Effects af a Crude Qil Spiil
on the Benthic Invertebrate Community

of the Gasconade River, Missouri

Susan E. Fingerl

Barry C. Pnultonl
and

Steve A. Humphrey2

1 National Fisheries Contaminant Research Center

4200 New Haven Road
Columbia, MO. 63201

Miz=zouri Department of Natural Resources
P.0.Box 1786
Jafferson City, MO 65102



Introduction

The Gasconade River originates in Wright County in southern
Missouri and flows north about 400 km until it enters the
Missouri River near Gasconade, Mo. On December 24, 1588, a
ruptured pipeline released about 863,000 gallons of crude oil
into Shoal Creek, a tributary of the Gasconade River near Vienna,
Mo. The pipeline reportedly ruptured at about 16:30 and members
of the Missouri Department of Natural Resources (MDNR) Emergency
Response Team were on site to assess the incident within 6 hours.

The 0.56 m diameter pipeline that transported oil from Texas
to Illinois had a fracture about 2.5 cm wide that extended for 12
m. The oil, classed as West Texas Intermediate Sweet Crude 0il,
entered Shoal Creek about 0.4 km east of its confluence with the
Gasconade River. Booms deployed at public accesses on the
Gasconade River were unable to contain the oil and by December
27, olil reached the Missouri River. Water samples collected in
the Missouri River below the Gasconade River showed no levels of
petroleum products exceeding drinking water quality standards.
0il removal continued in the Gasconade River and by January 24,
1989, Shell reported that approximately 50% of the oil had been
recovered.

The first samples collected to determine possible effects on
the benthic macroinvertebrate community were collected by the
MDNR in March 1989. A one-year study was initiated in July 15895
by National Fisheries Contaminant Research Center in cooperation
with personnel from MDNR. The purpose of this report is to

summarize findings from the study.



Methods of Study

Study Area

The Gasconade River study area covered about 90 river miles
and included a total of nine sample locations above and below the
0il spill site (Figure 1). Sample sites were selected in
cooperation with the MDNR to maintainm continuity with sampling
efforts completed by the State prior to the initiation of this

study. Locations of sample sites are as followss

Site  MDNR Location River County Access
¥ Zane {relative Mile Point
to spill}
1 la upstream 103~10D6 Phelps Jerome Public
Access
2 1b upstream B6-89 Maries Balle Chute
Access
3 lc upstream 81-84 Maries near U.5. Rt,.&3
Bridge
4 2 downstream 74 Maries 1 kn below Rt,42
Bridge
5 ! downstream 69 Maries Paydewn Public
Access
& ia downstream 51 Dsage Rollins Ferry
Access
7 4 downstraan 43 0Osage Pointers Creek
Access
8 ia downstream 3Q~32 Osage 2 ¥m below Rt.ED
Bridge
9 ) downstream 16~18 Gasconade Helds Island

Accesas
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Figure 1. Map of Gasconade River study area.




Field Methods

Macrobenthos samples were collected from each location in
July 1989 (Period 4), October-November 1989 (Period 5), January-
February 1990 (Period 6), March-April, 1990 (Period 7) and June
1990 (Period 8). Sequential numbering of sample periods begins
with "4" to accomodate previous sample collection periods (1-3)
by MDNR. Riffle habitats with gravel/cobble substrate and
current velocities of greater than 0.3 m/sec were sampled at
depths of 0.2-0.8 m. All samples were collected from the head of
island shoals or the upstream end of side channels. To
characterize the benthic composition of each riffle, five
replicate samples were taken from a 0.3 m area with a 0.5 m wide
D-Frame Kkicknet containing 800 x 900 um mesh net. Each replicate
was a composite of 4 to 5 kicks in substrate approximately 0.6 m
in front of the net:; replicates were collected in a downstream to
upstream direction to minimize substrate disturbance. 1In
addition, one composite sample consisting of 5 sweeps with a
D-frame kicknet was collected from adjacent nearshore areas of
sand, gravel, and vegetation. These qualitative samples were
collected to provide supplemental information on taxa present in
the riffles. All samples were initially inverted and washed onto
a 0.3 X 0.5 m pan and concentrated with a small rubber squeegee.
Macroinvertebrates and associated debris were then placed in
labeled 0.5-L glass jars with plastic 1lids and preserved in a
mixture of 10% formalin and 0.5 mg/L Rose Bengal dye.

Site 6 contained no suitable riffle habitat, therefore no
samples were collected from that location during any sample

period. In addition, high water prevented sampling of riffle



hablitats at some sites during January {(Sites 1, 2, and 8} and
March {Sites 2 and 5}, The scheduled June 1990 collection trip
also revealed that severe flooding during May had completely
scoured all riffle hakitats in the study area and little
recolonlzation had occurred. Therefore, no riffle samplas ware
collected from any location for the final June sample period.
Individuals from MDNR were consulted on all decisions that
involved deletion of a sample sitsa.

Macrobenthos were also sampled from backwater habitats
that contained muck/detritus substrates and maintained standing
water during normal river stages. Five grabk samples of bottom
substrate were collected from water depths of 0.6 to 2.0 m with a
Petite ponar sampler. Samples were individually emptied into a
20-L stainless steel bucket and then transferred into a 53J3-um,
screen-bottom bucket for washing. 1In addition, a gualitative
sampla consisting of 5 sweeps with a D-frame kicknet was
collected from the margins of each backwater area to provida
additional informatian on taxa present.

Site 4 contained no suitable backwater habitat, therefore no
samples were collected from this location during our study. 1In
addition, high water in January prevented the collection of
samples from Sites 2 and 8. All other backwater sites were
sampled successfully.

Depth, current velocity, water temperature, dissolved
oxygen, and specific conductivity were measured at each location.
A subsurface water sample collected from riffle areas at sach

site was acidified with sulfuric acld and returned to the



laboratory for determination of hardness, alkalinity, pH, total
NH3, total P, NO2 + NO3, and total Kheldahl nitrogen. A separate
sample was alsc collected for later measurement of total
petroleum hydrocarbons, total organic carbon, and total toxic

organics .

Laboratory Methods

All macreoinvertebrate samples were washed from each sample
through a U.S. Standard #30 sieve to remove formalin and dye
preservative. Large fragments of debris, sticks, and leaves were
washed through the sieve and removed. Each sample was sorted
with an illuminated dissecting microscope at 10X magnification.
Organisms were counted and placed in labeled glass vials of 70%
ethanol, and initially separated into 5 general groupings:

1) Ephemeroptera/Plecoptera

2) Mollusca

3) Oligochaeta and other worms

4) Midges

5) Other taxa
Each group of 5 glass vials for each sample were placed together
in storage boxes for later taxonomic identification.

After each sample was sorted, the sample number, sort date,
and technicians initials were recorded consecutively on a
standard list. Every tenth sample on the list was resorted by
the MDNR Quality Assurance Officer to verify that at least 95% of
the organisms had been removed. If this procedure indicated less
than 95% removal, this sample and the preceding nine (all samples

sorted since the last check) were resorted.



Literature Review

Knowledge of the effacts of freshwater oil spills on aguatic
ecosystems is limited compared to the wealth of information
available on the impacts of oil entering the marine environment.
In the past, marine spills have been highly publiclzed and often
received international attention. Concern over lack of interest
in research on inland spills prompted the National Academy of
Sciences {1973} to state:

Probhlems of oil pollution have received considerably
more attention in the marine environment than in the
freshwater environment; however, the consequences of a large
oil spill in a confined area such as a river or lake would
be far more serious than those of a spill in open waters,
The likelihood of such a disaster is increasing because of
the increased use of 0il as a subgtitute for coal.
Continuous or intermittent release of lesser guantities of
petroleun products to inland water as a result of refining,
transportation, and use can be equally important and merits
special attention in freshwater ecosystems.

Fortunately, public awaresness of inland spills has
increased and scientists are now focusing attention on the fate
and effects of o0il in freshwater. In several recent reviews
information on effects of oil spills in freshwater systems has
been summarized (Academy of Natural Sciences of Philadelphia
1983, Cairns and Buikema 1984, Muller 1987, Vandermeulen and
Hrudey 1987, and Green and Trett 1989).

Inland spills have occurred relatively often in the past.
In the United States, 179 freshwater oll spills were reported
bptween 1373 and 1986 and spills exceeding 50,000 gallons
occurred 25 times between 1974 and 1980 {Cronk et al. 19%0).

Patroleum releases into the aquatic environment were a leading



cause of fish kills in this country and Crunkilton (13984)
reported that one third of all pollution incidents in water in
the state of Missouri were petroleum related. The recent large
volume spills of 705,000 gallons into the Ohio River (Cronk et
al. 1990) and 863,000 gallons into the Gasconade River have
highlighted the importance of understanding the effects of oil on
freshwater systems.

The extent of injury to an aquatic system caused by an oil
spill is dependent on the type of oil, the hydrological
conditions of the river, and the speed and efficiency of the
clean up. ©0il discharges are complex mixtures of aliphatic,
cycloaliphatic, olefinic, cyclic and polycyclic aromatic
hydrocarbons. The solubility and volatility of these components
can vary with water temperature and velocity. Depending on the
source, crude oil may also contain up to 2% sulfur in an
inorganic form as well as a large number of organic sulfur
compounds (Monticello and Finnerty 1985). Refinery oil wastes
may contain metals including vanadium, nickel, lead, zinc and
copper (Petrakis and Weiss 1980, Shailubhai 1986). Therefore,
the threat afforded by a spill into the aquatic environment is
highly dependent on the chemical characterization of the oil.

The toxicity of oil can result from direct contact with an
organism, from exposure to the water soluble fraction and its
immediate degradation products, or from exposure to oil residues
sorbed to the aquatic sediments. Because of the numerous routes
of exposure, almost any macroinvertebrate may be affected by oil.
Exposure may result in immediate mortality or sublethal effects

that may affect reproduction and successful recolonization.



Studies on the exposure of invertebrates to oil have focused
on the evaluation of lethal responses of sindle species (often
daphnids or protozoans) under laboratory conditions and on the
benthic macrolnvertebrate community response under natural
conditions when challenged with an accidental release.

Laboratory tests have often been conducted with individual
phenolic and polycyclic aromatic hydrocarbon components. Several
studies have suggested that the toxicity and biocaccumulation of
these individual components increases with increasing ring
numbers {Millemann et al. 1984} or with increasing molecular
weight {Lu et al. 1377; Southworth et al. 1978, Bobra et al.
1983, and Trucco et al. 19B3). Green and Trett {1589} offer a
reasconable review of the toxicity of several individual
constitutents of oil to laboratory organisms.

Relatively few studies have evaluated the effects of an opil
spill on the invertebrate community in their natural environment.
Of these studies, =several have reported contradictory information
on the effects of spills on macreinvertebrate communities (Ryck
and Duchrow 1974, Schultz and Tebo 1974, Masnik 1976, Rosenbery
and Wiens 1976, Guiney et al. 1%87). & survey of a benthic
community in a Pennsylvania watershed contaminated by a kerosena
gpill indicated that rapid recolonization cccurred shortly after
the spill {Guiney et al. 1387). Measurements of species diversity
indicated that most stations recovered within 6 to B months.
Similarly, Masnik et al. {1976} observed minimal effects on the
benthic community of a fourth order stream that received 15,000 L

of No. 2 fuel o0il. In a group of artificial ponds exposed to a



range of concentrations of synthetic crude o0il, pond
invertebrates began to recover within three months, even at the
highest doses (Cushman and Goyert 1984). In contrast, a benthic
community exposed to a 25,000 L crude oil spill in a small Texas
stream had not recovered after 26 months (Harrel 1985).
Crunkilton and Duchrow (1990) also indicated an extended recovery
period for Asher Creek, a southwestern Missouri stream that
received 1.5 million L of domestic crude oil. Functional feeding
groups were also selectively altered by exposure to oil. During
the 532 d study, effects were recorded for all functional groups
except shredders. The most severely affected taxa were
Ephemeroptera, Plecoptera, and Trichoptera. These three taxa
were also significantly reduced in an experimental spill of oil
sands tailings in a 30m stretch of the Muskeg River in Northern
Alberta (Barton and Wallace 1979). These taxa are very sensitive
to many types of pollution and their presence or absence
represents a good measure of condition of a stream. In the
diverse examples reported above, it is likely that the type of
0il spilled and the dilution water available to mediate the
spill, play a major role in recovery of the aquatic systems.
Comparisons of the tolerance of different organisms to oil
exposure is difficult because responses of those organisms are
highly dependent on the chemical nature of the o0il. Relatively
few tests have been conducted in which many species have been
exposed to the same oil. Buikema et al.(1976) compared 18
freshwater species to a synthetic mixture derived from No. 2 fuel
oil (Table 1). Daphnids were the most sensitive species tested

in this series. However, similar to many other studies, actual



Table 1. Comparative tolerance of selected freshwater

invertebrates and fish exposed to an arbitrary reference mixture

(ARM). The LC50 data are expressed as multiples and fractions of
the ARM (From Buikema et al. 1976}.
LC50

Organism 24h 48h 96h
Snail

Physa sp. 9.2-22.0 7.8-20.0 6.4-19.0

Helisoma sp. 7.4 7.4 -—

Nitocris sp. 3.7 1.9 1.8

Gonobasis sp. 4,6-7.4 4,5-4.9 0.37-3.3
Amphipod

Ganmarus sp. 5.6 3.2 1.3
Crayfish

Cambarus sp. 7.5 - ———
Water flea

Daphnia pulex 0.11 0.07 0.03

Daphhia macgna 0.16 0.06 -
Worms

Dero sp. 5.6 5.6 5.6

Tubifex sp. 1.8=-5.6 1.8 0.21-0.56

Stylaria sp. 6.0 ——— 6.0

Aeolosoma headleyi 8.3 3.0 4.0
Planaria

Dugesia tigrina 4.9-6.3 2.0 1.6-2.0
Rotifer =*

Philodina acuticornis 1.0,6.0 1.0,6.0 1.0,6.0
Mosquito larvae

Aedes aegypti

3rd instar 2.3 —— 1.8
1st instar 0.5-0.8 -—— ———

Fish

Rainbow trout 4.0 4.0 ———

Bluegill sunfish 7.4 —-—— 5.6

Goldfish (ORSANCO) 7.8 7.0 6.4

* Two levels of effect



measured exposure concentrations in this comparison were not
documented.

In general, research is needed on the toxicity of oil to
freshwater invertebrates, particularly to organisms existing in
the aquatic sediments. In addition, environmental consequences
of oil spills require attention. All case histories cited in
this review highlight the need for detailed, integrated, long-
term assessments following oil spills. When an accidental spill
occurs, it is often difficult to allocate funding in an expedient
manner in order to begin immediate assessment of spill-related
effects. In such cases, valuable information is lost as was the
case in this study, which was not initiated until 6 months after
the oil spill. Our current understanding of oil-related problems
does not allow accurate predictions of fate and effects of oil in
a freshwater system. Similarly, the rates of ecosystem recovery
to previous levels of diversity, dominance, and abundance have
not been adequately studied. The available data suggests that
this may range from three months to several years. As petroleum
and petroleum products continue to enter the freshwater
environment, studies on fate, effects, and recovery will be of

critical importance.



Results and Discussion

Benthic Community Analyses

As with many large rivers, the Gasconade is a complex
ecological system containing over 300 benthic species identified
during this study and the earlier reconnaissance studies of MDNR
(Appendix B). From the 389 samples collected during this study
from July 1989 through June 1990, 247 species were identified. To
evaluate potential adverse effects from the oil spill,
information was assessed both descriptively by summary of
ecological indices and statistically through the use of log-
linear models. Total number of organisms, species composition,
relative abundance, diversity, and several other indices of
environmental perturbation were examined separately for backwater
areas and riffles. Effects of the oil spill on five functional
feeding groups as well as on 13 major taxonomic categories were
investigated. Four of the functional groups --- categories of
Shredders, Scrapers, Predators, and Collectors --- were observed
in a sufficient number of samples for statistical treatment.
Major taxonomic categories were defined as Annelida, Mollusca,
Crustacea, Ephemeroptera, Plecoptera, Hemiptera, Odonata,
Megaloptera-Lepidoptera-Neuroptera, Tricoptera, Coleoptera,
Chironomidae, other Diptera, and other Taxa.

No effects related to the o0il spill were evident in samples
collected from riffles during our study. Shannon Diversity Index
of samples from riffle habitats ranged from 1.3 to 3.2 with no
consistent differences between upstream and downstream locations

(Appendix C). Organisms in taxonomic groups such as Mollusca,



Ephemeroptera, Tricoptera, and Coleoptera were most abundant
(Appendix D). The EPT Index included in Appendix C represents
the total number of distinct taxa within the orders
Ephemeroptera, Tricoptera, and Plecoptera and summarizes taxa
richness within these insect orders, which are generally
considered to be sensitive to pollution. For all riffles, this
EPT index ranged from 8 to 27 and did not differ consistently
among locations. Furthermore, the ratio of EPT to Chironomidae
abundances, which represents a measure of community balance,
indicated that riffle communities at all locations were dominated
by the pollution-sensitive groups (Ephemeroptera, Tricoptera, and
Plecoptera) and not the more tolerant Chironomidae (Appendix C).
The functional groups of Shredders, Scrapers, Predators, and
Collectors were present in the riffles at all locations.
Organisms in the Scraper and Collector groups were most abundant
(Appendix E). Analysis of functional group data with log-linear
models did not suggest any significant effects from the spill.
Backwater areas were generally dominated by the taxanomic
groups Annelida, Mollusca, Chironomidae, and Other Diptera
(Appendix D). These four groups accounted for about 90% of the
organisms collected in the backwater areas. Because of the low
relative abundance of other taxonomic groups, effects related to
location were not immediately apparent. A log-linear analysis
similar to those described in Appendix B was used to assess the
number of taxonomic groups and number of organisms in the
backwater areas. The analysis revealed that the probability of

collecting a sample with a small number of taxa and a small



number of organisms was significantly greater at sites 6 and 7
(below the spill) than at other sites. For sites 8 and 9,
however, there was a high probability of collecting a large
number of organisms, but not a large number of taxa. That the
high probability of observing a large number of organisms for
sites 8 and 9 was caused by great abundances of only a few taxa
is illustrated in plots of the ranges of Shannon diversity
indices for these sites during each sample period (Figures 2-4).
Although the probability of collecting a large number of
organisms may have been greater at locations 8 and 9 than other
locations, diversity was extremely low. As Figures 2 and 3
clearly indicate, diversity was consistently lower during
Period 4, 5, and 6 in sites 6, 7, 8, and 9 than in any other
locations. Sites 7, 8, and 9 also remained low in Period 7.

The general relationship of higher diversities in upstream
as compared to downstream locations (8 and 9) appears to hold in
Figure 4, however, maximum values of diversity indices for all
locations are greatly reduced as compared to values in previous
sample periods (Figures 2 and 3). These values reflect the
effects of severe flooding in May on the backwater communities.
Flooding completely scoured riffle habitats in May and because of
lack of recolonization, riffles were not sampled during June. It
is apparent that the number of species in backwater areas were
also greatly reduced. Unfortunately, June 1990 was the final
sample period of our study. Because of the persistent effects on
diversity documented at downstream sites in previous sample
periods, additional samples to determine rates of recolonization

in these areas would have been informative.
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Statistical analysis of Shredder and Scraper functional
groups in the backwater areas showed significant effects related
to the o0il spill. Abundance categories used in log-linear models
were zero organisms, a small number of organisms, and a large
number of organisms. These analyses indicated that the
probability of obtaining a sample containing no shredders was
significantly higher for locations 7, 8, and 9 than for other
locations (Table 2); there was also a high chance of collecting a
small number of organisms from this functional group at site 6.
Analysis of the abundance of the functional group Scrapers also
indicated effects consistent with a hypothesis of lasting damage
from the o0il spill. The probabilities of obtaining a large
number of organisms were high for locations 2 and 5 and
significantly reduced for locations 6 and 7 (Table 3). Parameter
estimates for location 5 were consistently similar to those for
upstream locations and consistently disimilar to those for
downstream locations. Values calculated for the Shannon
Diversity Index also exhibited this pattern, indicating that
samples from location 5 were more similar to samples from sites
above the spill than to those from other sites below the spill
(Figure 2-4).

Information from reconnaissance studies conducted by MDNR
are included in Appendix F, but are difficult to interpret based
on the lack of replication of samples. These numbers do
represent the only information available on the spill prior to
initiation of our study in July. Total number of organisms and

taxa richness in riffles were lower in the most downstream



Table 2. Log-linear analysis for Shredders from backwater areas.

Functional Group 1

(Shredders)
Zero Small Large Main Effects
Location
Location
1 -0.644 -0.633 1.278%% -0.223
2 -0.221 -0.165 0.386 0.147
3 -0.668* 0.262 0.406 0.053
5 =0.833~* 0.025 0.808%* -0.034
6 0.345 0.524* -0,869% -0.022
7 0.832%% 0.025 -0,857%* -0.034
8 0.607% 0.171 =0.778%* 0.011
9 0.583% -0.210 -0.373 0.101
Period Main Effects
Period
q Q0,395%* -~0.390%* -0.005 0.025
5 -0.417%* 0.238 0.179 0.003
6 0.157 —-0.384=* 0.227 0.028
7 -0.503%* 0.210 0.293 -0.016
8 0.368* 0.326 =0.694** -0.040
Main effects
Organism -0.102 0.168 -0.066

* if estimate/standard error > 1.96
** jf estimate/standard error > 3.00



Table 3. Log-linear analysis for Scrapers from backwater areas.

Functional Group 2

(Scrapers)
Zero Small Large Main Effects
Location
Location
1 -0.507 0.019 0.488 -0.043
2 -0.250 -0.265 0.515%* 0.041
3 0.116 -0.498% 0.382 0.122
5 ~0.017 0.541* 0.558%* 0.054
6 1.247* 0.154 =1.402*%* -0.040
7 0.133 0.626% -0.758* -0.096
8 -0.211 0.350 -0.139 0.002
9 -0.510 0.154 0.356 0.040
Period Main Effects
Period
4 0.026 0.285 -0.310 -0.009
5 -0,240 -0,051 0.291 -0.031
6 =-0.243 =0.,025 0.268 -0.022
7 0.004 -0.366 0.361» 0.013
8 0.453* 0.157 -0.610%* 0.049
Main effects
Organlism -0.683 0.495 0.188

* if estimate/standard error > 1.96
** if estimate/standard error > 3.00



location, Zone 5 (our Site 9) during the early and late March
sample periods. In addition, values for community loss
coefficients generally increase in downstream locations. However,
similar effects did not occur in backwater samples. The
inability to assess the relative variability of these numbers
within and among locations greatly limits the interpretation of
this information.

Water Quality and Contaminants

Similar to many other Missouri streams, the Gasconade is a
moderately hard, well buffered river with pH ranging from 8.0-
8.6. During our study, hardness ranged from 170-200 mg/L as
Caco, and alkalinity ranged from 160-180 mg/L as Caco, with
no differences among locations. Although some seasonal effects were
evident in levels of nitrogen and phosphorus, no differences
existed among locations. In most cases, concentrations of
nitrogen and phosphorus remained at or below detection limits
during our study (MDNR database).

Concentrations of total petroleum hydrocarbons (TPH) in the
sediments were variable within locations (Figures 5-9), but
during the year following the spill concentrations were generally
higher in the backwater locations downstream from the spill than
in the upstream sites. TPH concentrations in backwater locations
upstream of the spill were less than 80 mg/kg while concentrations
as high as 9500 mg/kg .(site 8) were recorded downstream.

A general decrease in TPH concentrations over time occurred
in backwater areas (Figures 5-9). Declines in TPH concentrations
at sites 6, 7, and 8 were evident 7 to 10 months after the spill,

however, TPH levels at these three locations were not



Figqures 5~%. Means and ranges of TPH concentrations {mg/kg} for
replicated samples (@) and Iindividual TPH values for unroplicated
samples {A} collected from backwater locations after the oil
spill. Values included in these figures represent samplas
collected as a part of this study as well as additional samples
collected by MDNR. A summary of total number of replicatee and
actual maximum and minimum values are included in Appandix G.
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consistently below 80 mg/Kg (the maximum observed value for
upstream sites) until 15 to 18 months after the spill (Table 4).
Maximum observed values for site 9 still exceeded 80 mg/Kg after
24 months.

During the time of our study, hydrocarbon concentrations at
site 5 were similar to concentrations in upstream locations.
Hydrological conditions of the river at this site provided a slow
steady current and would have prevented settling of o0il residues
in this area. The low levels of TPH at this site also coincide
with the apparent lack of invertebrate response at location 5
noted earlier.

Measured concentrations of TPH in riffle samples did not
differ substantially among locations by July 1989 (about 6 months
after the spill), and sampling of riffle areas was discontinued

at this time.

Synthesis

After 18 months, effects of the Gasconade River oil spill
are evident in the backwater areas at the four most downstream
locations. Although concentrations of o0il in the sediments have
diminished, diversity of backwater communities in sites 6-9 have
not changed appreciably. The functional groups of Shredders and
Scrapers have been either eliminated or reduced in number in
samples collected from these locations. The probabilities that
no Shredders will be found in samples from sites 7, 8, and 9 is
significantly higher than the same probabkilities for other

locations. The probabilities that a large number of Scrapers



Table 4. First sampling dates at which measured TPH
concentrations in backwater areas of locations downstream from
the spill site reached levels of 80 mg/kg or less.

spill are in parentheses.

Months after

Location First Date

Minimum < 80 mg/kg

First Date
Maximum < 80 mg/kg

4 11-01-89%
5 5-02-89
6 7—-26-89
7 3-26-90
8 6-21-90
9 6-15-90

(11)
( 3)
(7
(13)
(18)

(18)

11-01-89
6-05-89
10-15-90
6=-06~90
6-21-90

N/A

(11)
( 6)
(23)
(18)
(18)

(24+)




will be found in sanples from locations 6 and 7 are significantly
less than those for other locations. No effects attributable to
the 0il spill were identified in riffle habitats.

The impact of flooding during May 1990 was evident in
relative abundance and dlversity of organisms from all locations.
The high flows and effective scouring of the river may initiate
recovery of the backwater downstream areas. Based on conclusions
in this report, additional monitoring of backwataers may be
informative., However, such monitoring should be conducted with a
design similar to that used in this study. Replication of

sampling in a study of this nature is essential.
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Appendix A

Detailed rationale and explanation of construction of log-linear
models for statistical analysis of macrecinvertebrate data.



DATA ANALYSIS FOR GASCONADE RIVER BENTHOS STUDY

Statistical analysis of data from a large environmental project such as the survey
of benthos abundance on the Gasconade River may be considered to involve three major

parts:
1. Identification of Relevant Factors
2.  Assignment of Probability Structure
3. Construction of Appropriate Statistical Hypotheses

These three overall components of the current analysis, along with the numerous details
subsumed by each, will be discussed in turn. A thorough discussion of these topics is
somewhat laborious, but is necessary because the overall question to be addressed -- the
long-term “impact” of the 1988 o1l spill on the benthic fauna of the Gasconade River --

is poorly defined in statistical terms.

1. Identification of Relevant Factors

Benthic samples were taken at a number of locations on the river at a number of
times throughout 1989 and 1990. DBenthic fauna may differ both spatially and
temporally in a river without regard to the effects of an environmental perturbation, so
that both location and sampling period become factors of interest in the study. The
perturbation under examination, the oil spill, is confounded with differences among
individual locations in that one location either experienced the oil spill or did not. For
this reason, as will be reiterated later, hypotheses constructed around the effects of the
oil spill must be formulated in terms of consistency among locations subjected to like oil
conditions and inconsistency between groups of locations. Nevertheless, the unique
characteristics of each location must be considered so that differences between groups of
locations are not attributed to the effects of oil unless inherent variability among
locations is insufficient to account for those differences. Such an approach is necessarily

conservative, but is dictated by the physical realities of the situation.

The assertion that the question of determining whether or not the benthic
community has been impacted by the oil spill is poorly defined in statistical terms is
the direct result of the absence of a readily available response measurement. That is, it

is difficult to know how one measures the “impact” of environmental perturbation to a



bentbic community in a manner that can be agreed upon and interpreted by various
parties. Certainly a wide variety of quantities have been suggested to represent various
aspects of community composition; these include indices of diversity, evenness, pollution
sensitivity, taxonomic loss, similarity, and dissimilarity, among others. It must be
acknowledged that agreement on the usefulness of such quantities, either individually or
as a concept, does not currently exist. Use of a wide variety of potential response
variables leads to prohlems in interpretation and independence of results, and thus
remains a poor approach to probabilistic analysis. The view adopted here is that in
such a situation the entire concept of a response variable is tenuous, and that
assessment of the associations among measured quantities and relevant environmental
conditions provides a cleaner avenue to meaningful interpretation than does
construction of an arbitrarily defined response. The measurements made during this
project were counts of benthic invertebrates, and it is these counts that constitute the
remaining factor of interest. While summary quantities reflective of community
composition are a source of confusion and disagreement, the concept that different
species and taxonomic groups play different roles in the functioning of a community has
received wide acceptance. Because an environmental perturbation may affect these
groups differentially, counts of the number of benthic invertebrates were considered
separately for four functional groups: shredders, scrapers, predators, and collectors.

Raw counts of the number of organisms in these groups were used rather than relative
abundance so that independence could be reasonably assumed among the individual

analyses,

Consideration of the objective and design of this study have led to the

identification of three main factors of interest:
i)  Location
ii) Sampling Period
iii) Invertebrate Numbers

The factor of location provides the necessary means to identify an effect of the oil spiil
although, as previously indicated, such identification requires an effect detectable above
and beyond what might reasonably be produced by inherent variance among locations.
The effect of time is reflected in the factor of sampling period and, although one would
certainly anticipate a detectable difference in the benthic community at different times,
the questions of interest will center on the interaction of time with the degree of
association between the other two factors. That is, in order for any potential effect of

the oil spill to be separated from potential effects due to time, association between



location and invertebrate numbers indicative of oil effects must not further be
influenced by time differences. For detection of any potential oil etfect, time as
measured by sampling period may be associated with invertebrate numbers but must
not be associated with the association of invertebrate numbers to location. The third
factor 1dentified 1s counts of invertebrate numbers in each of four functional groups.
Counts were used in this analysis because of the lack of a readily interpretable response

variable.

2. Assignment of Probability Structure

Assigning a probability structure to this problem involves three interrelated
components: definition of the random variables; assumed probability distributions of

those variables; and determination of the statistical model to be used.

2.1 Definition of variables and random variables

Identification of the relevant factors to be considered leads directly to definition
of the variables and random variables involved in the analysis. For the factor of
location, a non-random variable with 9 discrete values is immediately identified. But
because samples were taken from both riffle and backwater areas, and different
sampling techniques were necessarily used to obtain these samples, any analysis must
account for differences between riffle and backwater areas. It is well known and
accepted that different ecological conditions in riffle and backwater areas result in
distinct benthic communities. Thus, separate (but parallel) analyses were conducted for
riffle and backwater samples. Two locations contained only one of these habitat types,
one location having only riffles and one only backwater. The result is a location
variable having 8 discrete values for each of the analyses. For each analysis, regardless
of whether riffle or backwater samples were involved, the variable of location will be
indexed as L;, j=1, ..., 8. The specific river locations thus identified by the index j will

differ according to whether the analysis includes riffle or backwater samples.

For the factor of sampling period, a non-random variable with 5 discrete values
is identified. Decause heavy rains resulted in all riffle areas being inaccessible for the
final sampling period, the analyses conducted with riffle samples have only 4 values for
this variable. In addition, certain riffle and backwater locations were not accessible at
certain sampling periods, resulting in observations of zero counted invertebrates not
because such were observed but because of the sampling design. In the analyses

conducted, these observations are known as “structural zeros”. Sampling periods



identified in this report as periods 4, 5, 6, 7, and 8 will be indexed as P;, i=1, ..., 5 for

backwater samples and P, i=1, ..., 4 for riffle samples.

The factor of counts of invertebrate numbers is the only identified factor of a
random nature involved in the study. Several choices present themselves for definition
of a random variable, the most obvious being to simple define a random variable as the
number of organisms within a functional group, indexed to location and sampling
period. But the characteristics of the overall problem argue for an alternative approach
in which the number of organisms are grouped into abundance categories. First, each of
the other factors readily define categorical variables so that the problem 1s perhaps best
approached from the theory of categorical data analysis. Second, the occurrence of
numbers of organisms in the mid-range of the overall productivity of the Gasconade
River lack interpretability relative to the effects of the oil spill. Yet differences in this
range of number of organisms could well produce statistically detectable differences
among locations. Finally, the problem of assessing the impact of the oil spill on the
benthic community lacks a well-defined response, as previously alluded to in Section 1.
For these reasons abundance categories were created separately for each functional

group according to the following rules:

i) Three abundance categories were created into which each replicate
sample of organisms taken at a location in a sampling period could fall.
While arbitrary, three categories were used because this seemed the
maximum number possible with five replicate samples.

ii) To allow the analysis to proceed on a basis which accounted for the
overall benthic abundance on the Gasconade River, abundance categories
were created relative to the total population of all sampling locations
over all sampling periods.

iii) To accentuate the total disappearance of a functional group, the lowest
abundance category was defined to be zero organisms if greater than
10% of all samples had zero organisms for that functional group. The
remaining categories were then defined as number of organisms helow or
equal to the median for all samples with positive counts, and number of
organisms greater than this median. The median value for number of
organisms was calculated after exclusion of samples with zero counts.
Thus, if greater than 10% of all samples had zero counts for a functional

group, the abundance categories for that group were defined as Zero



(being equal to no organisms), Low (being less than or equal to the median
number of organisms for samples with positive counts), and High (being
greater than the median number of organisms for samples with positive
counts).

iv) If less than 10% of all samples had counts of zero for a given functional
group, the abundance categories for that group were defined as less than
or equal to the first quartile, greater than the first quartile but less
than or equal to the third quartile, and greater than the third quartile.
That is, for a given functional group, if {}; denotes the first quartile
(or 25th percentile) of all counts and 3, denotes the third (or 75th
percentile) the abundance categories for that group were defined as
Low (count < Q,), Middle (Q; < count < Q), and High (Qa < count).

These abundance categories for counts of number of organisms in a given functional

group thus defined a categorical variable O,, k=1, 2, 3.

The three factors of period, location, and organism abundance were used to
create a three dimensional contingency table for each functional group with 96 cells for
riffle samples (4 periods x 8 locations x 3 abundances) and 120 cells for backwater
samples (5 periods x 8 locations x 3 abundances}. The random variable to be analyzed
was defined as the number of observations or individual samples falling into cach of
these cells. The entire project involved a total of 8 separate analyses (4 functional

groups for each riffle and backwater samples).

2.2 Assumed probability distribution

The probability distribution assumed to hold for each of the 8 analyses 1s that of
one multinomial distribution with 96 or 120 categories for riffle and backwater samples,
respectively. It could be argued that each analysis constitutes a series of trinomial
distributions, one for each sampling period and location combination. The reasons for
assuming one overall multinomial rather than a series of trinomials are that (1) cell
frequencies are missing for location-period combinations in which high water prohibited
access, and (2) the counts of invertebrate abundance are considered characteristics of
the samples rather than a response to explanatory factors. The first point results in
unfixed marginal totals for the overall contingency table in each analysis, emphasizing
the non-experimental nature of the benthic survey conducted. The second point

foreshadows the factor-response structure discussed below and provides an indication



that the statistical hypotheses of interest will be hypotheses of independence rather than
hypotheses of homogeneity.

2.3 Determination of statistical model

The 1issue of factor-response structure in a statistical model has been alluded to
several times in the preceding sections, where it was indicated the current analysis
eschews the concept of a response variable. The essence of this issue may be described
by contrasting a one response, two factor situation with a three response (or three
factor) situation. In a categorical framework, the former generally models the
probability of observations falling into various response categories -- or a function of
those probabilities -- as a linear additive function of the explanatory factors. The
statistical hypotheses used in this situation center on the question of homogeneity of
those response probabilities across levels of the two factors. This one response, two
factor situation implies a certain amount of control was available over the levels of the
two explanatory factors, as well as requiring a clearly interpretable response variable.
In dimensions of greater than two, such models are heavily dependent on the particular
parametrization used, and interactions which are discovered during the analysis rather
than hypothesized a priori can cause interpretational difficulties. In contrast, the three
response structure treats the data as having arisen from a survey or cross-sectional
design in which all three factors represent characteristics of the individual sampling
units. In this way, all three variables are treated symmetrically. The statistical
hypotheses used in this structure center on the questions of independence and
conditional independence of the three factors. The distinction between these two
approaches (one response versus multiple responses) is often overlooked as the two
approaches are entirely equivalent in the case of two dimensional contingency tables.
But for three dimensional tables, such as those considered here involving sampling
period, location, and organism abundance, hypotheses of homogeneity and independence

are not equivalent.

The general statistical framework developed to deal with questions of dependence
among multiple categorical factors is that of the log-linear model. Assuming one
multinomial distribution for the number of samples falling into the cells of a
contingency table, the log-linear approach models the logarithm of the cell probabilities
(or equivalently the logarithm of the expected frequencies) as an additive, linear
function of effects associated with all of the factors included in the study. A total of

eight log-linear analyses were conducted in this study, corresponding to the



combinations of the four functional groups with riffle or backwater samples. The

general structure of these models 1s given following the notation used by Bishop,

Fienberg, and Holland (1975).

2.3.1 Notation

Define the following parameters to represent effects of the three factors sampling

period, location, and organism abundance:

Parameters Index Range Effect Represented
Ui i=1, .., 1 Sampling Period
Uaes =1, ..., J Location
Use k=1, .., K Organism Abundance
Uizii 1,j=(1,1), ..., (IJ) Period x Location
Uiaainy ik=(1,1), ..., (LK) Period x Abundance
Usagsny jk=(1,1), ..., (J,K) Location x Abundance
Uyaaiiie ij,k=(1,1,1), ..., (I,J,K) Period x Location x

Abundance

For riffle analyses, I=4 (periods 4, 5, 6, and 7), J=8 (locations 1, 2, 3, 4, 5, 7, 8, and 9),
and K=3 (abundances Small, Middle, and Large in each case). For backwater analyses,
I=5 (periods 4, 5, 6, 7, and 8), J=8 (locations 1, 2, 3, 5, 6, 7, 8, and 9), and K=3
(abundances Zero, Small, and Large for functional groups shredders and scrapers, and
Small, Middle, and Large for predators and collectors).

2.3.2 Saturated model

Given the above notation and using £,;,= log(p;;:) where p,;, is the probability
of an observation falling into the i,j,k** cell of the contingency table described by
sampling period, location, and organism abundance, the saturated log-linear model for

each of the eight analyses may be written as
Lizg = U + Uyt Upjy+ Usyt Uiyt Uisan+ Usainy+ Utzagse

Parameter restrictions on this model are that each parameter group sums to zero across
any subscript (e.g., =, Uiy = X, Uy = Z; Urayy = 0 ). Thus, this saturated



model includes as many parameters as the number of cells in the table and the
parameter estimates, while unique, are simply another representation of the observed

cell frequencies.

2.3.3 Model construction

The model building process proceeds in a manner that may be described as
backwards elimination. That is, parameters are eliminated from the model if they do
not sufficiently decrease the measure of discrepancy between observed and fitted data.
The measure of discrepancy used was the likelihood ratio chi-square statistic, which is
necessarily equal to zero for the saturated model. Initial selection of candidate models
was based on a screening of terms through tests of partial and marginal association
(Brown 1976). Under suitable regularity conditions the nesting {or additive
decomposition) property of the likelihood ratio statistic provides asymptotic chi-square
tests for the significance of individual parameter values. Given two competing models,
each with non-significant likelihood ratio goodness of fit tests, tests for the significance
of particular parameters were constructed using the difference in likelihood ratio
statistics. The parameter constraints given in Section 2.3.2 may be considered to define
an “internal constraints problem” so that maximum likelihood estimates are also
minimum discrimination estimates (Read and Cressie 1988). In addition, the model
building strategy used in these analyses followed the hierarchy principle. That is, if any
term was deemed significant in the model then its lower order relatives were also
included in the model (see Bishop, Fienberg, and Holland 1975 for a complete

discussion).

3. Construction of Statistical Hypotheses

The statistical hypotheses of interest are those of association or, more precisely,
partial association. The hierarchy principle implies that no simplification of the
saturated model is possible if the three-way interaction term U, ,;; ;) cannot be

eliminated from the model. The first hypothesis tested in each analysis was thus

H,: U123(ijk) =0, all 1,3,k
Given acceptance of this hypothesis, the two-way interaction terms were tested using
the difference in likelihood ratio chi-square statistics between models in which two-way
terms were included and eliminated. That 1s, if Q represents the full parameter space

for the saturated model, reduced models may be identified by the subspaces



0, 2y, ... etc. such that Q, ¢ @, c ... ¢ 2. For example, the parameter spaces
corresponding to the test of no three-way interaction given as H, above are the full
saturated model space which contains IxJxK parameters, and the reduced space having
only IxJxK—(I-1)x(J-1)x(K—1) elements. Then the likelihood ratio chi-square
statistic for testing the hypotheses

Hy: U e versus Hy: U e,
is given b S .
& y sup likelihood for model with parameter space €
- 2lo ey
h & sup likelihood for saturated model with parameter space £
ue}

and for Om C 2, a test of the hypotheses
Hqo: U €, versus Hy: U € Om

is given by
T=G% -G} with degrees of freedom dim(Q2,) — dim(Qm) .

Although each of the three factors period, location, and organism abundance are
treated symmetrically in the analysis, one two-way interaction term has special meaning
in the context of the study. This is the interaction or partial association of organism
abundance with location, and this interaction may the called the study association
(Freeman 1987). Inference about the impact of the oil spill on the benthic invertebrate
community 18 based on the significance and consistency across location of this study
association. Explicitly, the study association in both riffle and backwater analyses

involves (J—1)x(K-1) = 8x3=24 parameters corresponding to the following effects:

Parameter Effect
Uizay) Location 1 x Abundance Class 1 Effect
Usa12) Location 1 x Abundance Class 2 Effect
Ua3) Location 1 x Abundance Class 3 Effect
Uiz Location 2 x Abundance Class 1 Effect

Ulaes) Location 8 x Abundance Class 3 Effect




In a log-linear model, these parameter terms are generalizations of average odds ratios,
and thus reflect the odds of obtaining samples with different organism abundances at
the various locations, after adjusting for the effect of sampling period. A hypothesis
constructed to test for detectable effects of the o1l spill must be formulated in terms of
consistency of study assoctation parameters among locations subjected to like oil
conditions and inconsistency in these parameters between groups of locations.
Specifically, to infer that the oil spill has resulted in a decreased probability of finding a
high number of organisms in a particular functional group, parameter estimates of
location x high abundance class effects must be negative for all or almost all locations
below the oil spill and neutral or positive for all or almost all locations above the o1l
spill. Alternatively, we may have parameters for location x low (or zero) abundance
class effects positive for locations below the spill and negative for locations above the

spill.

Finally, the substantive interpretation of model parameters and tests of those
parameters should be noted. The log-linear models constructed in the eight analyses of
this study are models for the log probability of an observation falling into a given
period x location x abundance category. As a result, the interpretation attached to the
parameter estimates is an effect on the probability of a certain occurrence, rather than
an effect on the average level of a continuous variable. A significant negative parameter
estimate for a given location x high abundance term does not imply that less organisms
are expected in that location for every sample, but rather that the probability of
obtaining a sample with a high number of organisms is decreased for that location

relative to the set of all locations considered.



hppendix B

Average abundance for all samples collected on the Gasconade
River by MDNR reconnaissance sampling {March, May, and June 1989}
and by this study {July 1989 - June 19%0}. This table alsco
represents a complete species listing for the both studies.

Symbols are: e less than 5 individuals/sample {rare)
/ 5 - 50 individuals/sample {(common}

X greater than 50 individuals/sample {(abundant)
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Appendix C

I. Sample period (4-7), Location {1-9}, Replicate {(1-5), EPT
Index, EPT/Chirconamidae ratio, Shannon Diversity Index (Hj,
and Evenness of Relative Diversity (J} for riffle sanmples.

I1I. Sample periond (4-8), Locatien (1-%}, Replicate {1~5), Shannon
Diversity Index (H), and Evenness or Relative Diversity {(J}
for backwater samples.
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RIFALE SAMPLES
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RIVERFITY AMD EPT TMDICIEY

RIFFLE SAGLER
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HIVERSITY AND EFT INDIEIER

RIFPLE SARPLES
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Appendix D

Sample peried {4~7}, Lacation (1~9}, Replicate {1~5}, and
relative abundance of Annelida {RTaxl}, Mollusca {RTax2},
Crustacea (RTax3}, Ephemergptera {RTax4}, Plecoptera {(RTax5},

Hemiptera (RTax6), Odonata (RTax7), Megaloptera~Lepidoptera~

Neuroptera {(RTax8), Tricoptera {(RTax?), Coleaoptera (RTaxl0},
Other Taxa {(RTaxl1ll), Other Diptera (RTax12}, and Chironomidae
{RTaxl3) for riffles

Sample period {4-8}, Location (1-9}, Replicate (1-5}, and
relative abundance of Annelida (RTaxl), Mollusca (RTax2},
Crustacea (RTax3), Ephemeroptera (RTax4}, Plecoptera {RTax5;,
Hemiptera {RTax6), Odonata {RTax7}, Megaloptera~Lepidoptera-
Neuraptera {(RTax8}, Tricoptera {(RTax2), Coleoptera (RTaxl0},
Other Taxa {RTaxll), Other Diptera {RTaxl2}, and Chironomidae
{RTax1l3) for backwaters.



TAXONOMEC CROLP RELAYIVE ABLIMDANCES
RIEFLE SANPLES
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4 5 2 2.0 a.28 0.90 559 0.0% a ¢.00 0.09 C.0t 9.4 .0k 2.0 g0
A B 3 4.00 .21 4.0 u.38 0.01 8 0.00 D.00 3.0t 0.1% g.02 0.00 0.0%
& J . 0.0t 0.27 6.04 0,39 C.00 G J.00 a.00 0.02 2,1¢ G.Bé 0.0% £.05
" 8 % 0.00 Q.48 0.00 £33 0.3 i} a4.00 a.00 0.3 1.3 0.0% 0.00 1.0
b 9 1 4. Q.50 g.0q 0.23 0.00 a .02 0.00 2.03 4.10 G.0% G.) 0.0R
4 v 2 0.0% 0.29 0.0 0.50 2.0 0 0.09 0.01 3.06 7.11 8.40 0.0g 6.01
5 ¢ I 0.0t 0.25 0.1 0.48 7.480 2 a.00 a.09 0.07 0.13 0.0% J.0% C.00
4 % 4 D.00 0.52 b.00 0.52 0.02 a 0.9% a.79 0.03 3.08 2.0t o.00 0.0¢
" ? b 0.02 0.59 .09 0.43 0.3 o 3.0 o.M .08 o.o9 n.o2 0.00 0.02
& £ 1 0.08 .14 D.og 3.43 .04 1 4.00 1.3 d.04 0.10 2.02 0.90 0.13
k 1 d 0.02 Q.20 0.0 n.48 0.03 § Q.00 a.q 0.03 4.1 0. 04 9.00 a.08
5 ¥ 3 2.0 a.ns 9.00 0.84 0.08 a 0.0% J.00 2.03 1.08 0.0% .00 0.08
5 H 4 9.0 0.05 .09 0.7 g.a3 0 5.00 0,00 3.05 9.09 5.0% B.0a D.G&
% 1 % o.m 9.0% 0.0 0,72 I 3 a.01 J.0% a,08 0,10 8.1 0.90 £.05
LS 2 1 3.02 0.2 D.0% B.47 o.M 0 0.00 g.q0 4.05 .17 0.0% 0.00 G024
5§ 2 2 n.od 0.38 a.00 0.45 g.0% 0 5.0a 0.00 .05 8.07 2.0 6,09 0.0t
3 é 3 0.0 0.4 4.1 C.40 J.00 2 0.0 0.00 3,03 2.19 o.M 0.0g 0.02
S E] ]

] 2 %

;] 3 1

5 3 2

3 3 3
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TANCHONIC GROUP RELATIVE ABLEDANCES
RIFFLE SAMFLEE

FERIOD LCC REP RTAX!  RTAX2 RTAKN  XTANS RTAXS  RTAXS RTAK7 RTAKB RTAKY RTAXID RTAXE] RYAX1Z  2raxid

5 3 4 0.0Q 0.14 $.00 0,82 5.0% £, 00 0.01 4.00 a.08 4.95 0.01 1,60 3.04
3 3 3 3.00 Q.27 a.no Z. .03 c.oa 0.00 0.Q0 G, 0k .08 J.0% .00 3.0%
5 A 1 9.10 0,04 0.0o 3.47 0.03 c.o0 7.0 (.00 0.0d4 .08 Q.G 0,01 2.22
5 4 2 9.09 2.13 J.0% 0.51% J9.03 C.a 2.91 0.00 2.10 0.m Q.02 9.00 0,04
3 & 3 J.0% 2.32 4.6 1.1 G.o0 0.00 J.d0 J.00 0.08 0,04 I.02 7.9% .15
) A X n.0% 2,27 o.oo 2.28 0.25 0.00 4,00 0.0t 2.03 n.0% 2.0 4.0% .15
5 4 g 0,08 e ) 0.40 4,30 g,10 0.00 a,00 0.q0 2.08 0.0% 3.02 9,0% 5.13
% 3 s 4.0 0.14 1.04 0.43 0.G4 0.00 D.0d 4,00 L4 Q.02 3.00 2.0 G.0d
5 5 z 0.02 0.11 3.00 N | 0,00 0.00 .00 3.00 C.i 0,02 9.01 0.00 §.04
! S 2 0.@ d.02 9.00 C.&7 7.6 Q.00 0.00 3.0 0.1 0.02 0.01 0.0% 4,09
3 5 % o.0 0.09 .00 G.57 7.00 2,00 ¢,00 5.00 2.23 [ | 2.0t 0,00 T 4
5 5 3 J.02 0.13 .00 0.&0 7.00 n.of £.00 0.00 0.20 G,0% J.00 0.00 £}
3 ? 1 3,03 g.m8 3.00 0,78 .00 ©.00 2,02 3.00 0,08 o.m3 2.00 f,00 .04
5 ? P 3. 9.9 4.00 .75 5.0 G,.00 .01 a.on 0.09 0.0% 2.00 . 0.03
5 ? 1 0.03 3.30 4.00 1.7% 0.0 0.0a0 a.0% <.00 0.06 a.02 ;.0m o.0d J.04
% 7 4 3.14 .03 £.00 2.49 ¢.04 Q.00 0.0% 0.00 6.0k 7.01 4,09 5.00 3.07
] 7 z 3.01 5.07 £.08 a.12 0,61 0.00 0.0% 4,00 ¢.08 0.02 .60 3.80 308
] g 3 2.0% 0,03 c.oo 0.7 9.q0% Q.00 0.0% %.00 .04 0,07 a.o01 2.904 3.0%
4§ g Z g, n.08 0.00 L.79 7.ed .04 0.00 .00 G.15 4.02 ¢.00 0.00 7.0%
] 4 i3 £.0% 1.49 9.00 .70 3,01 2,00 7.00 0.00 a.12 5.05 9.00 0.00 2.33
5 ] 4 o.02 HIL a.00 .57 .05 2.40 £.00 0.00 n.or 2.45 0.9% 0.03 14T
5 2 8 .07 G.t0 2.90 0.58 .03 2.00 .0 4.00 a.07 2.08 J.04 6.00 5,06
3 3 1 3.08 C.08 J.00 4,82 .00 2.0@ 2.0 a.00 0.00 0,06 n.00 0.0 1,01
3 9 Z 0.04 0.o7 J.00 0.45 a.01 9,01 0.00 0.00 0.02 G.10 2.1 Q.00 505
g 7 1 0.04 a.2% 2.00 3.41 0.03 .00 9,00 0.30 0.02 0,23 0.0% 2,01 6.03
5 ¥ [ 2.0% 0.2% c.ol 0.48 Gg.p2 4.00 D.0% o.09 2.0 0.17 0.00 3.00 5.0%
5 v 5 7.0% D.24 G.00 0.&3 2.3% 7.09 0.00 G.00 0.8 @.20 o.m 5,04 0.02
G 3 i a.09 g.aa 0.08 C.72 2.0% 0.09 £.00 5.G0 0.0 3.0t u.00 3.00 0.4
5 3 2 0.08 0.0% 2.00 0.6 9.0% 7,00 9.00 0,00 0,03 2.1 9.00 .00 Q.22
& 3 k4 4,06 g.8% J.00 0.80 3,08 0.00 2.04 7.00 0.02 a.0% 0.00 Q.00 0.08
& 3 4 5,04 2.0% 3,00 2.1 0.01 2,00 1,00 a.op 0.3 n,92 4.0 0.00 .17
4 % 5 3.06 2.0% .00 3,583 0.3 G.00 C.80 7.ad 0.05 2.0 1.3 2.00 3.2%
& & 1 0.08 5.04 1.0 3.4% 0.01 4.00 £.0% J.an £.13 0.04 ¢.0 3.0% 4.07
& 3 A 0,238 0,03 9,00 G.50 0,03 7.00 ;.09 2.00 .08 0,04 . 4.04 8.12
& 2 3 0,09 0.05 .00 0.04 .03 £.00 4.8 3.04 .12 d,02 G.00 2.00 G.io
& 4 ] J.th 0.0% 3.00 J.6% 0.03 ¢.00 3.09 3,00 0,04 0.01 0.00 9.0% 2.0%
b A % 0,08 0.16 0,00 3.48 G.02 C.0f .00 3.00 .34 .02 3.0% n,00 7.11
[ 5 1 .M 0.4 .00 5.34 0,05 a.o0 3.00 0.00 0.0 5.02 3.0% 0.00 0.08
4 5 2 0.12 a.05 0,00 Q.44 0.08 J.00 0.00 0.02 0.0 0.00 1,0% 0.00 c.ig
5 k3 1 0.34 0.%0 0.m 0.7 0. D& 0,00 C.00 a.0n 0,08 .00 0.0% a2.02 0.1
A § 4 0.2% 0.%2 0.00 0.26& 0.07 D.00 9.0a 2.00 .14 0.92 g.o2 0.0 .17
- § 5 0.33 0,08 9.54 0.3% 0.06 0.00 .00 g.00 0.30 a.03 £.00 q.00 £.12
& T % 0.03 1.24 3.09 0,22 £.01 u.00 2.00 2.00 9.05 0.02 .00 a.0m L. I7
3 T 2 .10 0.6  £.00 3.44 0,0 G.0a 3.0t 0.00 9,09 0,04 0.00 2.00 1,13
4 7 3 0.08 2.20 0.00 341 1.0 5.00 2.0 0.08 a.ar G.05 0.00 2.00 9.18
& 7 8 .30 2.03 0.00 .80 0.0% AL 4.00 0.%0 0.5 el i 4.0% 5.00 1.13
& T 5 o.08 G.GS Q.00 0,43 0,04 a2.00 0.0t J.00 c.m .04 J.00 0.0a 2,13
I 9 i 0.0§ n.07 0.00 0.D4 .27 2.0n 2.00 (.00 0.1% 2,11 J.00 0.02 Q.29
& g 2 0,0% Q.07 £.00 0.20 ¢.17  o0.08 0.9 0.00 G.09 0.1% 0.0 0,00 7.50
& g 3 0.02 .08 o 0.28 0.20 .00 .08 0.0 0.07 a.0r .00 0.05 6.25
b ¥ & 0,08 0.0% a,.08 0,26 2,24 %.60 Q.00 5,00 2.08 0,04 2.00 g.e4 £.30
) 3 % 3.05 0.87 0.0% 5.42 a.2a 0.00Q 0.0% 0.0 2.18 0.0k G.0a a.0% £.53
4 § ! 2,07 0.12 0.0 3.50 2.00 2,00 0,00 .00 2.18 0,03 0.00 1.92 2.07



TANDUORIC GROUP RELATIVE AHLWDANCES
RIFFLE SAMPLES

FERIOD 00 REP ETAXYT  RTANEZ  RTAMY  RTAEA RTAXS RTANS RTAXT HTAMB  QTAWP  RTANIO RTANE!  RTAXTZ  RTRXYS

7 1 : .ot 4. ik 4.01 4.40 4.08 g b.oo G g2 4,04 2,00 .04 3.05%
7 : 3 5,04 G.05 a.0¢ g. 0.02 0 0.00 g 9.12 ¢,a9 0.0 0.0% 0.4
7 | s 0.0 8,20 2.00 J.41 0.09 g 0.ka ¢ 0.20 7.0% £.00 ¢.0% 3.10
? $ H 0,02 4.1 a.a9 C.47 5.0 a 0.00 a 0. .02 .00 ¢.02 4.8
7 3 } 2.00 ;.05 0.ca 0.54 2.m Q a,u0 b} 7.0¥ 0.0% Q.06 0.2%9 .01
7 bt Fi 0.5 3.08 2.00 3.53 U.02 g 0.0 a o.AT G.0% 4.00 3.8 3.0%
T 3 3 0.0% 0,045 0.0o G.42 0.03 0 .00 a 3.21 1. D 4.00 5.2% 0.9
7 3 & n.pt 5,02 n.oa 2.43 C.00 g 0.0 ] a.97 £.02 9,00 0,04 4.02
T z 3 0.02 4.04 2.00 G.T4 G.00 0 n.0a g 0.30 0,12 ¢.30 .02 $.0&
7 & 1 4.0 c.03 4.0% 0.48 .00 ul 0. a J.%% 0,08 d.01 J.0 3.48
T 4 Fi 0,0k 9.03 3.01 Q. ke 0.0 (] D.0% 0 4,16 C.08 0,60 4,0 .23
g 4 3 0.02 0,27 0.9% u.27 2.0D n G.0 a 1.7% 0.0 0.G3 7.20 0.2%
4 & & J.12 G.04 2.02 2,34 ¢.ot 3 a.02 jul a.14 g.09 4,00 £.0% .14
7 4 5 0.m1 J.04 g.ot .39 5.24 0 0.0% & 2.43 Q.04 .00 .00 .37
T % % 4.08 c.og 0.00 9.87 7.04 ) .01 0 0.0%9 0.04 0.0% 3.00 9.08
? & z 0.08 2.0% J.0a 3.54 c.0Z 4 0.0 6 2,12 5,04 3.00 3.09 3.0%
7 5 3 9,03 a.ao .0t .74 0,02 Q .02 & 3.0T 3.05 .00 3050 Ik
¥ 3 4 3.3 J.0% 0.0Q 2.52 4.0t . 2.0% i 0.06 £.02 .00 3,00 +.97
7 b 3 4.12 .00 .00 .48 .02 L] 0.0g { 0.08 .02 .00 5.0% 3.06
7 7 1 3.10 c.04 £.00 0.4k 2.01 a G.00 a a.3 0,b¢ 1.00 9.13 6.22
k4 7 4 0.12 Gd,.24 3.00 0.49 G.0% 3 0.00 0 0.0% 2.0 3,00 g.ar7 3.55
7 7 3 a.04 4,20 .00 G.53 2.3 a 0.00 3 2.05 0.0 4.00 3,47 0.69
T 7 & 0,04 5.19 2.0% 2.51 z.01 g 0.90 0 0.0& ¢.02 .00 J3.02 215
7 T 5 0,04 1,42 S.o00 ¢.57 6,00 1 5.00 g 0.02 5,00 9.0t ¢.oo 0.4t
7 A 1 2,8 ;.28 5.00 9,39 3.00 ) 5.00 o 9.1% 5.04 3.0% 2,08 ¢.08
T 8 ¢ 0.0 217 2.00 0.67 J.02 9 0.00 o 0.12 £.05 4,00 .05 2.09
7 ] 3 2.0 0.23 0.02 2.3 0.02 0 p,.01 1 0.9T 0.2% L. Uit 0.0t
7 8 & 1.0} 0,24 2,00 J.47 4.00 t 0.00 a 0.07 g.09 2.00 2,92 #.UB
7 8 5 08,00 .86 1.9 0.48 a.0% 0 g.oa J 2.10 2.t0 .08 G.0% 0,05



TAKOMOMIC CROUP RELATIVE ASLMDANCES
SACKUATER SAMPLES

PERIOD LOC  REP RTAXT RYANZ RYAN3  RTAME RIANS RTARSA RTAXT STANMB  2TAND  RTANID  RYANE®  RTANI2  Ryaxid

2.59 4.0% 0.00 0.0G] 0.4d
a.%% 0,02 0,00 9,00 0.C0
G.¥3 .06 5,00 0,00 0.00
.39 0.0% 0.00 .00 .00
0.95 a.n2 .00 5.00 0.an
.38 0.4 C.Oo J.4a0 0.00
.87 0.02 0.0 a.00 .00
0.5¢ 0,02 0,82 0,01 0.om
6.54 0.02 g.00 J.02 0.00
.-} 9.02 . 4.00 0.00 0,cd
0.44 0.02 0.00 a.0% g.00
0.8 0.0% g.08 0,00 0.00
.80 0.0% 0.a0 .09 .00
047 0.0k 0.00 0.04 .00
0,47 5.0 g.og .00 0.04
.40 5.08 2.0% 000 0.00
0,48 0.06 .08 o.oh 3.00
0.30 J.4% ¢.0o 9,17  0.00
2.73 3.00 2.01 3.09 ¢.0%
.39 Q.08 2.00 0.D% 2.00

2.00 da.00 a.G0 1,00 0.00 0.00 .00
n.20 0.00 0.0d d.00 a.pa g.l0 c.04
0.00 3.60 E.00 i3.00 2.0 0,04 0.06G
0.00 8.00  0.00 0.0 4.00 .05 4,00
0.00 0.00 Q.00 4.00 6.00 g.01 0.9
.00 2.0Q 4,00 5.00 g.on 0.0% 0.03
32.00 0.0d 5.00 0.00 7.0 a.or 2.04
0.08 Q.00 ¢.0o 0.34 0.00 f. Db 0.2
G.0a 3.00 2.09 .07 a.0o q.0% 0,32
0,00 9.00 2,00 0.04 9,00 0.G3 9.24
4.00 0.0% 0.01 g.o02 3.0% 0.10 a.40
G.00 9.00 0.0¢ 3,00 0.00 £.08 .30
a.0m 0.00 3.00 .00 9.00 c.0% 0,37
0,00 c.oo 0.00 .00 7.04 0.00 2.28
0.0t Q.00 G.00 0,32 Q.0% 0.61 a.&
d.00 9.00 2.0t 5.0t 7.00 .1 £.%
p.01 C.C9 3.0% 2,02 9,02 0.2 0.1a
a.00 0.04 0.02 o.0% .00 0,07 3,18
j.00 0.00 J3.0Q .00 0.0 4.08 .16
0.0Q c.00 2.00 2.04 a.04d o041 07

& H 1 .23 ¢.oF 5.40 9.0% 0.00 1 00 Dk 2.00 a,00 0.20 2.01 a.aa 0.44
A § P 0.3 a.04 0.0% 0.0 5.460 G 3.00 2.1 6.09 5,10 ¢.00 n.o% Y
4 1 z Q.42 0.3 0.04a .06 3. g 2.00 g.00 0.00 Q.27 G.00 2.01 0.7
4 1 4 v.532 G.12 £.00 5.00 0.00 3 G.00 0.01 3.00 0.18 2.00 0.00 0.1
% ¢ 5 .58 .04 c.00 .00 0.00 ] J.0% a.0% 6.8 0.1 3.46% .00 0,23
4 2 % 3.60 a.a1 0.0% o.a 4.08 0 .00 4.00 0.00 2.05 0.08 0.0z 8.1
4 2 2 m, 42 0.33 o,00 9,01 0.00 g 0.0Q 0.00 g.oo 0.%2 0,00 2,02 3.2%
4 Fd ki 2.58 4.03 o.00 3.0 0.00 a 0,00 0.00 4,00 a,09 d.20 4.02 0.33
% 2 & G.00 C.0% .80 0.00 2,00 4] .00 12.0% 0.0 a.27 0.00 .62 Q. fde
4 2 % 0.4 0,0k Q.00 g.00 3.00 G 2.00 Q.70 J.00 4.04 0.0a J.03 4.26
4 3 i 0.%2 0. 1% o, 5.0 0.00 ] 0.060 0.00 7.00 0.2% 0.00 .04 0.24
4 3 2 B.5% £.07 .00 0.02 o.00 ] a.00 2,00 3.00 7.a7 .00 . 2.26
4 3 L] 0.84 .03 0.00 0.00 5,00 0 2.94 .00 3.00 J.04 2.0 g, 02 v.24
A ] & 1.78 H.02 G.00 0,00 3.00 g 4.4 0.a0 2.0Q 3.0% 0.00 n.9a .13
[y 3 § 0.TH 0.02 .80 3.G3 0.00 G 0.00 4.00 9.08 0.01 c.oa D0.0% 0.17
& pi % 1,50 g.08 3.00 2.0 C.00 ] 4.0 3.0% 0,60 0.0% 4,00 o.to 7.08
i g é 2,63 5.0% 006 .01 %.00 f 3.09 3.60 .00 .10 0.00 8.92 .19
A 5 3 9,43 0.32 g.08 ¢.ox 2.00 2 e.02 3.00 C.00 0.4% 9.0 .85 4.13
& 3 4 L.5% 0.26 .00 0.G% Q.00 g 9,06 4,00 .00 3.04 2.00 0.08 1,048
% 3 5 0.4% 3,14 0.0y 3.04 .00 ] 0.0% .00 J.0% 0.12 3.08 £.00 .14
4 4 1 0.7 0.d2 0.o0 c.02 0.00 0 .00 5.00 7.00 5.02 0.p2 2,02 C.16
[ b P 0.7 0.01 J.04 0.0a c.oo G 0.30 Q.04 ;.o 2.00 J.08 0.050 0.07
4 & 3 a.7 2.08 3.0 J.00 0,0 | 1.00 4.04 n.00 2.00 .00 0.00 a.21
i & 4 .80 .14 0.00 2.00 .00 ] 0,00 2.00 3.40 C.00 0.00 2,00 0.66
4 & 5 a.m: 2,02 0,04 0.0 2,00 (H 0.5 0.a0 5.00 u.00 0.00 z.00 t.ae
& ? M 0.94 3.0 1,00 0.00 0.8d ) 9.00 ¢.0d G.00 5.0 g.ca 0.0 .08
4 7 z 0.7%4 0.a8 g.00 a.m 0.0 0 .00 3.00 2.00 £.00 5,00 G,0% Q.39
T 3 1. 0.02 0.Ga 2.00 2,00 & 0,00 c.00 2.00 G.0d 0.00 J.m .07
7 4 D.97 0.01 2.1 3.0 0.00 a 0.00 £.08 v.00 9.50 9.00 0.00 9.01
b 0.76 C,0w .00 4.0 9.00 0 3.01 2,7 J.00 2.00 .80 0.a0 7.12
i 2.93 0.06 0.00 0.0t 7.08 ¢ 0.00 1.00 .00 ;.o 0.00 2., .0
2 0.93 0.0% 2,60 5.00 0.00 1 G.04 0.00 2.04 0,60 0.0 G. 4 5.0
3 5.78 £.00 2.0d D.00 a.ai D 2.00 92.00 0.00 .00 .00 9,040 2,01
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TAXORMIC BRCXD> RELATIVE ABUNDARCES
SACTMATER SAMPLES

PERIOD  1LOD  REP  RYANE  RTALZZ 27TAX3  RTANA  atAxF  erad  #7axT  RYAXB  RYAN®  AYAXYD  RTAXT1 mrasid RTANMD

5 & 0.82 3.0 C.0d 0, 04 0.0 .40 .00 Q.00 £.08 .00 2.1% 4,08
3 5 0.49 0.0t 9,00 .08 0.00 0.00 G.00 5,00 G.04 0.00 0.06 £,12
3 1 2,52 c.oa 2.0 0.0 D.00 G.D} 9.00 6.0 Q,05 2.00 2.49% G.24
8 2 n.¥% c.{3 .0 0.0% 2,00 1.00 J.00 0.0% 0.05 2.0% .00 0.20
8 3 0.40 a.18 ¢.00 o, 00 .00 3.90 .00 n.0g 2.08 £.0% 7,0% 5.1
5 ki U.58 0.09 9,00 N {1.00 0,00 0.00 2,02 a.0% 9.02 4,00 6,20
5 5 0.59 0.04 2.00 G.0% 0.00 G.00 9,00 a.m a.10 9.0 G. 0k 0.15
& 1 4,48 £.01 0.00 0.0 .09 J.00 3.80 0.00 J.00 7.00 G.30 6,33
B 2 0. &4 0.0t .00 9,00 0.09 1,08 0.6a 0.00 2.3 ;.0 2.0 4,32
. 3 J.6T 0.1 .00 .30 0.190 C.89 £.00 3.0 .00 9.00 £.00 0.39
& 4% 2.485 n.02 a.o0 0.00 iy. a0 0.00 1.00 5.00 0.00 2.40 .00 g,12
& ? 078 C.0L 0.00 0,0% g,08 2.90 5.00 0,00 0.0 0.2 0.490 g.i7
7 i 1.90 o,02 0.00 a.m 0.00 1.0 c.op 0.0D 7,00 0.60 9,00 8,07
7 2 M- o,.0% .00 3.00 0.00 0.00 .00 9.09 0,00 §.00 £.0% 0,04
T 3 3.89 0,02 2.00 0.0% 0.00 4.00 c. i 2.0% 0.0 7.0 £.0% 2,07
7 4 .85 .06 0.9 0.0D 5.00 2.0% 0.00 0.0 G.0f 0.00 7.00 %.10
7 3 3,90 4,02, 5.00 1.00 4.00 a.10 0.70 2,00 3.0 0.02 200 a.07
3 1 2.7 . 0% ¢.00 3.3% .00 ¢.00 §.00 7.00 0,30 5,90 .90 J.0%
8 z 592 0.03 o.0% 0.00 9,00 9,00 .00 5.02 2.0 0,00 g.o0 J.02
8 3 3.84 5.02 0.00 0,00 5.00 9.490 0.00 .o c.00 0.00 5.07 3,69
B8 4 0,84 Q.02 6.00 2,00 0.00 G.9% 0.00 7,0t 3.00 2,0% 5.0t 2.%%
a 5 0.0 9,0y | a.00 0,00 0.00 £.00 4,00 3.400 4,00 0.0a 0,02
9 t 0,9 2,03 0.80 0.00 J.00 31.00 .00 0.00 3.00 0.00 0.0% m
g F4 4,95 2.0% 0,00 0,00 o.00 4,00 0.D0 0.00 C.00 0.00 g.02 9.0
F : 0.9 0.02 £.00 3.00 0.00 0.co 0.00 2.00 2.00 1.00 C.0% 3.0%
? 4 z.87 .05 c.0g a.00 0.00 0.0t ;.00 J.00 $.00 .00 0.0% 2.05
¥ I a.95 0.0% 0. 0.00 0.0a q.40 9.0a 0.00 0,00 0.00 Q.02 0,01
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Appendix E

Sample period {4~7}, Location {1-9}, Replicate {1~5}, and
relative abundance of functional groups of Shredders {(RFG1l),
Scrapers (RFG2}, Predators (RFG4), and Collectors {(RFGS} in
riffles.

Sample period {4-8), Location (1-9), Replicate {1-5}, and
relative abkundance of functional grcups of Shredders (RFG1},
Scrapers {RFG2}, Predators (RFGd}, and Collectors {RFG5} in
backwaters.
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FUNCTICIAL GROUP RELATIVE ABUMDANCES
BACKMATER SAMPLES
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FUNCTIONAL GACAEP RELATIVE ADUMDACES
BACKWATER SAMPLES
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FUKCTICMAL GROUP BFELATIVE ABUKDANCEK
BACKUAYER SAMPLES

PERIID L»

P 0 @@ @ @O0 EEWKDOEeOWE R EBRER ;@D oD M) & M ;| 0
W) D W) W G (R OB G o ot i o e D O O B WA WA W W LA LA Le b oLe L

REP RF&1

G.0a
J.00
o.02
2.0%
.0
9.02
.41
9.8
a.0t
0.m
Ja.a2
0.08
0.00
.00
0.00
g.0%
.00
3.09
a.20
G080
0.00
2.0
a.00
2,08
0.0
g.00
0.60
.20
0.40
0.00
0.4

Wl ok U B b PG o WD e L oG o= WA B Rl R - KA P b P s WS B LW B3 —a R

[V T

b et AL & oo

RFad

3.6
0.09
3.02
Q.00
G.00
0,08
o.02
q.0a
0.0z
n.0f
0.o0
0.00
0.00
i1.0¢%
Q.00
3.00
0.02
0.0
0.00
2.0y
0.0%
G.0
a.00
0.00
c.5
0.M
0.54
2.0
0.0%
a.9%
0.00

RFIDY

oD o - Do o0 0o oo doooo@Doe Do oo G oo adoa

RE %

a,oy
2.02
2.08
.08
0.D&
0.03
0,00
0.00
0.081
0.02
0.01
0.08
2.07
0.08
G.02
0.08
0.05
0.07
G.0%
0.0
0.02
a.;m
0.0t
Q.a1
.0t
a.91
o.or
0,03
0.0
0.93%
Q.2

RFEI

a7
097
0.E9
0.9
a.%e
0.9
0.97
0. %8
0.9
0.%8
.97
0.¥d
0.93
0.84
0.97
0.5
0.93
0.59
u.#8
0.97
a4.97
0.98
0.9%
0.99
o.%
1.98
0.98
da.%8
0.%7
3.v8
.78

KFia

Aee Wl e Rk bl LM P i bl e b L B R B e e 6 W PR Lel I B el L Tad LW L 3 el e



Appendix F

Summary of samples collected by MDNR in March, May, and June 1989
from riffles and backwaters of the Gasconade River.



Farly March 1589 Riffle

Zone ¢
Iona 1lc
Zane lc
Zone 1lc
Zaone 2
Zone 3
Zonga 5

upstraan #1
upstrean 2
downstream #1
downstream #2
downstream
downstream
downstream

Late Marchk 1999 Riffle

ione 1C upstream

Zone 3
Zone 4
Zone 5

Late Mazch 1989 Leaf Packs

downstrean
downztream
downstream

Zone lc upstreem

Zpne 1
Zone 4
Zone 5

downstreamn
downstraam
downstream

May 1989 Riffle
Zone lc upstrsam
Zone 2 dounstrean
Zone 3 downstreanm
Zone 4 downstream
Zone 5 downstream

Jung 1288 Riffle
Zone 1lc upstream
zZone 2 downstresm

Zone
Zone
Zane
Zone

3 dounistraan

4 downstream
4a downstream
5 dosmstream

L]
4 ki
g g
i oz
= g =
Pa d =1
I 5
] g g S ~ 8
- g 3 22 35
i 5 = 5 I R
) & 3 O o = 4
- 5o & € Z
S5 - Ly 2 & 7
8 2 o = 1 v §
& & = 2 3 & g
527 24 13 44.5 - - -
1581 50 23 i3.5 - - -
546 45 19 G.2 - - -
319 52 21 6.8 - - -
5GG 54 22 6.5 - - -
712 &1 22 4.2 - - -
21 5 1 Di25 - fd it
287 39 15 G.12 100 o 0
431 41 11 2.03 173 - 0.36
K[ o) 24 7 0.50 5759 - 0,94
12 15 5 1.22 205 - 2.13
310 33 - - - 100 -
103 12 - - - 52.7 -
309 47 - - - 17.5 -
74 29 - - - 116.2 e
1¢37 iy - 23 21.80 100 - fi
1070 56 27 1.36 21 - 0.39
508 42 22 T7.29 566 - 0.57
585 43 16 1.47 746 - 0.63
a9 iR 13 L.51 128 - 0.86
1147 Bg 26 2.70 100 - Q
521 33 17 17.50 127 - 0.87
ad7 52 22 4,60 204 - 0,35
611 36 15 6.80 401 -~ 0.86
232 26 12 69.00 1276 - .42
185 25 13 27.00 274 -  1.38



Early March 1989 Bagkwater

Zone
Zone
Zone
Zone
Zone
Zone

Iane
Iane
Zane
Zone

1¢c upstream #1
1c upstream #2
lc upstream #£3
1c downstraam
2 Acwmstream
5 downstream

lc upstream

3 downstream
4 downsrream
5 downstreanm

May 1303 Rackwater

Zone
Zone
Zane
Zone
Zone

1c upstream

2 dovnstrean
3 downstream
4 downstream
5 downstresam

June 1383 Backwater

Zone
Zane
Zone
Zone
Ione
zane

lc upstream
2 downstrean
1 downstream
4 downstrezam
4a Aownstreap
5 downstreah

: i
A
: F 3
¥ g ]
; f
2 g » S = u
2 x g 33 P M
S R T B | .
§ & F g2 &8
. 3 . 5% 4 g 3
- x - gg g b2 4 by,
i ofs i § £ P g
& & & K 4§ & 3
312 45 - - - - =
93 22 - - - - -
110 a8 - - - - - -
297 50 - - - - ~
102 29 - ~ - = =
102 12 - - - - =
220 27 - - - -0
41 1 - - - - 1.81
148 19 - - - - 0.84
91 g - - - . 2.33
200 29 - -~ - - 90
146 26 - - - - 0.38
168 26 - - - - 0.61
105 30 - . - - 7.90
193 20 - - - - 0.85
239 22 - - - - 0
1352 15 - - - - 0.80
236 23 - - - - 0.26
190 7 - - - - 2.14
212 3 - - - - 3.60
1512 10 - - - - 0.86



Relative Abundance {%) of dominant taxa collected during
early March 1989 Raconnaissance sappling
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Relative abundance (%} of dominant tzaxa collected during

lata March 1929 recUnEiSsSAnce sampling
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Relative Abundance (%) of dominant taxa collected
during May 1989 reconaissance sampling
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Amlative Abundance {%¥} of daminant ta¥a collected

during Juna 1989 reconaissance sampling
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Appendix G

Summary of TPH data by location and sampling date and listing of
TPH data file from MDNR database.



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LCCATION

""""""""""""""""""""""""""""""""""""""" LOCATION=S] ~=r-wm-mmm oo csmcm e sttt oo m oo oo s s v mo e
[ | TPH |
! |-rmeee e e |
| | N | MIN MAX | MEAN |
| ------------------------------- e mmmmm e [F I fammmmmmm . damammmremmm. |
{DATE | ] | | I
[-mmeemn e | ! | I |
[240uL8% | 3.00] 46.00( 46.00 | 46.00|
|---=-mmmmmmm s demmvmmnannnn fomurerreeenn L etk Fmmmmmmmmaman |
|03NCVEY | 2.00] 21.00| 31.00| 26.00 |
] ------------------------------- dmmmmmmme—ana Fmmmmmmae e B YT L LT [
] 13FEBY0 | 3.00] 26.00| 38.00| 31.33|
] ------------------------------- Fmmmmmmmmmmmm Hmmmm e mam—a. drmmmmamarer— Fresm-mrmrr. [
| 29MARS0 | 3.00] 38.00| 76.00] 58.33|
R RO EELEE L EEE L il fesunaannanas L |
| 11JuN®g | 3.00] 22.00]| 42.00] 31.67)
R R . Fmmmmmmm e R L Frramroranaan )
|170cT90 | 3.00} 39.00| 39.00¢ 39.00§



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LOCATION

----------------------------------------------------------- LOCATIONSZ === === = === mom oo s m oo e mceccaecmennneee
] | TPH i
! [ +erm e !
! | N | MIN | A | MEAN |
=== Hoemmmanaaana torerrrernanna oo orasussanans |
|DATE I I J | |
- -eemenarara s | | ! | |
|25JuLag 3.00| 65.00| 79.00] 72.67|
] ------------------------------------------- #rrmmmmm e mmm ittt L Y ] |
jaroctsy 3.00| 20.00| 43.00{ 30.33|

|

+

I

=== e +
| 29MARSO | 3.00| 34.00] 54.00] 41.33]

-

|

+

t

| ...............................
[19JUN90

| ...............................
| 170CT90



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LOCATION

----------------------------------------------------------- LOCATION=Y —--c-u-doocsidccmmuncoumceant o e a ittt cde v e es
| | TPH |
| e !
I | N | MIN | MAX |  MEAN |
[ ------------------------------- #mmmmmsmsuana fmmracrar e R LT LT |
|DATE | I ] I I
o | | | | |
| 014ARBS | 3.00] 25.00] 34.00] 28.00|
R LRl R F---eammmacan femmmnmncanna #eesrmmnnasan |
| 10MARSY | 1.00| 48,00} 48.00| 48.00|
| ------------------------------- fommemmemaeas O L Frmmmmmmmamao L |
|2MARBY | 2.00| 35.001 56.00| 45.50|
[rmmemmme e e B B LR L P f-mmmarmeena dmeeronnraaan |
|03MAYES | 1.00]| 53.00| 53.00| 53.00|
|=mmmm e e B D e L L L L T |
|07MAYBS | 1.00]| 41.00| 41.00]| 41.00]
| oo e #rmm o B it fussnauasanan frevamvunanan |
| 24MAY8Y | 1.00| 32.00| 32.00]| 32.00|
|=mmmmm e D B L L L ecsnmmmmanns |
| 054UK89 | 2.00| 35.00| 35.00| 35.00]|
=== e, P L L L et Fmmmmamama |
|054uUL89 | 2.00| 17.00| 50.00| 33.50|
R R e LR frmmmmmmmnmn D it L et D it |
| 254UL89 | 3.00] 28.00| 37.00| 32.67|
R Rt T EE e e T B L e T $umaucacacnna 4eccamummanan |
| 250CT89 | 2.00| 23.00| 26.00| 24.50|
|=msmmmm e P b D b e L btk $-cmmcsauaaan |
| 13NOvas | 1.00]| 22.00| 22.00] 22.00|
| ------------------------------- Fmmemem—ueeau 4osesccancnne demremmmren. Fememmmmm———n |
| 12JAN90 | 1.00| 10.00| 10.00| 10.00]
| ------------------------------- feamaasmmaaman 4mmmrm - o mm = B - |
| 29JANS0 | 3.00] 18.00| 24.00| 20,33
R b S L EEEEEE L Frecesananana L derranmenaaa- |
| 27MARSO } 3.00| 31.00| 38.00| 33.33]
R R L ELEEL PR L #mmmmmmnarnen #mrmmmmmm e #mmmmmmmmee Fommmmmmm oo |
]13JUN0 | 3.00| 25.00] 25.00]| 25.00|
] ------------------------------- fmsasamasanun Bememrmrmer Fevrremravens drermmmmmma—a l
| 180CTO0 | 3.00] 39.00] 43.00] 40.33|



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING 8Y LOCATION

----------------------------------------------------------- LOCATIORSG === === rmmmmmmmm oo oo oo e racennnaaas
o o
I e bbb bbb bbbl |
| | N | MIN [ MAX |  HEAN |
|emmmmm e e L etk D ettt ST LT P L P PR L
|DATE f I I I :
:01unna9 : 2 00: zs.oo} 34.00: 29.50:

------------------------------- -
:oznnvao | 1.00] 660.00| 660.00] 660.00{
........................................... mmmenmm o mbmeom e mm e mmmne
:OSJUNBQ T 1.00] 120.007 120.007 120.00:
............................... e e e e e e e e e e e e a
:OSJULBO [ 1 007 50.00| 50.007 50.00:
....................................................... enumamenneeemenae o nnnn
:26JULB9 I 3.007 110.00| zoo.oo} 146.67:
_______________________________ e e e e e e e e e e mmm st a e m e paeeaeanan———.
:01NOV89 f 2.007 29 007 36.00? 32.50:
_______________________________ e e e e e e e e e e a—m e n e magan———nannn
:01FEB90 [ 3,00 46.007 300.00} 152.00:
_______________________________ oo e e e e e museaegeeeeaanannn
:zannnoo | 3.00] ZB.ODT ao.oo; 64.33:
------------------------------- D Lt L R it it
}194uu90 | 3.00] 39.00? 59.00| 68.00:
e T U e et et e



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LOCATION

""""""""""""""""""""""""""""""""""""" LOCATIONRD —---r - - - m oo m oot e
| | TPH |
| Jsanesnrs s e |
| | ] ! MIN | MAX | MEAN |
|rmmmmmm e L ettt L L L bt |
joaTe ! | | | |
|-weerernene e ! | | | |
| D1MARES ] 1.00] 120.00] 120.00| 120.00]|
| ------------------------------- L i L etk el Fmmmm e |
| 2PMARES ] 2.00] 82.00| 140.00| 111.00|
R e EE L RS EL L Fromneveneeun Hmmmrmmme—an Fmmmmmmmmman Fmmmmmmmm e |
| D2MAYBS | 3.00] 71.00| 110.00| 88.67|
| ------------------------------- fmmmmmmcaanan mmmmmr .= B tmrmrmmm————a |
| OPMaYBY | 1.00] 64.00| 64.00| &4.00|
| ------------------------------- hemmamnmmm— L L LT Fmmmmmmmaaaaa Fmwmmmmm oo |
| 24mMAavaS | 1.00] 50.00( 50.00| 50.00|
|====mmm e L itk L el demmmmammanaa L |
|05JuN8? | 2.00] 35.00] 35.00| 35.00]
| ------------------------------- L et L et L L el |
| 06JuULBS | 2.00§ 33.00¢ 58.00| 45.50]
|====mmm e L etk L dermemacaanna femaacsamneen |
|26JuLag | 3.00{ 32.00] 55.00| 45.33|
|====mmm e L feccnammmnann hemmrsmeeana L |
|270cTaY | 2.00{ 35.00] 44,00 39.50|
|====mmm - Fmmmmmm e mam F----cacamaaa $eummmmmccanaa focaacssnnnnn |
|31JAN%0 ] 3.00] 10.00} 27.00| 21.00]
I ------------------------------- L L etk L etk Fmamm--cannan |
| 27MARSO | 3.00] 0.00| 25.00| 15.33|
[-==mmmem e e Fmmmm e mmmman L et L et foemmem—maana |
| 13JUN90 i 3.00] 34.00] 48.00| 40.33|
[--mm - dmmmmmmmme—e ommmmm—mman eanmacanunna $ememamcanann |
| 230CT90 | 3.00] 34.00| 38.00| 36.67|



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LOCATION

----------------------------------------------------------- LOCATIONSS === === - m e mn o o oo e oo e oot
] | TPH |
! [-rerssoneemr e |
[ | N | mIN j o omax |  MEAN |
[mmmmmemmrmm e ea e femmmmmoooaa frmmmsemsenen L D Lt i
|DATE | | { | !
Jrweemeeeneme s ! | | | !
|264uL89 | 3.00| 74.00 760.00| 441.33|
R e T Feveommmmmaa demmmmmee—n et |
jomiovas | 2.00) 21.00] 92.00| 56.50|
G Rt E P LR doccacanmenan Hrmm . R LT et |
|01FEBS0 | 3.00) 48.00| 140,00 85.67|
|mmmmmmm o #--sesmnnaans $rommmmemmaoa R $mmmmmmmmoe- |
| 28MARS0 | 3.00] 58.00| 89.00} 74.87|
| R L L EE LR LR #-emmmmareans $romemcemoana 4-mammnmccens R R T |
J114uN90 | 3.00] 35.00) 91.00) 65.33]
| ------------------------------- fusevenrmm-nn Fommmmmcerees homemmmmmm e S |
|150cT90 | 3.00] 41.00] 50.00§ 46.00)



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LOCATION

------------------------------------------------------- LOCATION=Y =-==cccccccmemer oot e oo e rscesesseccccaaataan
| ] TPH |
! Jmm e !
| ) N | MM |  MAX |  MEAN |
| ------------------------------- L P B et L et |
IDATE I | | | ]
| nemeesee e | | r | !
|30MARBY | 2.00| 330.00} 490.00| 410.00]
R e R AL frmrramnsaenn L etk Frommmm—eacan L bt i
| 28APRBY | 3.00| 500.00| 820.00| 616.67]
] ------------------------------- PO 4osumcacancan frmamamnmeme. Frrememmann |
|03MAYEY | 2.00| 340.00{ 560.00] 450.00]|
|====mmmmmmee et #rremacccenan L b drmem e Fommmmmmmmaen |
|OPMAYEY | 1.00| 320.00] 320.00] 320.00 |
I ------------------------------- #eremccenemea Frmmmmm . Fmmmmmm - Fmmmmm - |
| 24MAYB9 | 1.00| 310.00| 310.00] 310.00|
R e L L EE DLl P L T ke L it For-mssesanus |
]06JUNBY | 2.00| 400.00] 700.00) 550.00 |
] ------------------------------- R L el E e et Fmmmmmammamae |
]06JULBY | 1.00| 310.00| 310.00} 310.00|
R Rt L L S R LD #rcerronaenan $rrammrerm. dmmmmmm e Frmmmmmm—aen |
|27JuL89 | 6.00| 120.001 4£70.00| 321.67|
|-=-====mmmm e L L et e i decsnacnannns |
|260CTBY | 3.00| 280.00} 700.00| 493.33|
|rrmrmme e d-mmmraenmaan dammmeemanna L LEL T Fommmmmmmm s |
| 13N0V89 | 1.00]| 230.00| 230.00| 230.00|
| ------------------------------- L Fmmmm e L L #ecsmmmasanas |
|12d4AN%0 | 1.00| 113.00| 113.00| 113.00]
[rommmmmm e T frmmamemaanan LI O LR EL TP |
| 30JANSO | 6.00| 170.00| 3%0.00| 278.33|
jrmmmmemm e L et L el Fommmmmmeaaea #erscsvasnnna i
| 26MARS0 } 7.00| 42.00| 250.00| 104.14 |
| ------------------------------- Frrrermnn—— Fomm e ———— Frmmmmmmm———. Fmmmmmmm————m |
j0SJUNSO | 3.00]| 50.00| 70.00| 58.67|
[ ------------------------------- $emmmmuumaaar dmmmauammann P etk L ]
[15JuN$0 | B.00| 25.00| 40.00| 33.38)
[ ERREEEEEELEEE TR EEEELEE TR oo mm——n L el L el #ecescnaaanns |
|1&60CcT$0 | 6.00]| 29.00| 50.00]| 37.67|



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LDCATION

----------------------------------------------------------- LOCATION=B --=ee--emmoactetme ettt ettt sttt ettaaa e
| | TPH ]
| A !
| | N | MIN MAX i MEAN ]
| ------------------------------- E e ettt L L it L R i
|DATE | ] I ! |
| mrosanen s | ! | ! !
|26APRBS | 9.00| 3700.00| 9500.00] 5688.891
|emmem e L ettt e il Frmararrasnan L LR |
|11MAYBS | 1.00§ 2900.00| 2900.00| 2900.00|
|====mmm e eees P L P2 hwmmmmmm i —a Fmmmmmmm - Fmmemmm e —an |
| 24mMaYaS I 1.00| 2600.00 | 2600.00] 2600.00|
|rmmmmmmemie e, fenenammaem—. P dmmmmmmm———an Fommmmmm———aa |
|07 JuNae ! 2.00]| 4300.00| 5000.00| 4650.00|
| ------------------------------- L bl R B il L |
| 08JULBY ! 1.00] 290.00| 990.00| 920.00|
| ------------------------------- FE R L L L el |
|27JUL.89 | 5.00] 870.00| 1100.00]| 966.67|
| ------------------------------- B et E et L et B |
|310CT8Y | 2.00| 560.00| 800.00| 680.00
[romrmmmmmmrm e e e #rrmmmamam——n EE R e L et L |
| 13NOVaR | 1.00] 860.00| 860.00| 860.00|
|=r=mmm e e P etk L et B L el |
| 09APR0 i 3.00] 200.00| 410.00| 320.00f
|ommm e e L el #mmammmaaaa L L L |
|21JUNS0 | 3.00] 44.00| 57.00| 51.33
=== e Frrmmwmmmm—an L L L $usacocaaaaaa |
| 190CT0 | 3.00| 42.00]| 58.00| 51.00]



GASCONADE RIVER TPH DATA
SUMMARY OF SAMPLING BY LOCATION

----------------------------------------------------------- LOGATION=9 === mmmmmm s mm oo o m e oo aaassseeceta oo
[ | TPH i
! R I
| | N |  MIN |  Max |  MEAN |
| i LT bommmmmmmm e B ettt Fommmmmmmnaa [
|DATE | i I |
foeemeanarn e ! ! | |
| o9HARAS 3.00] 140,00] 810.00| 423.33|
R i e L LT Fmmmmmm s eacecaasaran L T |
| 28MARSY 4.00} 500.00| $20.00| 737.50]
| ------------------------------------------- L S LLLLL T Fommm e trmnmrasnaaua |

[26APREY

I ...............................

(04MAYBS

| -------------------------------
(10MAYE9

| 24MAY8ES

| ...............................
| 0&JUNBY

| ...............................
|06JULED

|
|
|
+
|
+-
|
+*
i
+*
|
-
|
+
[
+
|
| ------------------------------- +
|284ULBY | 3.DD| 360.00| 970.00| 6?0.00]
+
|
+
!
+
|
+
|
+
|
+
|
+
|
|
+
i

{====rm e et L C R T N |
j02auGB? 3.00| 350.00| 850.00) 660.00|
T ot oo o)
T ool el weee) vl
------------------------------------------- A e aae s
:31JAM90 6.00| 110,00 750.00| 311.6?:
e T ool e e
P s mvan )zl
T ot mae ez
....................................................... e
:21JUNOD 3.00; 42.00] 810.00| 396.00:

l ...............................
[160CT90
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LY CRLY BN L L el o o B T R e X R L P I I I O I S L I T S I R VI R S I Y I e e Tt
ool N = OO0 0V W 2O 0 m W R M= O 08 0NN D O 0 - O 0

HABITAT

bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
nrshore
nrshore
nrshore
riffle

riffle

riffle

bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwatear
bkwater
bkwater
bkwater
bkwater
bkwater
nrshore
nrshore
nrshore
riffle

riffle

riffle

bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
Pkwater
bkwater
bkwater

SED

muck
muck

sandy silt
sandy silt
sandy silt
sandy silt
sandy silt
sardy silt
siltsnddet
siltsnddet
siltsnddet
sand/grav
sand/grav
sand/grav
gravel
gravel
gravel
muck

silt
silt

silty sand
silty sand
silty sand
sansildetg
sansildetg
sansildetg
siltsndgra
siltsndgra
silty sand

silty sand
sand
sandy silt
muck
sandy silt
muck
silt
muck
siit
silty sand

TPH

46
46
46
31
21
32
24
38
61
38
76
42
£
¥
3%
39
39
19
56

e

&5
74
79
20
43
28
34
36
54
25
25
25
Iv
19
51

A A

34
25
25
48
35
56
53
41
k.
35

DEPTH

0.0
0.0
0.0
2.0
2.0
4,0
3.5
5.0
5.5
5.5
5.5
5.0
5.0
4.0
3.0
3.0
4.0
0.0
0.0
0.0
0.0
c.0
0.0
0.0
0.0
0.0
1.0
1.0
0.0
5.0
5.0
5.0
3.0
3.0
3.0
3.0
2.0
2.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.5
8.0
5.0
0.0
0.0
1.5

DATE

24JULE?
24JuL89
24JULE9
03NOVEY
O3NDVE?
13FEBY0D
13FEBP0D
13FEB90
2OMARSO
29MARS0
29MARPO
11JUNRO
11JUNRO
11JUNRO
170CT90
170CT90
170CT90
24JULES
24JULEY
24 JULE?
24JULB?
24JuL 89
24JuL B9
25JuLae
25JuLae
25JuLse
270CT89
270CT89
270CTR?
29MARPD
29MARDO
29MARSO
19JUNSO
19JUNSO
19JUNSO
170CT90
170CTR0
170CT90
25JuLse
25JuL89
25JuL 89
25JuLse
25JuLse
25L8%
01MARSS
01MARSS
01MAREY
10MARBY
29MARBY
29MARBY
03MATRY
OTHAYEY
24MAYEY
05JUNB?

GASCONADE RIVER TPH DATA

— = D M D M O o e e m e = = P P — e = = = = = = = = = = — ) B B e~ — — % % D 0D — — —

@ — @ M

REL

july
July
july
nov
nov
feb
feb
feb
march
march
march
June
june
june
oct
oct
oct
july
july
july
july
july
july
july
July
July
oct
aoct
oct
march
march
march
june
june
june
oct
oct
oct
july
july
july
Jjuly
july
july
march
march
march
march
march
march
may
may
may
june

SAMPHNO

890369
B90370
890294
894339
894340
900431
Q00432
900430
900397
900398
00399
201111
901112
901113
907536
907357
907338
890371
890372
890373
8903646
B9G367
890348
890375
890350
890374
894335
894336
894334
900434
900435
900435
901115
9011146
201117
907360
Q07361
07362
890345
890346
890344
890347
890349
890348
890229
890230
890231
890248
890265
890243
ee0187
890279
890312
891369

ZONE

1a
1a
1a
la
la
1a
1a
1a
la
la
1a
1a
la
la
1a
1a
la
1a
1a
1a
1a
Ta
1a
1b
1b
1b
1b
1b
1b
1b
1b
1b
1b
1b
1B
1b
1b
b
1b
1b
1b
1b
1b
i}-]
1c
1c
1c
1¢
e
1e
1¢
1c
1c
1¢

COMMENT

GCMS

Toc

ToC

ToC

TPH
TPH

TPH
TPH
TPH
TPH

GCMS

TO0C
TOC

is <39, TOC

is

is
is
is
is

<39

< &
< &
< &
7.4

TOC, TPH <25

TPH
TPH
TPH
TPH

TPH
TPH
TPH
TPH
TPH
TPH
GCMS

GCMS

<25
<25
is
is

is
is
is
is
is
is

<39, TOC
<39

A A A A A A
E o L

toxicity

post toxicity sed com

SITECQDE

Z1-a,J,bw
Z1-8,d,bu
Z1-a,J,bw

Z1-a,J,bw
Z1-a,d,bw
Z1-a,d, bu
Z1-a,d,bw
Z1-a,d,bw
21-a8,d,bu
Z1-a,J,bu
Z1-a,J,bw
Z1-a,d, b
z1-a,d,bu
z1-a,d, b
21-a,d,bw
21-a,d,ns
21-a,d,ns
Z1-a,d,ns
21-a,d,rf
Z1-a,d,rf
21-8,d,rf
21-b,BC, bu
21-b,BC, bu
Z21-b,BC,buw
21-b,BC, b
Z1-b,BC, bw
z1-b,BC, bw
Z1-b,BC, bu
Z1-b,BC,bw
Z1-b,BC, bw
21-b,BC, bw
21-b,BC, bw
Z1-b,BC, bw

Z1-b,BC,ns
21-b,BC,ns
21-b,BC,ns
21-b,BC,rf
21-b,8C, rf
21-b,BC, rf

Z1-C K, bu
21-C M, bw
Z1-C, M, bu
Z1-C,M b
21-C M, bu
p

21-c,M, bu

LOCATION

[T I P TR T R P P U U N I I T L T I I I T N O R R R L L R R N R R R I i e e e



cos

55
56
57
58
59
60
61
62
63

&5

67

&9
70
71
72

74
75
76

78

a0
81

a3

85
86
a7

a9
o
91
92
93
94
95
96
97
98

100
101
102
103
104
105
106
107
108

HABITAT

bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkuwater
bkuater
bkwater
bkwater*
bkwater*
bkuater*
bkwater*
biwater
nrshore
nrshore
nrshore
riffle
riffle
riffle
riffle
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater

SED

silt

sandy silt
sandy silt

muck

muck

muck

sandy silt
sandy silt
sandy silt
sandy silt
sandy silt
sandy silt
silty sang
silty sang
silty sang
muck

sandy silt
sandy silt
silty sand
sandy silt

gravel
gravel
gravel
gravel
sand
sand/grav
muek

sandy silt

sansiltdet
sansiltdet

silty sand
silty sand
silty sand
sansiltdet
sansiltdet
sansiltdet
sandy silt

TPK

50
17
37
28
33
26
23
22
10
24
19
18
n
3
38
25
25
25
43
39
39
26
34
5
39
3
39
110
120
17

12
34
25
460
120
50
110
200
130
29
36
300
4é
110
89
28
76
39
46
59
39

DEPTH

5.0
0.0
0.0
0.0
0.0
0.9
3.0
5.0
0.0
0.0
5.0
5.0
2.5
6.0
6.0
&.0
7.0
7.0
7.0
7.0
6.0
6.0
8.0
&.0
7.0
6.0
4.0
0.0
0.0
0.0
0.0

(=T =]
=]

0O 0 - 00 00
(=R =R ¥ Y I = — B — A = ]

- - 0 0O 0 0O
- . . . a -
(= = R — R — I = I =]

0.0
2.0
2.0
2.0
2.0
2.0
2.0
1.0

GASCOMADE RIVER TPH DATA

DATE

G5JUNB9
05JuL89
05JUL8?
25.JUL89
25JUL89
25JuL89
250CT89
250CT89
13NOVES
121AN90
2PJANSO
29JANSO
2FJANTD
27THARTO
2THARSD
27THARTO
13JUNSO
13JUNSO
13JUNS0
180CT90
180CT90
180CT90
29WARES
2TMARSO
13JUNSO
180CTH0
250CT89
26JULBY
26JULaY
26JuLay
01MARES
25JULa%
25JuLae
25JuLa9
01MARES
01MARSY
0ZMAYS9
05JUNB?
D3JuUL8Y
26JUL89
26JULBY
26JUL89
D1NQVEY
DINQVED
01FEB%0
D1FEBY0
D1FEB90
2EMARDO
2EMARDO
2EMARSO
12JUN%0
19JUNSD
19JUNR0
180CTS0

—_ —_ —_ - - — — D M ® M M ~ ~ ~ {3 O @ M P m— = r— () = —r—r—r—{h s~ = = = = 3 D B — = = = = = (B (P — — — — — @ B

REL

june
july
july
july
july
july
oct
oct
nov
jan
jen
jan
jan
march
march
march
june
june
june
oct
oct
aet
march
march
june
oct
oct
july
July
july
march
july
july
july
march
march
may
june
july
Jutly
July
july
nov
nav
feb
feb
feb
march
march
march
june
june
june
oct

SAMPHO

&v367
890334
890335
890377
890376
a%03a3
8943135
894314
890826
900277
900402
900403
900401
P0044LS
900446
Q00447
900801
900802
900803
907365
9073648
907364
890264
90044B
900804
907367
894312
890381
890382
890384
890232
890378
890377
890380
890235
890234
BP0185
891371
890336
890392
891398
890393
B9434R
B94349
900439
900440
900438
900768
900769
900770
901106
901107
901108
907369

ZONE

1e
1e
ic
1¢
ic
1e
1e
ic
le
te
H
tc
1e
tc
ic
ic
te
te
te
fc
1e
tc
ic
le
ic
1e
le
1e
1c
1e
1¢c
1c
1c

—
Ly]

B R MR R R R R R R R R RN DR R

COMMENT

fish larval study
fish larval study

GCMS

todicity
TPH<10 repeat 89-0280

GCHS
GCHS

GCMS, TPH <25
TPH <25
TPH <25

TPH is <39

T0C, GCHMS TPH is < 39
dup 0263 for TPH only
dup 0447

dup D803, TPH <25

dup 7366, TPH is <39
GCMS

TPH is 4.6

TPH is < 4

GCMS

fish Llarval study

GCMS

sandy silt w/leaves
sandy silt w/leaves
ToC
Toc

TPH is <39, TOC

SITECODE

21-c M, bw
Z1-¢ M, bw
21-¢,M, bw
21-c M, bw
Z1-c M, bw
Z1-¢, M, bwt

Z1-¢, M, bw

21-c M, bw
21-c M, bw
21-c, M, bw
21-c, M, bw
21-c M, bw
Z1-¢, M, bw
21-c M, bw
Z1-¢, M, bw
Z1-c M, bw

21-C. M, bw
Z1-¢,M, bw
Z1-¢, M, bw

Z1-¢, M, ns
Z1-c M, n8
Z1-c A, ns

21-c M, rf
21-c M, rf
Z1-c M, rf

z2,1F,bw
Z2,1F,bw

22,1F,bw
22,1F,bw
22,1F,bw

z2,1F,bw
z2,1f,bu
22,1F,bw
z2,1F,bw
22,1F,bw
22,1F,bw
22,1F,bw
22,1F,bw
22,1F, bw

LOCATIOR
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OBS

109
110
111
12
13
14
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
151
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
15¢
160
161
162

HABITAT

bkwater
bkwater
bkwater*
nrshore
nrshore
nrshore
riffie
riffle
riffle
riffle
bkwrater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkuwater
bkwater
bkwater
tkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkweter
bkwater
bkwater
bkwater*
nrshore
nrshore
nrshore
riffle
riffle
riffle
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater

SED

sandy silt
sandy silt
sandy silt

sand/grav
gravei
gravet

sand/fgrav

sandy silt
sendy silt
silt
sandy silt
silt
silt
silt
silt
silt
sandy silt

sandy silt
silt

sandy silt
sandy silt
sandy silt
sandy silt
sandy silt
sandy silt
sansiltgra
sansiltgra
sansiltgra
siltsnddet
siltsnddet
siltsnddet
silt

sand/grav

muck
muck
muck

TPH

190
120
140
a8z
a5
71
110
o4
50
35
35
58
33
55
32
46
35
44
10
27
26
21

25
34
48
39
38
36
36
33

&
150

760
74
490
21
92
52
48
160

DEPFTH

2.0
1.0
1.5
g.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.5
1.5
1.0
0.0
0.1
0.0
0.0
2.3
2.0
0.0
0.0
0.0
0.0
0.0
2.0
3.0
2.0
2.0
2.0
3.0
2.5
3.0
5.0
4.0
4.0
2.5
3.0
3.0
3.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.5
5.0
6.0
2.0
5.5

GASCONADE RIVER TPH DATA

DATE

180CTR0
180CT%0
05JUNB?
25JUL8Y
26JUL89
256JUL 89
D1MARS?
26JULES
26JUL89
26JUL89
01HARBY
2THARES
2THARES
02MAYBY
02MAYES
02MAYS9
OFMAYEY
24MAYES
05JUNg®
05JUnNgs
0&JULES
0&JULES
26JuL89
26JUL89
26JUL89
270CT8Y
2700789
31JANSO
31JANSO
31JANSD
2THMARPD
27MARS0
27MARSO
13JuNg0
13JUNSO
13Jun90
230CT90
230CT90
230CT90
270CT89
20JULES
26JULB?
26JuLs®
26JuULs?
26JUL89
256JUL89
256JUL89
256JUL89
26JUL89
07HOVES
07NOVE?
01FEB90
G1FEB?0
01FEBS0

— @ D M M —— 0 — — — {0 — —— — —

— P = = = = = m am e e @ B M@ D

MDA D — e —m——————— D ® ®

REL

oct
oet
June
July
july
july
march
july
july
july
march
march
march
may
may
may
may
may
june
june
juiy
juiy
july
july
july
act
oct
jan
jan
jan
march
march
mareh

june
june
oet
oet
aet
act
july
july
july
july
july
july
july
July
juty
noy
nov
feb
feb
feb

SAMPHO

207370
207371
891372
890388
890389
890390
890233
890385
890385
890387
890236
890267
890266
890181
890183
890184
890290
890313
891373
891375
890342
890343
890%98
890399
890401
894331
894332
900406
900407
900405
900772
900773
900774
900823
900824
900825
907373
907374
907375
894333
890396
BO03S7
890402
890394
890395
890400
890391
891399
891400
890477
890478
900444
Q00443
900442

ZONE

d Ld W e b b b W WA W AW W e e e LW Gl L LW LW L LW W L L] WA kel L LW L L B WY W W W N R R R R R RO B

[ T T R B v Y]
o D & b D M OO O

COMMENT

dup 1371
TPH is <
TPH is <«
TPH is <
TPH is <

-~ ~ B~ o

TPH is < 4

GCMS

toxicity GCHMS
post toxicity sed com

fish larval study
fish larval study

GCMS

TOC
TOC, TPH <21
Mo result,broken at i

TOC

Toc

TPH is <36
TPH is <36
dup 4332
TPH is < 4
TPH is < &

TPH is < &

TPH is < 4
TPH is < 4

TOC

SITECODE

Z2,1F,bu
22, 1F ns
22,1F,ns
22,1F,ns

22,1F,rf
22,1F,rf
22,1F,rf
73,PD, b
Z3,PD,bw
Z3,PD,bw
z3,PD,bw
23,PD,bw
Z3,PD,bw
Z3,PD, bw
p

23,PD,bw
23,PD,bw
Z3,PD,bw

Z3,PD, b
Z3,PD, bw
23,PD,bw
2%,PD,bu
23,PD,bw
23,PD, bw
23,PD,bw
23,PD,bw
23,PD, by
ab23, PD, bw
23,PD, bw
Z3,PD,bw
Z3,PD, bw
Z3,PD, bw

Z3,PD, bw
Z3,PD,ns
23,P0,ns
Z3,PO,ns
23,PD,rf
23,PD, rf
23,pPD,rf
23-a,RF, bw
23-a,RF,bw
Z3-a,RF,bw

23-a,RF, b
I3-a,RF,bw
23-8,RF, bu

LOCATICN
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OBS

143
144
185
-]
HY4
164
169
170
174
1R
173
174
1%
e
w7
178
i)
1ae
181
182
163
18
H-4]
1AL
187
188
18%
190
11
192
195
i,
95
b
197
138
“

200
201

B3HEER

&7
204
209
210
&
21z
213
214
215
218

HARITAT

bkwater
bkwater
bewater
bauater
buwater
bhinater
Bkwater
bkwater
bkwator
nrshore
nrehere
neshorg
nrshars
bt ep
hwater
bhwates
skwater
bkuater
bluater
bhwatar
bkwater
bkuater
bkwater
bkwater
buater
okt e
Biwater
bkhitt e
bikenter
bkunater
bkuwater
bkuater
bhuwater
bkwiter
bikuater
blwater
bhwater
Ekweter
bkuater
bkwater
bkmater
bwn ter
bkeater
bkwater
higater
bitwater
bkaater
bkwater
bkwater
bkwater
bxwater
bewater
bEusyer
bunter

ZED TPH
muck oy
muck 17
mUck a8
silt 35
silt 7t
silt, det o
ek 50
rick 47
ok 41
grevel 9590
T80

100

2300

muck 330
mick L1=h|
mick axp
1ol ] 500
muci 430
mck 567
mick 340
silt 320
muck 310
muck Te0
ik 400
J10

340

320

470

300

3BO

120

muck 280
muck 1]
murck Fqili]
230

113

pandy &flt 280
samdy sitt 170

ek 250
mxck 240
mick 30

zondy siit 0
sandy siit 52
sandy silt 42
sandy 2ilt 250

ek &0
mick 110
mack 130
muck a5
muck 55
muck ™
ek 50

sangly silt 19
sandly silt 13

DEPTH

4.0
6.4
.9
4.0
6.0
5.0
3.0
8.0
8.0
0.0
a.0
0.0
0.0
5.0
5.0
1.9
5.0
5.0
5.0
6.0
0.0
0.0
3.5
3.0
6.0
0.0
1.0
2.0
2.0
0.0
0.0
1.
3.0
3.9
£.0
0.a
4.3
2.5
5.5
5.5
3.0
2,9
4.9
5.0
4.5
5.0
4.5
4.5
4.9
.0
8.9
1.B
5.0
4.5

DRIE

ZBMARGQ
2BMAR D
2BMARS0
HF T
1LANRD
LR T
150CTHO
1500 TR
150cTed
26JUL8%
e6JULBS
26 JULBF
264UL89
SOMARBY
IimapBe
JAAPRED
26APRER
ZLAPRAY
CIMAYAD
Cimayss
OPMAY B
PLMAYEY
6JUNED
4 JUNRY
05 SULBY
ETIULER
ZT4ULED
srauise
27 JUL BT
27UB?
27JUL3%
260CTRY
260CTAR
260CTRY
1INOVED
J23ANPD
10K
J0..ANSD
30JAKS0
30JANS0
I0JANGD
302aNA]
ZEMARPO
2RO
28R 70
ZEMARF
ZEMARDPT
SEMARSS
ZEMARTD
05JUNG)
05 HMPO
CERM50
134060
EEE0L o

GASCCKRGE RIVER TPH DATA
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o D D B e

jan

ian

ian

ian

jam

mar¢h
march
march
march
ey ch
march
march
june
june
june
june
june

SAMPNOD

L00TTS
- cibaud
poarre
01103
PO1104
201105
901148
01149
201150
BFA3S
BF0441
SP04L1Y
BeQLAL2
LiFeq]
o ir )
490284
B90284
850207
AHI187
BH0T9Y
850240
i A
BY1I7S
891378
8390341
890415
RP0416
ap0451
Av04%2
BF0420
950454
94319
BRL347
ags31a
BY08T
00276
Q00410
Q0411
Q00414
B0 15
Y611
F004 07
Ll irga
00780
0071
Q00782
o07aY
QL0784
O7as
FUOFTS
OO0 FF
ST
F00BIG
005407

Z0KE

3a
I
Ia
Ia
3z
3
la
3a
3a
3
1]
ET

Ll
&

R I . I T O R I T S N A O T SO T S R S N B -~

COMMENT

TocC

Y

a3

gil Lipe

toxigity
post toxicity sed com

figh larval study

GCMsS
LCAS

GEME

GCHS

toxicity

repeat anaiysis AR-0R

GCMS
5CHS
GCME

GLMS

$1TECODE

23-g,RF, by
X-a,RF,bu
I3-a,RF b
23-+a,RE, b
I3-8,9F,bu
23« a,8¥F bnd

#3-a,RF,ns
Z%~a RF,ns
Z3-a,kF,ns

24,PC, bu-2
74 FE, bad~
Z4 PC bu-1
Z4,PC, bu~2

24, PC, bu+
1%, PC, b2
24 ,PC,bu-1
P

14 ,PL, bu- 1
74,7PC,bw-2
24, FC b~
24, PG b2
24,PL b2
24, PC, bw-1
Z4,PC, b1
24,9C,bu-2
25 ,PC, b~ 1

4, PC,bu~2
=

&4 . PC,bu-1
T4, PC,bw-1
24 ,.0C,bM-2
14, PC, b2
14 . PC,bu-2
24 ,PC,baa- %
24, PC, ba- 1
T4 ,PC buvt
24, PC, B~ i
24, pC B2
24, FC, w2
I4 PO, bw-2
14 ,.5C, bu-2
14 ,.PC,bu+2
14,PC,bw-2
I4,PC, baee 2
24 ,PC. bui~%
24 FC ba-t

LOCATEON
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03s

217
238
219

22%
222
223
224
225
226
227
228
229
230
¥

257
238
259
260
261
202
263
264
285
254
247
264
209
&g

HABITAT

bBluater
= VI
E¥water
bxwates
bkmater
bkunter
bkwate:
bkeater
bkwate:
bkwater
bkuater
bkwater
bkeaters
bkwater®
bkwater*
b¥uwater™
bikmeter*
bkwater*
nrahbrs
nrshore
nrshora
nrzhore
riffim
riffie
riffle
riffle
bkwatar
bkwater
bkuatar
bkwater
bkwater
bkwater
biwater
bkwater
bkwater
thwgter
hwater
bhwater
Dkwater
bhkmater
bkmpter
bkwates
bkwater
bkwates
bkuater
bkwater
bkuater
bkwater
biwiater
bkyater
Hemates
iater
Bwatsr
Bkwater

SED

gandy ailt
sitit
silt
siiy
siit
siit
gamdy siiy
sondy siit

g1t
silx
muck
gand/grav

Sand/gtav

TPR

34
50
A%
)
Mo
230
330
25
39

= 8

54
oo

9300
5T¢0
SO0
$100
42500

5800
3700
S000
2500
2400
5000
4300

93D
1100
BT
121
840

350
200
10
37
4k
33
58
42

BEPTH

5.0
5.0
6.0
A.0
6.0
a.0
5.0
1.0
5.0
4.0
5.0
5.0
8.0
5.0
5.8
8.¢
B.G
4.0
i.g
0.0
0.0
0.0
1.0
0.0
0.0
0.d
2.0
3.0
0.0
6.0
g.0
0.0
0.4
8.0
2.0
Q.0
D.0
5.0
0.0
0.0
0.0
c.n
.o
3.5
L£.0
0.4
5.0
5.0
k.4
4.3
4.5
4.3
4.0
4.0

GASCONADE RIVER TRH DATA

DATE

15U
15.3UNED
15 JLINF0
155UNSa
15 JURBO
15.JUNPO
14DCTH0
140CT90
1600190
440CT90
ISCTY0
1500190
CIMAYERP
n4aAmas
T0JANTD
1RARR0
15RBIR0
1800150
Z6APRBS
27JULAS
27JULB7
27JULBY
30MARBS
Z7JuLey
27JuLbg
griuL8e
ZAAPRAY
2RAPH AP
2AAPREY
2ARPRAT
2AAPRBT
25APREY
24APRER
25APRER
PAAPREY
1iMATED
Z4MATYEY
07IUKE9
O7JUNB?
0dJuLAa9
2TJULEY
27JULBS
2THULES
JiccTap
Jiociee
TINOVES
FRAFRYD
RARPRSD
ORAFRDD
2HIM%0
21JURB0
Z1JURS0
19OETH0
190CTe0

g g = e g JH @ M M MR v e e gma qT (D D bee fT B e e g e pee e e s DT pre e e e g e g e ) P e R D e e e em = 0~ i m W N W A

REL

June
july
july
July
july
oot

oet

aprit
april
aprit
june
une
june

ot

SAMPHOD

¥JuBud
FO0B0Y
Foud40
wanasty
wIae
po12ee
01294
201267
201300
D01654
DO1205
Do1299
BR01R2
ER43TY
PODG T4
foLaiz
SOLIvT
FI8FT
B0288
B4 2
2704613
Bk 14
BY026%
800417
BR048
890419
ag0288
BRO2B9
890301
BYO30Z
Eo0%03
BI0304
830305
BS0304
ol
850371
Beali?
ER1354
B2138%
an0350
BPo430
890431
B90438
8W43Z1
84322
BF0a30
0425
Sl426
00427
RO1120
IRt
waiizz
JoTL02
TR0

IONE

o Y S L - R o L R A A T o I L B L T L o

ol N RNl S o S ol o o I AN ol o
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&t

4a
bg
4a
48
4a

COMMENT

GCMS, TPH <25

10C, GCMS
T0C, GINS
dup 0191
dup 1378
dup 0415
dup 0814
dp 1292
dup 1496
TR# i < 7
TPH is < 5
IPH iz < &

eil {ine

TPH is &.7
TPH i3 < &
TPE is < &

stir & set
astir & set
stir & set
stir & set 2x
stir & ser 2x
atir L set 2x
toxfcity GLWS

peay taxicity sed com

figh lerval study

LCME

toxicity
GCHS

GCMS

R1YECODE

24,PC, bu~1
24 ,PC, b2
24,PC,bu-2
24,PC a2
24,PC bue2
Z4,PC,bu-2

T4, PC bu-2
24,PC,bu-2
24,PC,bu-2?
14 ,FC bu-2
26,70, bw-2

24 ,PC,ng
Z4,PC, N8
Z4,PC,n8
Z4,PC, s
4 PC,ng
Z4,.p0, ¥
24,PC, vt
16.P0, ¢
L8, 31,5,
i~a,11.5,bu
th-8,31.5, b

Z4-a,51.5,bu
B
26-a,51.5, b
24-2,31.5 b
288,315 b
T4-a,31.5,bu
24-8,31.5, bw
246-9,31.5,bw

T4-8,31.5,
T4-n,11.5,bu
T4-a,31.5, b
Z4va, 31,5, by
24-8,31.5,bu
24-8,31.5,bw
24-8,31.5, bu

LOCATION
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0BS

271
272
273
274
275
276
277
278
2"y
280
281
282
283
284
285
286
287
288
289
250
2
292
293
294
295
296
297
298
299
300
30
302
303
304
305
306
3o7
308
309
310
in
312
313
314
315
316
nr
318
39
320
3
322
323
324

HABITAT

bkwater
bkwater®
bkwater®
bkwater*
nrshore
nrshore
nrshore
riffle
riffle
riffle
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkuwater
bkuwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkuater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwatar
bkuwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater

SED

muck
muck
muck
muck

muck
muek
silty sand
muek
muck
muck
muck
silt
muck
muck
silt
muck

silt
silt
muck
silt

sandy silt
sardy silt
silt
silt
sandy silt
silt
muck
sandy silt
sandy silt
sandy silt
sandy silt

sandy silt
sandy silt
sandy silt
sandy silt
sandy silt
sardy silt
muck

muck

TPH

53
160
45
39

L= - Y R, P -

810
320
140
500
00
630
$20
740
700
&40
670
&30
1100
&80
970
360
8560

350
560
660
120
560
130
330
750
220
120
340
110
62
34
42
2560
590
240
250
4500
2000
25
25
48
230

DEPTH

3.0
4.0
4.5
4.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
3.0
1.0
3.0
3.0
a.0
0.0
2.0
0.0
a.0
0.0
1.0
0.0
0.0
0.0
0.0
0.5
0.7
0.3
5.0
5.0
0.0
5.0
0.0
5.5
5.5
1.5
1.5
5.5
1.5
2.0
2.5
3.0
5.0
5.0
0.0
0.0
0.0
0.0
2.0
2.0
3.0
4.0
4.5

DATE

190CTR0
DAPRPO
21JUN%0
190CT90
27JuL89
27JuL89
274uL89
27JuL8e
274uL89
274uLse
O9MARBY
OPMARBY
O9MARBY
28MARBY
20MARED
20MAREY
2BMARBY
26APRBY
04MAYBY
10MAYED
24LMAYEY
DEJUNED
D&JULER
28JUL89
28JuUL89
28JUL89
02AUGBY
02AUGBY
D2AUGES
250CTE9
2560CT89
260CT8Y
260CT89
13NOVEY
31JANSO
31JANSO
31JANPO
31JANPO
31JAN90
31JANSD
26MARSD
2AMARDO
26MARSQ
26MARSQ
2EMARSO
26MARS0
DEJUNRD
D&6JUNSD
DEJUNRD
15JUNRO
15JUNSD
154UNPO
15JUNPD
15JUNSO

GASCOMADE RIVER TPH DATA

w & D> DB BB~ = — — — — — — ——_— — ) — — — — ] @M —~ — — DM — T M o e = = (O (D (D = e o pm osmw oom opm o= B —

REL

oet
april
June
oct
july
july
july
july
july
july
march
march
march
march
march
march
march
april
may
may
may
june
july
july
july
july
aug
augst
augst
oct
oet
oct
act
nov
jan
jan
jan
jen
jan
jan
march
march
march
march
march
march
june
june
june
Jure
june
june
june
june

SAMPNC

207401
900428
901123
907403
890432
890433
890435
890434
890436
890437
890244
890246
890247
890259
890271
890274
850281
890278
890200
890308
890315
891380
890339
890409
890411
890410
890473
890427
890428
894325
894326
894328
894324
agosza
900418
900419
900423
900424
900417
900422
900787
900788
90078%
00791
900792
900790
00979
00980
900981
900814
900815
900816
900817
900818

ZONE

4a
[¥:]
4a
4a
La
ha
(3]
4a
4a

ol
-]

[ T IR VLY L R Y R T R R e Y R Y Y Y Y Y Y I LR RV BV BT Ot BV BT R EET ST SV BT R T ST RV SR T BT, |

COMMERT

T0C, GO
dup 042
dup 112
dup 740
TPH s

TPH is
TPH is
TPH is
TPH is
GCMS
GCMS

GCMS

stir &
stir &

GCMS
toxicit

post toxicity sed com

fish larval study

GCMS
GCMS

site out of water,dri

GCHS
toxicit

GCHS
Toc
Toc

ToC

T0C, TP
TPH <25

GCMS

M5
7

2

3
5.9

<3
<5
<&
< &

set
set 2x

y GCMS

¥

H <25

SITECODE

24-a,31.5,bw
24-a,31.5,bw

24-a,31.5,ns
24-8,31.5,ns
Z4-8,31.5,ns
24-8,31.5,rf
Z4-a,31.5,rf
Z4-a,31.5,rf
25,H1,bw-1

Z5 ,HI , bwi-1

5,11, bu-1
25,11, bu=1

Z5,H1, bw-1
Z5,H1, bwi~1
25,01, bw-1
P

25,41, bwi-1
25,H1,bw-2
Z5,H1,bw-2
Z5,H1,bw-2
25,01, bu-2

ed

5,41, bw~2
25,41, bu-2
25,01, bu-2
Z5,H1, bw=1
Z5,H1, bw=1
25,01, bu-2
25,11, bu-1
25,11, bu-1
5,41, bw=1
5,41, bwi-1
5,01, bw-2
Z5,H1,bw-2
25, HF ,bu-2
25, H1,bu-2
25,41, bu-2
25, H1,bu-2
25, HI, bw-1
25, HI, bw-1
75, H1, bu-1
Z5,H1,bu-2
25, HE ,bu-2

LOCATION
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OBS

325
324
327
328
32¢
330
33
332
333
334
335
336
137
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
36k
365
366
357
358
369
370
in
372
373
374
375
376
37
378

HABITAT

bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater*
bkwater*
bkwater*
bkwater*
bkwater*
bkwater*
bkwater®
bkwater®
bkwater*
bkwater*
bkwater*
bkwater*
nrshore
nrshore
nrshore
nrshore
nrshore
nrshore
riffle
riffle
riffle
riffle
riffle
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkuater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkuater
bkuater
bkwater

SED

muck

muck

sansiltdet
sansiltdet
sansiltdet
sardy silt
sardly silt
sandy silt
silty sand
silty sand
silty sand
muck

sandy silt
sansiltdet
stlty sand

gravel
detritus

silt
silt
silt
sendy silt
muck
sandy silt
muck

TPH

450
1100
330
810
42
39
39
39
49
80
92
840
760
700
540
430
630
860
970
440
£30
59
B4
510
61
g

7

9
200
10

5000

5

5

5
100
26
17
180
53
120
220
&1
36
26
69
30
33
69
92
110
23
21

DEFTH

5.0
3.0
8.0
8.0
8.0
1.0
1.0
1.0
3.0
5.0
3.0
3.0
3.0
3.0
3.0
0.0
0.0
0.0
0.0
0.5
5.5
8.0
5.0
3.0
2.0
0.0
0.0
0.0
2.0
1.5
1.5
0.3
0.3
1.0
5.0
5.0
3.0
0.0
0.0
0.0
0.0
0.0
0.0
6.5
6,0
5.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

GASCONADE RIVER TPH DATA

DATE

15JUNSD
153JUN90
21JUNPO
21JUNR0
21JUNR0
160CT90
16QCT90
16QCT90
16QCT0
160CT0
160CT90
O9HARBY
28MARBY
28MARBY
28MARBY
28MARBY
28MARBY
28MARBY
28MARBY
02AUGBY
31JANSO
21JUNSO
160CT90
28JuUL8%
28JUL89
ZBauLsy
284ULBY
28JuLaeg?
28.UL8%
28MARBS
28MARBS
28JuL89
28JuULBY
28JuUL89
OBMARBY
27MARBY
27HARBS
27MARBY
D4MAYBS
D4MAYBS
D4MAYBS
10MAYED
24MAYES
07JUNB?
07JUNB?
07JuNBY
06JuLB?
28JuL89
28JuLB9
28JuUL8Y
28JuL8?
02NOYRY
02NOvE?
02NOvSY

M M M e~ e e o= D D DM O — D D MM e~ — = (D — "~ r= = == r— ==~ = s~ e § — — = — — = = (D = = — = = — — — — {8 @

REL

june
june
june
june
june
oct
oct
oct
cct
oct
oct
march
march
march
march
march
march
march
march
aug
jan
june
oct
july
july
july
july
july
july
march
march
july
july
july
march
mareh
march
march
may
may
may
may
may
june
june
june
July
juty
july
july
july
nov
nov
nov

SAMPND

900819
900820
901126
901127
901128
907406
907407
907408
907410
907411
07409
890245
890260
890272
890273
890275
890275
890282
890283
890472
200420
901129
207412
890403
390404
390455
8904556
890457
890405
890262
890261
890406
890407
890408
890239
890255
890256
890257
890195
890197
890198
890309
890316
891389
891387
891388
890338
890421
890422
890425
8203460
890697
890698
894343

ZONE
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COMMENT

GCMS

TPH is <39, TOGC
TPH is <39
TPH is <39

TOC, GCMS

dup 0244 for TFH only

dup 0259
dup 0271
dup 0271
dup 0274
dup 0274
dup 0281
dup 0281
dup 0475 GCMS
dup 0419
dup 1128
dup 7411

TPH is B.7
TPH i& 6.8
TPH is B.9

TPH is < 5
TPH is < 5
TPH is < 5

control
GCMS

toxicity GCMS

post toxicity sed com

fish larval study

GCMS
GCMS

SITECODE

5, K1, bu-2
75,K1,bw-2
5, H1,bw-2
25,1, bu-2
5, H1, bu-2

75,H1, ba-1
75,01, ba-1
25, H1,bw-1
Z5,H1, ba- 1

25, H1,bw-2
5, M1, bu-2

Z5,41,ns
25,H1,ns
25,Hl,ns
Z5,H1,ns
Z5,HI,ns
Z5,H1,n8

25,H1,rf
25, HI,rf
5,1, rf

26,6, bw-2
26,6, bw-2
26,6, bu-1
26,6, bid~2
4}

26,6, bu-1
26,6, bu-2
6,06, bu-1
6,6, bu-1
26,6, bu-1
26,6, bu-1
26,G,bw-2
26,G,bw-2
26,6, bw-2
26,6, bw-1

LOCATION
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396
97
28
Jw
400
o
02
403
‘0
05
%06
407
08
09
410
1
12
413
‘14
15
416

HABITAT

bkwater
bkwater
bkuwater
bkwater
nrshore
riffle

riffle

riffle

riffle

riffle

riffle

bkwater
sandbar
sandbar
sandbar
sandbar
bkwater
bkwater
bkwater
channel
chapnel
sandbar
sandbar
sandbar
sandbar
sandbar
sandbar
sandbar
sandbar
sandbar
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
bkwater
Ekwater

SED

sardy silt
sandy silt
sand/fgrav
sand/grav

muck

sand

sand

silty sand
muck

sand
gravel

sand

TPH

&7

0

45
30
125
38
19000
10
35
20
16
76
10
10
10

7
250
1400
150
10
2600
100
10
10
1300
500
10
10
10

30
540

110
51
590
41
230

DEPTH

wio oo o oo Oo o000 0o 0000000000000 Q0022 Wo o0 o0

GASCONADE RIYER TPH DATA

DATE

02Novae
02NOVE?
02NOVE?
13N0VE?
08MARE?
08MARS?
08MARE?
0BMARB?
27THARB?
28JUL8?
28JULE?
O3MARS?
18AUGE?
18AUGE?
18AUGB?
02NDVE?
03MARE?
13MARB?
13IMARBY
13MARE?
13MARE?
18AUGE?
18AUGE?
18AUGBS
18aUGB9
18ALGE?
18AUGEY
18AlGBY
18aUG89
02N0vEe%
13N0v8?
1340VEY
13H0vE9
13N0VE9
13NDV8%
13NOVED
05JULE?
0T JUNBY

°« o M  @® O P P D —~ ~ ~ r— ¢~ ~ ~— ~ P O O O O T —~ —~ ~—~ @O — ~— —~ @ P DO B O D> O O

REL

nov
nov
nov
nov
march
march
march
march
march
juiy
july
march
aug
aug
aug
nov
march
march
march

march
aug
aug
aug
aug
aug
auy
aug
aug
nov
nov
nov

nov
nov
nov
july
june

SAMPNO

894344
BoDasd
894345
890829
890240
890243
890242
890241
890258
890423
890429
890237
890609
890610
890611
80063¢
890238
890253
ap0252
890250
890251
890601
890602
890603
890404
890605
890606
BP0O607
890408
8905640
890811
890832
as0833
890834
890835
890836
80337
891382

ZONE
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COMMENT

GCMS data only
TOC

toxicity

GCMS

GCMS

oil line GCMS

GCHS

TPH is < 10
TPH is < 10
TPH is < 10
TOC TPH is < 7
GCHS

TPH is < 10

TPH is < 10
TPH is < 10
oiled area
oiled area
TPR is < 10
TPR is < 10
TPH is < 10
TOC TPH is < 7
MDOC sample
MDOC sample
MDOC TPH < 7
MDOC sample
MDOC sample
MDOC campie

fish larval study

1 time onty

SITECQDE

26,6, bw-1
76,G,bw-2
76,6, bw-1
76,6, bw-1

27, MR

28, MR
Z8,MR
28,MR
Z8,MR

LOCATION



