 143 vl 100 05 D1
Total Zooplankton Taxa 3 2 5 5 3 4 4 q 4 4

Note -

indrcates organisms were not found
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Figure 5-1 Densitias of crustaceans. rotifers, and algae at Skeleton Creek and Boggy Creek. Entd. Okiahoma. August 1983

maximum at Station 7 and densities decreased
below Station 7 (Figure 5-1! Results of a one-way
analysis of variance (ANOVA) indicated that the
differerce in densities between stations was highly
significant(P =0 0001) Tukey stesttSgkal andRohlf
1881 results ndicated that Statron 6 and 7 were
sigmficantuy different (P - 0 05) trom all other
stations

Despite the low densities of crustaceans. there were
sigmficant differences (P = 0 0001 between stations
‘rom resutts of a one-way ANOVA Tukey s test
resuits indrcated that Stations 3 and 7 were signif-
-‘cantly different :P ~_ 0 05) trom the other stations
Crustacean densities were highest at Station 3 and 7
while 1ess than 0.6 organisms L at other stations
iFigure 5 1.
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6. Macroinvertebrate Community Survey

The survey investigated the macroinvertebrate com-
munity of Boggy Creek and Skeieton Creek Samples
were collected from natural and artificial substrates.
The macroinvertebrate community 1S considered to
be a good indicator of changes in water quality due to
their Lmited mobility. The degree of community
stabiitty can be ascertained by measuring species
composition and dominance. An alteration in com-
munity structure, species composition, or biomass
beyond normal vanations would be regarded as an
adverse effect. In addition, the increased abundance
of nuisance Insect larvae or other benthic species
would be regarded as an adverse effect.

Although both natural and artitical substrates were
usedtoquantify the macroinvertebrate communities,
not all stations were sampled by both methods (Table
2-1 and Appendix C). A description of the sampling
and analytical methods s presented 1n Appendix C.
Additional data are 1ncluded n Appendix D.

6.1 Community Composition

The macroinvertebrate communities of Boggy Creek
and Skeleton Creek were composed of 55 taxa. The
number of taxa at each station varied from 13 to 28
Major taxa were identified as those which contributed
a mnimum of 5 percent of the totali number of
organisms from at least one station. The changes in
abundance and percent composition of these major
taxa are presented for the two substrate types.

6.1.1 Natural Substrates

Two taxa were more abundant than the other major
taxa a chironomid—Dicrotendipes sp and a cole-
opteran—8&erosus sp. Dicrotendipes composecd over
30 percent of the benthic density at Stations 2, 3. and
5. and Berosus constituted over 30 percent of the
benthos at Stations 5A, 6, and 7 (Table 6-1) There are
another fifteen taxa which contributed =5 percent of
the poputations tor at least one station. These taxa
were 1n six taxonomic groups Diptera (Chirono-
midae), Ephemeroptera, Odonata. Trichoptera. Gas-
tropoda, and Qhgochaeta

The macroinvertebrate population in Skeleton Creek
and Boggy Creek 1s primrily composed of insects

61

Fifteen of the seventeen major taxa are insec!s The
Chironomidae family imidges) nad the most taxa :9i
Two taxa each were from the Ephemeroptera imay-
flies) and Trichoptera (caddisflies) tamiies One
major taxon each were identified from the Coleoptera
(beetles). Odonata (dragonflies. damselflies) and
Physidae (pouch snails) families. and Oligocnaeta

6.1.2 Artifical Substrates

The same two taxa were found to be most abundant
using the artifical substrates as with the natural
substrates. a chironomid—0icrotendipes sp and a
coleopteran—Berosus sp (Table 6-2) Dicrotendipes
sp. composed greater than 30 percent of the macro-
invertebrates population at five stations [n contrast.
Berosus sp. composed approximately 50 percert at
Station 6, 27 percent at Station 7. and less than 6
percent at the other stations There are another
fourteen major taxa which contributed 25 percen: of
the populations for at least one station These 13xa
were insix taxonomic groups Diptera(Chironomicae)
Ephemeroptera. Odonata. Trichaoptera. Amphipoda.
and Gastropoda.

The macrotnvertebrate population, collected us.ng
artificial substrates, in Skeleton and Boggy Creek s
primarily composed of insects Fourteenofthe sixteen
major taxa are insec's The Chironomidae family
(midges) had the greatest number of major taxa
{eight). Simitar to the results for natural substrates
two taxa each were from the Ephemeroptera imay-
flies) and Trichoptera (caddisflies) families and one
each trom the Coleoptera ibeetles) Odonasta 'drag
onfhies, damselfites), Physidae rouch snaiisi ang
Tahtridae {scuds) famtiies.

6.1.3 Comparison Between Substrate Types
The taxa collected trom the natural and
substrates for dominant taxa were very sirmilas
most abunoant ma,or 1axa were the same for
substrates A difference between (Mg tWG SuLESin !
occurred in the non-insect taxa Prysidae any O
chr3etawerethe non-1Nsect Major 1axa coiecina .
the natural substrates wh-le Pnys gae ana Tar 11w
were the non-insect Majofr 1axa cohecteq e v
artificar substrates

art g

-
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Tabtle 6.1

and Boggy Creek. Enid, Oklahoma. August 1383

Taxa A 2 3
D ptera
D.crotena ges 5o 250 100 349 183
Poivpedlum sp 129 38 13 05
Abigoesmyid Sp 15 [BAC] 28 26
Chironomus sp "0 365 170
Tanypus so N3 09 24 200
Tanytarsus sp 64 KRe] 78 128
Pseudochironomus sp J5 137 :
Cricotogus sp 0 58 05
Chironom.dae pupae 23 - 45 ;
Total Ch roncmidae 54 5 726 395 731
Ephemeroptera
Caers sp 1738 (D] 1
Baetrs sp 03
Coleoptera
Berosus sp 64 39 08 152
Odorata
Argia sp 64
Trichoptera
Creumatopsyche sp
Hydropsyche sp
Gastropoda
Physidae 21 67 Q3
QOl-gocnaeta runigenutied 33 125 78

Mean Percent Composition of Major Macroinvertebrate Taxa Collected from Natural Substrates in Skeletor Creek

Samplrg Stat on

3 5A £ 7 ) a
365 161 t45 128 51 23
29 D4 27 a2 32 BCR-
58 29 37 17 8z T
16 4 92 22 35
05 13 : 02 *
12 12 05 19 163 3
: . c2 D2 5
101 4 12 59 82 N
189 79 68 a 3 E
929 436 387 455 g7 232
o7 1 05 18
15 25 )
29 30 400 423 53 2
21 13
o Q2 13 4 a3’
- 23 -
23 03 22 58 09 31
o8 211 79 71 92 i

Source Tavble D-1
Note nadicates no: coilected

6.2 Station Comparisons

6.2.1 Natural Substrates

The greatest number of organisms collected from
natural substrates was at Station 5 and Chironomidae
taxa comprised 90 percent of these {Tables D-1 and
B-11 Collections were greater than 2 100 organ-
;sme m? except at Stations 1A, 2. and 3 where
collections were less than 1.500 organisms m?

There are noticeable differences in the abundance of
many of the major taxa between stations. There were
also ditferences in the abundance patterns between
taxa The mean density of Dicrotendipes su. varied by
over two orders of ma?mtude, from a maximum at
Station 5 of 1,568/m* to only 7 m? at Station 9
{Figure 6-11 Mean densities of Dicrotendipes sp. at
the other stations were 120-620/m? Results of a
two-way ANOVA indicated that these differences in
numbers between stations were highly significant (P
= Q0 001). and results of Tukey's test indicated that
Station 9 was significantly different (P <0 05) than all
the other stations. except Stativ., G. 111 113N density
of Berosus sp varied by two orders of magnitude from
alowof 11 m?atStation 3 to a maximum at Station
5A of 1,153 m? (Tabte D-1. Figure 6-2) Highly
significant differences (P = 0 0001) were found in

numbers of Berosus sp setwew OnS o g
ANOVA and Tukey stestresults indicated Ut St
3 wasdifferentiP 0 05)than Stations 6 anda 7 ' +r.-
Berosus composed at least 40 percent ut e o
munity

Examination of the abundance trends for the two
most abundant macroinvertebrate taxa cotlected from
natural substrates indicated that densities of Dicro-
tendipes sp peaked distinctly at Station 5. whie
densities of Berosus sp peaked immediately down-
stream at Station 5A {Figures 6-1 and 6-2) Other
major taxa also had maximum densities at Stations 5
or SA Chironomussp . Cricetnpussp . Chironomigae
pupae, and unidentified oligo< 1aetes. The contribu-
tion of the Chironomidae to the composition at each
station was overwhelming at Stations 3and 5. where
that family composed 90 percent of the taxa In
contrast. Polypediium sp. was found n greatest
abundance at Stations 8 and 9 where other chirono
mids were least abundant. Cheumatopsyche sp was
also most suunaant at Station 9.

There were nonsignificant differences bet e o
1ons of the numper of cmrono™ @ Taxa = -, -r
the total number of taxa ANOVA resu.s
thatthere were very s.gnficantdifferercns P

6-2



Table 6-2

and Boggy Creek, Enid, Oklahoma. August 1983

r~

Taxa 1 3

Diptera

Dicrotendipes sp 580 637 453 5

Polypedrium sp 06 o7 07

Aplabesmy.a Sp 141 €7 330

Chironomus sp 55 a4 36

Psectrociadius sp - 53

Tanypus sp 07 15 o1

Tanytarsus sp 46 24 ol

Chironomidae pupae 44 95 44

Total Chironomigae 895 86 7 94 2 7
Ephemeroptera

Caerss sp 70 19 02

Baelrs sp c4 13 03
Coleoptera

Berosus sp 20 322
Odonata

Argia sp 21 63 30
Trichoptera

Cheumatopsyche sp

Hydropsyche sp
Amphipoda

Tanhtridae 09 a7
Gastrcpoda

Physidae 61 02 1

Source Table 0-2

Note ndicates not zottecied

- %
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z,aoo-{ (/ \ B——8 Natural Substrates
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Figure 6-1 Mean densities of Dicrotendrpes sp collected

from Skeleton Creek and Boggy Creek. Enid.
Oklahama. August 1983
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Mean Percent Composition of Major Macroinvertebrate Taxa Collected from Artificial Substrates in Skeleton Creek

Samphirg Station

@

5 6 ? 9. o)
313 72 261 26 29 13
23 D2 o 402 374 153
151 86 a1 <9 13 192
148 54 103 Q- 01
05 14 293 o8 -3 A
105 14 25 0
a1 Qo5 04 21 8 48 >
[ 25 09 35 31 t37
235 288 48 3 741 55 6 P
03 04 0 J4
5 85 160 '3 27
31 523 270 43
Q5 54 45 08 28 175
136 31
02 37 3 34
07 12 25 DR
33 09 02 02
—e Artuficial Subsirates
B—8Natural Scbstrates
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between stations and Tukey s test did indicate that
Stations 1A and 5 were significantly different (P

0 05)from Station 3 The lowest number of taxa were
found at Statons 2. 3. and 8 witn 13-14 taxa Table
D-1) Thegreatestnumber of taxa occurred at Stations
1A 5 and 6 with 24-25 taxa

6.2.2 Artifical Substrates

The greatest number of organisms cotlected by the
artificial substrates was at Staton 8 and of these 75
percent were from the Chiror -idae family (Tables
D-2 and 6-2) The mean r . ~ber of organisms
collected at Station8(14.951)1s almosttwo and one-
nalf times greater than at next highest values at
Stations 3 and 7

Similar to the data collected from natural substrates,
there are differences in abundance between stations
and in patterns of abundance for the major taxa For
one of the two most abundant major taxa. 0D
crotendipes sp . peak mean densities were observed
atStations 3 and 7 with varitations of up to two orders
of magnitude (Figure 6-1) These station differences
were mighly significant (P = 0 0006} as shown by
ANOVA results on the number of Dicrotendipes sp
and the Tukey s test results indicated that Station 3
was significantly different (P -. 0 05) than Stations 8.
9. and 10. Mean densities of Berosus sp varied by
approximately two orders of magnitude with a
maximum density at Station 7 of 1,755 organisms m?
(Figure 6-2) Results of an ANOVA indicated that.
simtlar to the case with natural substrates., the
differences 1n Berori:s sp abundance between
stations was righly sitnificant (P = 0 0001). In

addition, Stations 6. 7 and 8 were different (P -
0 05). due tuv tne  4h abundance from all other
stations Peak m- indensiues alsooccurred at Station
7 for Baetss sp (Ephemeroptera) and Argi/ia sp
{Odonatal, and at Station 8 for Polypedilum sp and
Tanytarsus sp (Chironomidae)

Examination of the total number of macroinvertebrate
taxa by ANOVA indicated that there were highly
sigmficant differences (P = 0.0001) between stations.
Tukey's test results indicated that Station 8 was
significantly different (P < 0.05) from Station 10 The
number of chironomid taxa varied between stations,
and these differences were significant (P = 0.045)
according to ANOVA results, and Tukey's test results
did not show significant differences. This finding 1s
consistent with the results from the natural sub-
strates—that there were no differences in the number
of chironomid taxa between stations.

6 2.3 Gear Comparison
While the same major taxa were collected by collect-
ing gears, the numbers and locations of taxa were not
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the same In addition. the total number of organisms
ccilected was generally higher using the artficial
substrates (Table 6-3) However these differences
are expected due to the nature of the two substrates
The arufic:al substrates are compased of smooth
homogenous surfaces which were suspended in the
water column for 20 days and arereiatively immobile
during that period The natural substrate of Skeleton
Creek 1s principally bedrock with overlying shifting
sand The shifting sand offers scme degree of
instability to benthic fauna

The Chironomidae family was the most abundant of
any of the macroinvertebrate groups collected using
either the natural or the artificial substrates The
number of chironomid taxa was similar for all stations
for both substrates. The Chironomidae (midges)
composed the fargest proportion of their community,
up to 90 percent at Station 5. with few exceptions
From the natural substrates, atrichopteran (caddisfly)
composed over 40 percent of the commumty at
Station 9 and from the artificial substrates. a cole-
opteran (beetle) composed over 50 percent of the
community at Station 6.

There were two taxa which were noticeably more
abundant in Skeleton and Boggy Creek using either
substrate The most abundant of the major taxa
Dicrotendipes sp {a chironomid) showed highly
significant differences in numbers between stations
for both substrates The second mostabundant taxon
Berosus sp (a coleopteran) also showed highly
significant differences in numbers between stations
for both substrates

The number of chironomid taxa did not change
significantly between stations However. the abun.
dance and composition for the other major taxa varied
between the two types of substrates and the total
number of taxa did vary significantty between sta-
tions For the natural substrates. the number of taxa
collected at Station 3 was significantly lower than the
number collected at Stations 1A and5 The number of
taxa collected by artificial substrates at Station 8 was
significantly greater than Station 10

6.3 Evaluation of the M a~ivinvertebrate
Community

The macroinvertebrate community of Skeieton Creek
and Boggy Creek was dominated by insects The most
abundant taxonomic group was the Chironomidae
family (midges). Other major taxa were from the
Coleoptera (beeties). Ephemeroptrae (mayfiies), Tri-
choptera (caddisfhes), and QOdonata (dragonfiies,
damselflies) families.

The community composition changed between sta-
nons Statistically signficant differences between
stations were found using the total number of 1axa
collected. although the stations which were aitferent



Table 6-3.

Natural
Substrate
Arvhicial
Substrate
Combined
Substrate
Total®

I,
7Total number of unique taxa n either natural or artificial substrate sample. numbers were Iallled—usmg Tables D-1 éndB 72

Total Taxa Collected by Artificial and Natural Substrates and the Combined Macroinvertebrate Taxa atEach Sa t
mpling

Station
Samphing Statior

L , } 2meing . R
L 54 6 7 8 3 10
25 14 13 16 23 16 24 Y 13 19 o

13 21 20 21 20 23 25 28 '8 13
25 22 25 29 32 28 30 25

NOTE -- Means no sample was availlable. see Chapter 2 for clarification

varied with substrate type In addition, changes nthe
number of taxa for the most abundant group. the
chironomids, were nonsignificant between statrons

6-5



7. Fish Community Survey

Tris study investigated the fish commun.ty :n Skel

eton Creek and Boggy Creek Species abundance and
composition were used as Mmeasures of community
stabiity A descript'on ot the sampiing and analytical
methods 15 1n Appendix C A hist of fish species and
famiiies are given in Tabie D-7

7.1 Community Structure

The fisncommunity at Sketeton ana Boggy Creek was
composed of 11 taxa 1Tabte 7 1! Trese taxa repre
sented five famihes of fisr Tnree species were
present at all but one station rad shiner (Notrop:s
jutrensis). sand shiner (Notropis strarmineuysy dand
mosguitotish (Gambusra atfinis) althougn tne latter
was not abundant The must abungant taxa were the
red andsandshiners andtheearly juvende cyprinids
(minnows) Most of the taxa collected in Skeleton
Creek and Boggy Creek were from the Cyprinidae
(minnows) o Centrarchidae 'sunfish families

The number of ish taxa collectedvaried between 3-7
per station except at Station 5 wnere none were
caught The largest number ot fish taxa were col-
Jected at Stations 2 3 ana3anrdireeast at Station 7
and 8 The greatest numbpers of fish were caught at
Stations 3 and 6 The proportior of run habitat at
Station 3 was 50 percent and approximately 100

percent at Station 6 A1 Stanon 3 red sharers
composed over 35 percent uf the cateny Table 7 1. 1
conirast. at Station 6 red s™iNers compoused . ver 75
percent and sand shiners composed over 20 perce !
of the catch Total numper ot other bs» spedc es
caughtwerequite low under 20 hish per stat un wit
the excention of the mosgu-tofisn

7.2 Evaluation of the Fish Community
Another fish survey of Boggy and Skeieton Creex i
been conducted in 1982 1JRB Associates 1983 in
that survey fourstrea:m collechioN stanons wefe dse:d
inlocations similar 1o Statiuns 1 3 5 ang 9 used in
this study The number of fsh 1axa vdr ed hetween 2
and 6 in that earlier study (URB Associdies 19831 Cf
tne six species they collected the Most d0ANTANT A
the red shiner Lower catch=s and numbers of fiaxy ol
tne two ntermediate sites were regarded Dy SRR
Assocrates {1983} as indicative of degradatiun

Results of this 1983 Skeletor Creek susvey revesie!
higher catches of ishand more numbers ot “axag e
previously (JRB Associates '983) Resulis ot X tes:
on he number of taxa nacated N6 Sign ta ger
difference between srat:ons using et er Siaroe 1A
(upstream) or Staton 2 iMmaximumi as e woaf)en teel
value

Table 7-1 Number of Fish Coliected by Seine from Skeleton and Boggy Creeks. Emd. Oklahoma, August 1983
’
Sampiing Station
Taxa tA 2 3 a 5 54 [} 7 - 9
Notropis Iutrensis 79 18 500 47 15 83% I8 Y 294
Notropsts stramineus 24 7 2 874 22 232 33 349 25,
Notropis umbratihs 20 1
Pimephaies promeias 3 1 1 1 12 vy
Phenacobis mirabils 3
Notemigonus crysoleucas ’ 5
Lepomus megalot:s 3 5 2
Lepormis humiius 4
Lepomis cyaneitus '
lctalurus meias 5
Tambygia A6~ - 24 1 & 3 11 a1l 27 N
Early juvemite Notroprs 398 71 800 30 1 in
Eariv juveniie Carpoides 1 2
Total number of fish 507 136 1329 359 2 a2 ' 09! 218 352 o
Total number of taxa’ 3 7 5 5 S 4 < 3 3

X* test results .rdicate rusun o art g tera ey Delaeen $107 90§ g edter ST e TA e S1at o0 2 4s e e e Ly e

7-1



The number of species s sumilar bhetween stal.uns
whitch nagicates that the community structure -§
unchanged between stations However there were
fluctuations 1n the numper of fish coltected Most
rnotable was the paucity of the fish collected 41 Stat:on
5A where very few of the abundant red snhiner sandd
shiner and young ;uverile cyprinids were caught

7-2



8. Comparison Between Laboratory Toxicity Tests and Instream Biological Response

8.0 Background

The comparison between toxicity measured 1n the
laboratory on a few species and the impact occurring
IN the stream on whole communities must compen-
sate for a very mited database from which to predict
The sensitivity of the test species relative to that of
species in the community 1s almost never known and
certainly not in these tox:city tests Therefore. when
toxicity 15 found. there 1s no method to predict
whether many species .n the community, or just a
few. will be adversely affected at similar concentra-
tions., since the sensitivity of the species in the
community iS not known For example, at a given
waste concentration. if the test species has a toxic
response and if the test species is very sensitive, then
orly those specites in the communitty of equal or
greater sensitivity would be adversely affected
Conversely, ifthe test species is tolerant of the waste.
then mar. maore species inthe community would be
affected at the concentration which begins to cause
toxic effects to the test species It 1s possible that no
species inthe community 1S 8s sensitive as the most
sensitive test species. but since there are so Many
specres composing the community. th's s unhkely It
ts more likely that a number of species 1n the
community will be more sensitive than the test
spectes The highest probability 1s that the test
species will be near the mean sensitivity of organisms
inthecommun:ty if thetest species s cnosen without
knowledge of its sensitivily ias was the case here)

In 3 special case wnere toxicants remain he same
and the species composrng the community remaimn
the same the number of species 1n the cammunity
havirg a sensitivity equal to or greater than the test
species also will remain the same As 3 result there
should be a consistent relationship between the
degree of toxicity as measured by the toxicity test and
the reduction in :nNe number of species in the
community In th:s special case there should be a
tught carrelation between degree of toxicity and the
number of species If the toxic stress i1s great enough
to dimirmish the production of offspring by a test
species. it should also be severe enough to dirmnish
the reproduction of some spec:es withun the com-
munity of equal or greater sensitivity Trus srould
vlitimately ‘ead to elimiration of the more sens:tive
species Therefore alower number of taxa shouid be

a predictable response of the commurity For ex
ample, there should be a relatiorsnip hetween tne
number of young per female Ceriodaphnia or the
growth of fathead minnows (or other test species: and
the number of species in the community Obv.ously
the test species must have a sensitivity such 'hat at
ambient concentrations to which the community 1as
responded. a partial effect 1s oroduced in the tox ity
test However unless the special case descrioed
above exists. the corretation between *oxiCity and
species richness will not be a nignt one

Effluents differ from single chemicals in some
important respects We know from the literature on
single chemicals that tnere usually are large dif-
‘ferences In the relative sensitivity of species (0 3
chemical and that tne relative sensitivity changes
with different chemicals For example the fatheaq
minnow may be more sensitive to effluent A ane
Ceriodaphria mare sensitive to effluent B We alsc
know that effluents vary in their composit-on from
ume to time and often within a few hours We shou ¢
not be surprised. therefore 0 f'rd fathead minrows
being more sensitive to an effluent on one day and
Ceriodaphnia more sensitive or another day

Effltuents begin changing in composition as suar as
tney are discharged Fateprocesses such asbacler a:
decomposition, oxxdation and many oiners crange
the composition inaddition var-ous components
chnange at difterent rates For example ammon.
would be expected o d:sappear mgr~ rap dly ran
PCBs If so tmen tre compos on 3f e ofil wnt
ever chang:ng as it Mgves trrougn 2 re e N
water Note tnat this change 1S rno' w3 I 1855er
concentrationas aresultofdilut-onbu: 'soac angs
N the relative concentrations of the comporents 'n
reality, the agquatic organisms at some aisiance *ro, ™
the outfall are exposed to a different toxicart *»an
those near the discharge point’ Trerefore (s 10y ca
10 expec! that sometimes one test species would De
more sersitive 10 the effluent as it s g scharges 471
another species more sensitive after fate processes
beg:n altering tne effifuent To be sure 'he source !
the effiuentisthesamebutitiscertairiy notire sa e
effluent  n regard toc s compos:on If rese
statements are true then gne snould aiso expec’ 'y
speces «n the commyumity n e feCEe. VING AAleT A

Loow

~
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be affected at one place near the discharge and a
different group of spec:es will be affected from the
same effluent at another tocation

An effluent carnot be viewed as just diluting as it
moves away from tne cutfall Infact, 1t s a’ series of
new effluents with elapsed flow time if so. there are
important tmplications for interpretation of toxicity
and community data QOne should not expect the
various test species to respond similarly to water
collected from various ambtent stations We should
expectone speciestobe more sensitive at one station
and another species tn be more sensitive at the next
The affected components of the community should
vary in 3 ltke manner

An even bigger imphication 1s that the surrogate
species conceptis invalid in such a situation. As one
exarnines the community data in the report by Mount
et al., 1984 and in the studies soon to be published
{t.e ., Mountetal,h 1985), 1it1sclearthat thereisnoone
community component that 1s consistently sensitive
Sometimes the benthic invertebrates and the per:-
phyton have similar responses and both are different
from the fish. Sometimes the fish and periphyton
have similar responses and these are unlike the
benthic invertebrates.

The same 1s true of the test species. Sometimes the
Ceriodaphnia respond like the periphyton and other
times like the fish community. The important point s
thatacareful analyses of our knowledge of toxicology.
effluentdecay. andrelative sensitivity tells us that we
cannot expect’

1 Ceriodaphmatoxicity to always resemble toxicity
to benthic invertebrates or zocplankton.

2. Fathead minnow toxicity to always resemble
toxicity to fish,

3 Fatnead minnows and other fish to display the
same relative sensitivity to different effluents

Any test species should have a sensitivity represent-
ative of some components of the community The
important distinction 1S that one never can be sure
which components they will represent

In comparing toxicity test results to community
response comparison must be made with the above
inmind Certainly those community components that
are most sensitive will be most impacted and - or lost.
The response of the most sensitive test species
should therefore be used to compare to the response
of the most sensitive of the community

A weakness in using the number of spectes as the
measure of community response s that species may
be severely affected yet not be absent The density of
various species i1s greatly influenced by competition
for available habitat. predation, grazing. and or
secondary effects which may result from changing
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spectes composition Density 1S more subject to
confounding causes. other than direct toxicity and s
not as useful as the species richness in the com-
munily to cornpare community response to measured
toxicity

Several measures of community structure are based
on numyper of species. e g . diversity and commun ty
loss index S:ncediversity measures are hittle affected
by changes inthe numoer of species(or taxa)that are
invery tow densities inthe community. diversity 1san
insensitive measure for some perturbations which
can be measured by toxicity tests The communily
loss index 1s based oniy onthe presence or absence of
specific species relative 10 a reference station and
would be useful except that habitat differences
between stations heavily affect this measure There
are several problemswhen usingthe number of (taxal
species measured The foremost 1s that the mere
presence or absence of species 1S not 8 compre

hensive indictor of community health, especially »f
the species are ecologically unimportant Secondly a
toxic stress may rot eliminate species but yet have a
severe effect on density, presence or absence does
not consider such partial reductions The presence or
absence of species as the measure of community
impactis influenced by the chance occurrence of one
or afewindividuals due to erther drift immigration or
some catastrophic event when, infact. that species s
not actually apartofthecommunity where it.1s tound
Effects other than toxicity such as habitar il
always confuse such comparisons to toxicity data to
some extent They cannot be ehminated !dentufica

tion of taxa to different levels can reduce tre
sensitivity of species richness Even though species
richness has numerous sources of errar as a repre

sentative measure of community health. i1t remains
the best measure for comparison with toxicological
data Species sensitivity will respond n the mos:
direct way to toxic response of the community with
the least interference

8.1 Prediction of Instream Community
Impacts Based on Efluent Dilution Test
Results

The calculated Acceptable Effluent Concentraton s
{AEC) for each test species and effluent testea ar-
presented n Table8-1 aswellasthelnstream Yaste
Concentration (IWC) for each effluent downstream it
the discharge The AEC s basedonthe mostsens tive
endpoint of the most sensitive species Tne Refirer,
IWC was about three times higher thantre AEC wh =
the IWC ofthe Fertilizer Plant was abcutfive imes 1o -
AEC Based on these results there sho.'d 5o
noticeable ambient toxiCity atthe staticrsbel. s -1
discharge and adverse effects on tme ~girzgm o
logical community sinCe some Sgeces w.. 1 T



Table 8-1 Comparison Between the Acceptable Effluent Concentration {AEC) and the Instream Waste Concentration (IWC) tor
Eftluents Tested
AEC .Percent) IWC Percen?:
. rathead
Effluent Minnow’ Ceriodaphnia® Station 3 Sratien §
Ref mery T 55 173 17 6 120
Ferul zer Plan 55 173

*Caiculated ‘rom data in Taole 4-4
“Calculated from data in Table 4 5
Data from Table 33

expected to be as sensitive as the most sensitive test
species

For Station 3 below the Refinery. the IWC was
estimated at 17 6 percent, which was much higher
than the AEC. Therefore. toxicity instream at Station
3 was predicted. and ambient toxicity was increased
at Station 3 (Table 8-21 At Station 4 Skeleton Creek
and Boggy Creek have joined and a stight decrease in
ambient :oxicity was expected and was observed.
Sincethe IWC of the Fertilrizer Plant was frve times the
AEC at Station 5, ambrent toxicity was predicted The
results of the ambient toxicity tests at Statton 5
corroborated the prediction of the effluent dilution
test by showing tncreased toxicity at Station 5 The
prediction of impact a3t Station 5 could aiso have been
made using the IWC of the Refinery (Tabie 8-1}

8.2 Comparison of Ambient Toxicity Test
Resuits and Field Data

in order to make a prediction of impact from single
species data. the station with the least toxicity or the
most numbers of taxa was considered the least
impacted and used as zera percent rmpact for
comparative purposes The percent impact at all other
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stations was then catculated from that value and each
measurement (fathead minnow toxicity. daphn:d
toxictty, and reduced spec:es richness) could rave
used 3 different reference station as zero percent
impact(Table 8-2) The data for the number of benthic
macroinvertebrate taxa from both the aruficial and
natural substrates were combined in order (o0 obtain a
total number of taxa found at each station where bath
kinds of samptes were cotlected The comparisonson
Tabie 8-2 inctude Stations 2 through 9 only as Station
1A was sampied for macroinvertebrates on natural
substrates onily since Station 1 had become im-
pounded by a beaver dam after the artific:al substrates
were set. This made the comparisans of the natural
and artificial subsirates impossible as the locations
and the conditions the inverteprates were exposed [0
were quite different Also. since Station 5A was
added during the August fietd samphing no artufic al
substrate sampie was collected and therefore 3A s
eliminated from the overall comparison too The
zooplankton data are of limited vatue as few crus
taceans androtifers were collected Thetrends of the
percentincrease intoxicily as predicted by combining
the ambient toxicily test data ar~ ~mpared to the
percent reduction n the numbe- of taxa for :nhe
various biological field components in Table 8 2

Table 8-2 Percent Increase in Toucity and Parcent Reduction in Number of Taxa for the Instream Biological Communaty
Ceriodaphnia Fatnead Cembirec
Young M nnow Zocplankior Macrc rverrebrate 2
S:aton Production Weight Tang Tana® oy
2 52 15 [1¢} 22 3
3 42 3% 2 31 i
4 32 31 Q 22 P ]
5 656 44 40 9 *oC
<] 22 18 20 z 43
7 37 4 20 t2 57
3 59 ‘5 20 3 =7
9 2 o) 20 22 ‘4
PerzenrtyaiLes were D13 ~red By 451G !"€ " GUest L3 e tor 2acn measureme::—;:"e :;s-s firgers pRsTent mpg
TS SImR Il TUTnST P LoGLe 3@ PIuNC TR Imer TR ar b g 10,305,030 5008073853701 m 1 10T e LDy S m e Ty -

Suvuries Tatesd g 4T 5 53 ara
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Tabte B-3 Percent of Correct Predictions Using Four Levels of Defined impact

Combined Bologica Fietd Data Pernem

Cocmbined .. N —
Toxizily
Data iPercent 20100 40 100 €0-100
201C0 875 750 375
40-100 625 750 €75
30-100 125 500 100
80-100 0 375 750

Source Table 8-3

Tabie 8-3 was constructedin the following manner. If
both the toxicity data and ail biological field data
values were below 20 percent, a correct prediction
was registered. If one or more toxicity value and one
or mare taxa values were over 20 percent, a correct
prediction was registered. This was done for all
stations and the correct prediction piaced in the upper
left celt of the table. The same procedure was used for
each cell only changing the percentage to the
appropriate value for that cell. The 20 percent
incremental categories are arbitrarily selected.

The largest perrentages of correct predictions were
obtained. 1n general, when comparable percentages
were compared. 1.e.. the h:ghest values lie along a
diagonal from upper left to lower right. This pattern is
evidence that the degree of toxicity 1s related to the
degree of taxa reduction Ta verify this trend quanti-
tatively. the degree of toxicity and reduction of taxa
was evaluated by a correlation analysis. The cor-
relaticn of the combined toxicity data {the greatest
toxicity of enther the fathead minnows and the
Ceriodaphnia)and the reduction of the biological fieid
data(fish, zooplanktan, and invertebrates)was signif-
icant{P <0.01} Figure 7-1 plots the greatest percent
toxicity at each station with the greatest reduction in
the field data that was subjected to the correlation
analysis.

One tevel of percent reduction or increase N toxiCity
15 not being proposed as the best percentage at this
time Each study that has been done will compare
which reduction of the instream biological response
data best corresponds to a specified ievel of laboratory
toxicity. Comparisons far all sites studied need to be
completed before any decistons andrecommendation
on the best percentage are made.

8.3 Summary

Ambient toxicitly was measured at both stations
where effluent tests predicted toxicity There was a
highly significant correlation between number of taxa
and degree of toxicity
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Appendix A
Hydrological Sampling and Analytical Methods

A.1 Flow Measurements

Stream flows were measured from 9-11 August
using a Teledyne Guriey Pygmy flowmeter Measure-
ments were made once at Stations 1 through 9,
including an additional measurement downstream of
the Refinery At each station. measurements were
made at 'ntervais of 0 3to 0 6 m depending on the
width of the transect such that 8 minimum of 10
velocity measurements were made

The water depth was recorded with each measure-
ment Folinwing standard hvdrelogical methods for
shallow streams {- O 75 m), velocity measurements
were made at depths of 60 percent of the water
column

A.2 Flow Contribution Calculations

The mean contribution, in percent of the total flow.
was calculated using the measured stream velocities,
plant operating records. and USGS gauging station
data The upstream flow values form Stations 1 and 2
for Boggy Creek and Skeleton Creek. respectively,
were used



Appendix B
Toxicity Test and Analytical Methods

B.1 Sampling and Sample Preparation

A 24-hour composite sample of Refinery effluent
was collected 10-11 August 1983. as well as
composite samples of the stream stations Automatic
ISCO samplers were setto collect an aliquotevery 15
minutes and composite samples were collected in
5-gal polyethylene containers The Fertilizer Plant
effluent was a partiai composite and a partial grab
sample from the holding ponds uon 10 August. The
samples were cooled to approximately 10°C and
transported to ERL-Duluth where they were stored
unt:l use at 8°C. Testing began 14 August 1983 Test
solutions were renewed daily Each day 2 L were
removed and warmed to 25°C The effluent and the
dilution water were warmed separately, and dis-
solved oxygen levels checked for supersaturation
Ambient stations were also warmed to 25°C over a
propane heater and aerated until saturation was 100
percent.

The effluents were diluted with river water {Station
1A) that was collectead upstream of the Refinery
Dilutions were made using polypropyiene or poly-
ethylene beakers and glass graduated cylinders Two
liters of each concentration were made and 0 200 L
were used for the Certodaphn:a tests and the rest for
the fathead minnow tests After the 2 L were
prepared. the dissovied oxygen (DO), pH, hardness.
and conductivity were measured The DO and pH
meters were calibrated daily prior to readings. At the
time of renewal. the DO was measured in one
compartment in each fathead minnow test chamber
isee Section B 31 and in at least ane cup of the
Ceriodaphma test in each exposure DO was mea-
sured daily early in the morning after the ignts were
on to evaluate any effects of diurnal DO cycles DO
values inthe 100 and 30 percent of the Fertilizer Plant
effluent were low. but otherwise no effects dueto DO
levels were noliced A series of effluent concentra-
tions of 100, 30.10. 3. and 1 percentwere used inthe
effluent dilution tests For the ambient toxicity tests.
the samples were run without difution

B.2 Ceriodaphnia Test Method

Adult Ceriodaphn:a from the ERL-Duluth culture
were used as brood stock. and the adults were not
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acchmated n the dilution water prior 1o testing The
tests were started with less than 6-hour-old Cerro
daphma Glass beakers. 30-mi! which contained 15
ml of test solution, were used Test soiutions were
renewed daily and young. f present. were counteqa
and discarded The animals were fed 0 05 mI of a
veast food every day, for a concentration of 250 g
yeast Temperatures were maintainedat25 - 1 Chy
means of a constant temperature cabinet The test
procedure was that of Mount & Norberg. 1984

B.3 Fathead Minnow Test Method

The methods used followed closely those described
by Norberg and Mount (19851 The test chambers
were 305 cm x 152 cm x 102 ¢m high and are
divided into tour compartments. ths design allowed
four repitcates for each concentration The larvai
tathead minnows were less tnan 24 hours old post
hatch and were from the ERL-Dututh cu'ture The fisn
were assigned to the test compartments by pipetting
1 or 2 fish at a time to each replicate test chamber
across all concentrations until all replicates had ten
fishin each or forty per concentration Newly hatcned
brine shrimp were fed to the fish three times a day
The uneaten shrimp were removed daily by siphoning
the tanks during test solution renewal At the same
time, the volume i1n the test chamber was drawn
downto 1 cm, after which 2 L of new test solution was
added The laboratory temperature was 25 - 1 C A
16-hour hight photoperiod was used

After sevendays of exposure thefish werepreserved
tn 4 percent formahn Prior 10 werghing, they were
rinsed in distilled water Then each ruoup was oven
oried for 18 hours in preweighed al.rmiinum weigh
pans and weighed on a five-place analytical balance

B.4 Quantitative Analyses

B. 4.1 Ceriodaphnia

The statistical analyses were performed using the
procedure of Hamiiton (1984) as mod:ified by Rogers
(personal communication] In this procedure the
young production data were analyzed to obtain tne
mean number of young per female per treatmenr’
Caily means were calculated and these means were



summed to derive the 7-day mean young value By
this method. any young produced from females that
die during the test are ncluded n the mean daily
2stimate Using this procedure. mortahties of the
original females affect the estimate minimally. but
the martaiity of the adult s used atong with the young
production to determine averall toxicity effects
Confidence intervais are calculated for the mean
reproductivity using a standard error estimate calc-
Jtated by the bootstrap procedure The bootstrap
procedure subsamplies the original dataset {1.000
times) by means of a computer to obtain a robust
estimate of standard error

A Dunnett's two-tailed t-test 1s performed with the
effluent test data to compare each treatment to the
contraol for significant differences. For the ambient
station data. Tukey's Honestly Significant Difference
Test 1s used to compare statons

B.4.2 Fathead Minnows

Tne four groups’ mean weights are statistically
anatyzed with the assumption that the four test
chamber compartments hehave as replicates The
method of analysis assumes the variability 1n the
mean (reatment response is proportional to the
number of fish per treatment MINITAB (copyright
Pennsyvivama State University 1982) was used to
estimate a t-staustic for comparing the mean treat-
ment and control data using werghted regressions
with weights equal to the number of measurements
inthe treatments The t-statistic 1s then compared to
the critical t-statistic for the standard twao-tailed
Dunnett's test {Steele and Torrie 1960) The survival
data are arcsine-transformed prior to the regression
analyses to stabiize varniances for percent data to
snow significant differences. however, actual survival
vaiues of the replicates are given in Tables 4-3 and
4-6

8.2



Appendix C
Biological Sampling and Analytical Methods

Estimated pool and riffle proportions and percent
cover information are providedin TableC-1 Table 2-1
provides information on which stations were sampied
for each survey.

C.1 Plankton Survey

Plankton were collected from ten stations on Skeleton
Creek and Boggy Creek near Enid, Oklahoma, on 8-11
August 1983. Duplicate samples were collected at
each station using a Wisconsin-type plankton net
with a 80-um mesh. The net was held stationary in
the water for two minutes (only one minute at Station
9). The samples were transferred to bottles pre-
charged with formalin. The volume filtered was
calculatedthe timerequiredfor a floattotravela3-m
distance and the net diameter, assuming 100 percent
filtering efficiency.

The samples were thoroughly mixed and an aliquot
removed. Two subsamples from each replicate sam-
ple were analyzed using a Sedgewick-Rafter counting
chamber. Identifications were made using a com-
pound microscope at 100X magnification All organ-
1Isms in the chamber were enumerated and identified

toaconvenienttaxon, exceptthe sohitary diatoms For
diatoms, one short-dimension optical strip was
enumerated. Abundance was standardizedto number
per hiter for density comparisons

The crustacean androtifer densities were analyzed by
Analysis of Variance (ANOVA) One-way ANOVAs
were performed to determine differences between
stations. Tukey's Honestly Significant Difference
{HSD) tests were conducted to determine which
stations were different when a significant difference
was detected using the ANOVAs

C.2 Macroinvertebrate Survey
C.2.1 Sample Collection

C.2.1.1 Natural Substrates

Natural substrates at ten stations were sampled on
Skeleton Creek and Boggy Creek from 8-11 August
1983 A 1-ft’Hess-style sampler was used with a 800
x 900-um mesh net. Triplicate samples were collected
in riffle areas or stmilar areas and then preserved in
10 percent formahn

Table C-1. Station Description information and Estimated Proportions of Riffle and Pool for Skeleton Creek and Boggy Creek.

Enid, Oklahoma

Esumated Riffle Ritfle Pool Pool Esuma’red
Percent Percent Wiath Length Percent Width Lengtn® areaim®) for
Station Cover Riffle {m) (m) Pool (m) {mi Fish Seine
1A 100 16 45 61 84 61 30 210
1 100 0 -.€ 100 -
2 90 40° 09 61 60 36 S 106
3 80 50° 61 91 50 91 182 191
4 Q 100° 91 305 0 .- - 214
5 10 40 46 61 60 91 152 106
5A 0 23 30 91 77 91 305 214
6 0 100° 122 305 0 - 210
7 ¢} 27 61 91 73 122 24 4 N
0 16 61 61 84 137 305 214
g 20 27 122 9 73 122 244 7
10 0 0 - E 100 107 -

‘Estimated sampied length for the fish survey actual length may be longer

’Run habitat only
‘These stations sampled with artificial substrates only



C.2.1.2 Artificial Substrates

Quadruplicate Hester-Dendy multiplate artificial sub-
strates were suspendea in tne water column at each
af the ter stream statons on 20 July 1983 and
rerroved on 3 August resuiiing in a 2C-day colon
ization period Substrates were collected using a
srrall-mesn net €ach substrate was disasseimbled
anascrapedandthecollections were preserved in 10
percent formalin The Hester-Dendy substrates have
ar eftective surface area of 0 093 m*

C.2.2 Sample Analysrs

The samples were wasned 1n tap water and flooded
with a sugar solution to separate debris and organ-
isms  The tioating organisms were removed ang
piaced 1n 70 percent ethanci The debris was exam.
ned 10 detect non-floating or entangted organisms
using a dissecting microscope at 8X magnification
Organisms were enumerated and identified to genus
or lowest reasonable taxa Apundance was stand-
a:gized to number per square meter for density
Zomparisons

ANQVAs were conducted on the counts of major taxa
to determine differences between stations. The two
major taxa were Dicrotendipes sp. and Berosus sp.
Tukey s HSD tests were conducted when significance
was detected using ANOVA, to determine which
stations were different. In addition, ANOVAs were
conducted on tire number of Chironomidae taxa and
the total number of macroinvertebratetaxatodiscern
differences between stations. Tukey's HSD was used
when the ANOVAs showed significant differences to
identify which of the stations were different

C.3 Fish Survey

Fish seimng was done at ten stations on Skeleton
Creek and Boggy Creek on 8-11 August 1383 At
most 30 5 motine stream was seined at each station
using 3 wovennet 12 mx91 m withaO5cm
mesn Collections were preserved in 10 percent
farmalin Fish were enumerated and dentified to
spec:es or lowest practicable taxon

T
e

e number of fish taxa per station were examired
us Ng a X“test This test was performed with Station
1A asthe expeciedvalue andgagainwith Statiun 2 as
the expected value

c2



Appendix D
Biological Data

Table D-1. Mean Density (No.  m? of Benthic Macroinvertebrates Collected from Naturai Substrates in Skeleton Creek and
8oggy Creek. Enid, Okishoma, August 1983

Sampiing Station

Taxa 1A 2 3 4 5 5A [ 7 8 3
Ephemeroptera -
Caenis sp 251 7 14 - 29 39 11 39 . .
Tricorythoges sp 7 4 .- .- 1M 79 86 .- - 86
Baetss sp 11 .- .- .. . . .. 36 " 197
Stenonema sp -- .- .- - - - . . 7
Choroterpes sp - - - - -- - i - . 29
Total Ephemeroptera 269 [ 14 0 40 118 97 75 1 319
Trichoptera
Hydroptiidae 29 .- .- .- . .. 4 .. .. .
Cheumnatopsyche sp 14 -- .- .- 4 .. 4 29 104 1137
Mydropsyche sp - -- - - - - . . 7 273
Hydropsychidae pupae - - - - - - - .. . 22
Tatal Trichoptera 43 0 0 ¢ 4 0 8 29 1t 1432
Coleoptera
Laccophiius sp - .. .- . 4
Peltodytes sp - - .- 4 .- .. . . .
Berosus sp S0 29 11 459 126 1.159 861 947 151 32
Stenelmis sp 14 - - - 7 - 4 . 18
Dubrraphia sp .- .. .- . 4 .. .. ) )
Total Coieoptera 104 29 11 463 141 1159 865 347 151 50
Qdonata
Oromogomphus sp .- .- .- . 4 .. .. .. .
Gomphus sp - .- .- . .. .. .. . . I
Plarhems sp. .- .. .. 22
L:belluia sp -- .- .- 4 .- .. ..
Argia sp 80 .. .- .- - 4 29 . .
Total Odonata 30 0 o 26 4 4 29 o] 0 "
Megaloptera
Corvdalis sp . .. - . .. .. . . . 22
Meohermes sp .- .. . . . . . 4 .
Tota) Megaloptera 0 0 0 0 0 o] 0 4 0 22
Diptera
Churpnomus sp 14 .- 488 513 703 355 4 1 .
Oicrotendipes sp 352 298 466 553 1568 621 312 240 122 7
Polypeailum sp 154 43 18 14 39 14 14 4 746 481
Cryptochironomus sp -- 22 7 4 4 . .. . " 4
Pseudochironomus sp 7 102 - - - - 4 4 11
K,effarulus sp .- -- - .- 25 29 14 - .-
Tanytarsus sp 90 22 104 387 50 47 11 43 402 36
Micropsectra sp 25 .- .. . .. .. .. -, - :
Cricotopus sp 14 43 7 - 434 176 240 352 197 4
Psectrociadius sp . . .. .. 4 .. 7 .
Ablabesmyia sp 65 4 11 79 248 111 79 258 196 25
Pentaneura sp 1 .. .. .. .. .. . .
Tanypus sp 4 7 32 806 22 50 : 4
Procladius sp . .- . 29 . . . .
Chironamidae pupae 32 - 61 25 a1 305 147 90 194 47



Table D-1 {Contnued)

Samphing Station

Taxa 14 2 3 4 5 54 5 7 3 9
Paigom:a sp - .- . .. .. . . 4
Probezzia sp 1 14 7 65 4 4 . 4
Simyhdae 4 -- :
Diotera pupae’ . 7 .- . - . o -
Total Diptera 783 562 1.201 2278 3812 1712 832 1014 1879 504
Hemiptera
Belastoma sp .- . . . . .. a
Carnxidae - -- .- - 61 32 68 4
Totat Hemiptera 0 0 8] o] 61 32 72 4 ] 5
Others
Gastroponda
Prysidae 23 50 4 208 97 1 47 129 22 N
Ancyiidae 32 .- - .- - . 4 .
Pelecypoda
Spnaeriidae 4 - .- . . . 18
Armpbipcda
Talitrigae 7 .- - i9 4 .. 4 .
Qlgochaeta iumdenntied) a7 93 104 14 36 314 169 1 215 158
Anneida
Mirudirea .. . .. i . . 7
Total number of taxa® 25 14 13 16 23 16 z4 18 13 19

Total numper of individuais m? 1408 745 1.334 3025 4299 3880 2182 2213 2 389 2 503

‘Unigentitied. non-Chironomidae pupae
*Does not include pupae

Note Vatues are rounded to nearest -nteger

Tabie D-2. Mean Density (No./mi} of Macroinvertebrates Collectad from Artificial Substrates in Skeleton Cresk and 8oggy
Cresk, Enid, Oklshomas, August 1983

Sampling Statons

Taxa 1 2 3 a 5 6 7 g8 3 13
Epnemeroptera T T T
Caenis sp 126 70 1 27 1 " 55 3
Tricorythodes sp - - .. - ‘9 75 3
Baetrs sp 8 54 16 55 E) 226 1043 188 126
Stencrnema sp - 8 3 5 15 3
Chorcterpes sp e - . . 8
Total Ephemeroptera 134 132 30 32 76 237 v 1o 220 217 3
Tr choptera
Zhimarra sp : 13
~vdrotihxdae 3
Zneumatopsyche sp : - - ¢ 327 "45
Hyaropsvehe sp 4 554 L 4Ty )
=y aropsvchidae pupae . . . 7z 3€ i
Taral Trichoptera o] 0 8] 0 0 a o) 25667 1 704 'z
Coteoptera
Trop:sterrus sp ? 8
Laccopnius sp . 7
Berosus sp 73 13 207 135 1387 785 654
Steneirmis sp . 5 8 1 . 5 '8 46
Total Coleoptera Q 78 2! 218 135 1401 © 7€8 162 iR
Odonata
L.berula sp 2 3
Aarg asp 38 234 37 "33 22 "43 23 = z -
Het3erng sp T
‘schnurd sp 40 13 3 22 z
Total Cacnata 38 277 177 227 25 ‘€5 375 ! i -

02



Table D-2. (Continued)
Samphing Stations
Taxa 1 2 3 4 5 5° 7 8 ] o]
Megatoptera
Chauliodes sp -- -- .- - 13
Neohermes sp -- -- 59 24 3 7 8 32 -
Total Megaloptera 0 0 59 24 3 7 8 45 Q Q
Diptera
Chironoms sp 99 13 212 35 531 143 667 5 3 -
Dicrotendipes sp 1.038 2.368 2640 1.780 1.352 130 1691 83 126 30
Polypedilum sp " 27 43 5 5 4 8 6.024 1 769 202
Cryptochironomus sp .- .- 3 - .- 7 " 5 .-
Pseudochironomus sp 13 8 - -- -- 38 - . .
Krefferulus sp - 3 5 - 357 . . .- 48 30
Tanytarsus sp 83 83 3 3 5 14 27 3.255 226 3
Tribetus sp. - - - - .- .- . . .- 24
Cricotopus sp. 39 11 56 36 19 5 48 3
Psectrocladius sp. .- .- 314 81 22 36 186 124 40 3
Ablabesmyia sp 253 250 1.938 441 653 229 267 728 204 163
Pentaneurs sp 8 16 11 22 3 -- - 30 .-
Corynoneura sp. - .- -- .- - .- - . 13
Tanypus sp 13 54 5 75 454 36 164 3
Procladius sp. .- 8 -- 19 -- .- -~ -- -
Chironomidae pupae 78 353 260 75 505 65 56 817 148 118
Palpormia sp .- 27 .- .- .- .- 3 3 o .-
Probezzia sp 5 8 3 .- 3
Tabannus sp -- .- .- 3 .-
Atherix sp. .- 3
Hemerodromia sp .- .- .- .- . .- .- 3 .- .
Total Diptera 1.601 3.224 5.533 2,557 4,046 764 3.140 11088 2628 571
Hemiptera
Belastoma sp. 4 .- .-
Cormudae .- -- - -- - 7 3 .- 3
Total Hemiptera o 0 0 0 0 " 3 0 3 ]
Others
Gastropoda
Physidae 226 11 427 13 25 13 32
Amphipoda
Tahtridae 16 40 223 32 32 161 19
Oligochaeta .- .- 8 .- .- - -
Annelidae
Hirudinea - .- - .- 5 - 8 - :
Total Number of Taxa® 13 21 20 21 20 23 25 28 18 13
Total Number of Individuals. m? 1.789 3.717 5.871 3.356 4,325 2,650 5505 14951 4 730 798

*Station 6 had only three replicates

NOTE Values are rounded to nearest integer

Table D-3. Analysis of Variance and Tukey's Studentized Range Test Resuits for Zooplankton, Skeieton Creek. August 1983
Crustaceans
Oependent Variable In Count
Sum of Mean
Scurce dF Squares Square F Value PR

Station 9 2767 307 16 93 0 0001
Error 30 544 018
Corrected 10tal 39 3312

Tukey s Studentized Range Test
Station 7 3 8 4 6 2 1A 9 5A 5
Mean 244 206 Q55 044 034 024 018 005 008 30
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Table D-3 {Continuad)

Rorifers
Dependent Var anle -n Count
Sum of Mear
Scurce aF Squares Square F Value eR]  F
Statign 9 2985 23 33169 197 82 Qo0
Error 30 50 30 1 68

Corrected totas 30 303553

Tukey's Studentized Range Test

Station 7 6 5A 5 4 3 B 3 2 ta
Mean 3064 14 59 1057 7 80 518 513 374 239 047 33
Table D-4. Analysis of Variance and Tukey's Studentized Range Test Resuitsy for the Two Most Abundant Macroinvertebrate

Taxa trom the Natural Substirates, Skeleton Creek, August 1983
Dicrotendipes sp

Dependent variable Count

Sum of Mean
Saurce df Squares Square F Value oa ¢
Station 9 3396 377 512 I
Error 20 1473 Q74
Corrected otal 29 48 69

Tukey's Studentized Range Test

Station 5 SA 3 & 4 2 14 7 3 3
Mean 478 400 361 339 31% 304 303 303 250 PR Y
Berosus sp

Depenrdent variable Count

Sum of Mean
Saurce dF Squares Square FVa ue PR 5
Sratan 3 5130 570 833 P
Errne 20 1419 on
Corrected total 29 £5 49

Tukey s Stugentzed Range Test

Stat-or 7 6 54 4 5 8 1A 9 2
Mean 440 438 412 Iin 262 249 134 t 35 T3
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Table D-5.

Taxa from the Artificial Substrates. Skeleton Creek. August 1983

Dependent Variabie Count

Oicrotenaipes sp

Analysis of Variance and Tukey's Studentized Range Test Results for the Two Most Abundant Macroinvertebrate

Sum cf Mean
Source dF Squares Square F Vatue PR F
Stauon 3 297239 27 33026 58 477 30006
Error 29 200.67017 631667
Corrected total 38 497.909 44
Tukey's Studentized Range Test
Stanon 3 2 4 7 5 1 6 o] 8 10
Mean 24550 22025 166 50 157 25 12575 96 50 1767 1175 775 275
Berosus sp
Oependgent Variable Count
Sum of Mean
Source dF Squares Square F Value PR ~F
Station 9 120.450 58 13.38340 64 26 0 0001
Error 29 603942 208 25
Corrected total 38 126.490 00
Tukey's Studentized Range Test
Station 7 6 8 4 5 2 3 1 9 10
Mean 163 25 12933 60 75 19 25 1250 675 125 co 00 00
Table D-6. Analysis of Variance and Tukey's Studentized Range Test Resuits for Numbers of Macroinvertebrate Taxa. Skeleton

Cresk, August 1983

Natural Substrate Data

Dependent vVanable Count

Total/ Number of Taxa

Sum of Mean
Source dF Squares Square F Value PR -F
Station 9 174 87 1944 374 00067
Error 20 104 00 520
Carrected total 29 278 97
Tukey's Studentized Range Test
Siation 1A 5 6 ] S5A 7 4 8 2 3
Mean 1700 1567 1500 14 33 1333 1267 1200 11 00 1067 867
Total Number of Chironomidae Taxs
Dependent Variabie Count
Sum of Mean
Source oF Squares Square F value PR £
Station 20 2883 320 148 02224
Error 9 4343 217
Corrected totat 23 7217

Tukey s Studentized Range Test was not performed since the ANOVA results were nonsignificant

D-5



Table D-6 {Continued)

artficiat Subsirates

Depencgent Varable Count

Total Number of Taxa

Sum of Mean
Source dF Squares Square ® Value °r F
Station 9 380 33 4226 ‘044 50001
Errar 29 117 42 404
Corrected total 38 497 75
Tukey s Studentized Range Test
Station 3 7 4 6 2 9 3 5 1 ]
Mean 1B 75 17 25 16 78 1667 1550 14 7% 1400 1350 975 8:l
Total Number ofChironomidae Taxa
Depengent Variabie Count
Sum of Mean
Source dF Squares Square F Value PR F
Staton 9 3106 344 227 0453
Error 29 43 92 ! 51
Corrected total 38 7492
Tukey's Studentized Range Test
Station 7 4 5 6 9 3 2 8 1 J
Mean 875 825 775 767 750 725 675 6 50 525 '3
Table D-7. List of Fish Species and Famihies Collacted from Skeleton Creek and Boggy Creek Near Emid. Oklahoma’
Famity Scientific Name Common Name
Cyprimidae Notropss lutrens:s Red shiner
TANOWS] Notroprs strameneus Sand shinar
Notropis umbratilis Reahn srirer
Pimephales promelas Fatheag mirnow
Phenacobis mirabilis Suckermouth ‘m.rrow
Notemigonus crysoleucas Golden sh.mer
Noltropts spp Earlv juven.e iypr ming
Centrarchudae Lepomis megalolis -orgear surt.s-
sunfishy
Lepomis cyaneilus Greer gurt o
Lepomis Numiuus D> gespuiteg Su7 57
Iztaiundae lcltaiurus melas cx Juiteac
icatfish)
Poecilndae Gambus+a atfinis Mosgurro! 37
vebearers)
Catastomigae Carpurdes spp Eary uver » alastovois

tSuCkers)

‘Names follow Robins et ar 1980
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