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SUMMARY

In June 2001, composite periphyton samples were collected

from natural substrates at five sites on 0' Fallon Creek and from

six sites on Pennel , Sandstone, and South Sandstone Creeks in

southeastern Montana. Samples were collected following standard

operating procedures of the Montana Department of Environmental

Quality, processed and analyzed using standard methods for

periphyton, and evaluated following modified USEPA rapid

bioassessment protocols for wadeable streams.

The upper site on 0' Fallon Creek (Willard Crossing) was

severely impaired due to siltation and suffered moderate

impairment due to salinity and organic loading. Water quality

improved downstream, although moderate impairment was still

evident at the site below Willard Crossing (salinity and organic

loading) and at Highway 12 (low diatom diversity and siltation)

.

The upper site on Pennel Creek was moderately impaired due

to siltation and organic loading. Diatom metrics at the lower

site on Pennel Creek indicated recovery and only minor impairment

and full support of aquatic life uses.

The single site near the mouth of South Sandstone Creek was

dominated by two brackish water species of Synedra, resulting in

very low diatom diversity and a large percent dominant species.

South Sandstone Creek was severely impaired by salinity and did

not support aquatic life uses for a prairie stream.

Diatom metrics at all three sites on Sandstone Creek

indicated moderate impairment due to siltation. In addition, the

upper site had a very large percent dominant species value,

resulting in a low diatom diversity index that also indicated

moderate impairment. Water quality in Sandstone Creek improved

somewhat from upstream to downstream.



INTRODUCTION

This report evaluates the biological integrity, support of

aquatic life uses, and probable causes of impairment to those

uses at 11 stations on 0' Fallon Creek and three tributaries of

0' Fallon Creek in southeastern Montana. The purpose of this

report is to provide information that will help the State of

Montana determine whether these streams are water-quality limited

and in need of TMDLs

.

The federal Clean Water Act directs states to develop water

pollution control plans (Total Maximum Daily Loads or TMDLs) that

set limits on pollution loading to water-quality limited waters.

Water-quality limited waters are lakes and stream segments that

do not meet water-quality standards, that is, that do not fully

support their beneficial uses. The Clean Water Act and USEPA

regulations require each state to (1) identify waters that are

water-quality limited, (2) prioritize and target waters for

TMDLs, and (3) develop TMDL plans to attain and maintain water-

quality standards for all water-quality limited waters.

The evaluations in this report are based on the structure

and species composition of the periphyton or phytobenthos

community. The periphyton community is a basic biological

component of all aquatic ecosystems. Periphyton accounts for

much of the primary production and biological diversity of

Montana streams (Bahls et al . 1992).

Periphyton is a diverse assortment of simple photosynthetic

organisms called algae, and other microorganisms that live

attached to or in close proximity of the stream bottom. Many

algae, such as the diatoms, are microscopic. Diatoms are

distinguished by having a cell wall composed of opaline glass-

-

hydrated amorphous silica. Diatoms often carpet a stream bottom

with a slippery brown film.



Some algae, such as the filamentous greens, are conspicuous

and their excessive growth may be aesthetically displeasing.

Algae may also deplete dissolved oxygen, interfere with fishing

and fish spawning, clog water filters and irrigation intakes,

create tastes and odors in drinking water, and generate toxins

that may be lethal to livestock and other animals.

Plafkin et al . (1989) and Stevenson and Bahls (1999) list

several advantages for using periphyton in biological assessments

of streams:

Algae are universally present in large numbers in all
streams and unimpaired periphyton assemblages typically
support a large number (>30) of species;

Algae have rapid reproduction rates and short life cycles,
making them useful indicators of short-term impacts;

As primary producers, algae are most directly affected by
physical and chemical factors, such as temperature,
nutrients, dissolved salts, and toxins,-

Sampling is quick, easy and inexpensive, and causes minimal
damage to resident biota and their habitat;

Standard methods and criteria exist for evaluating the
composition, structure, and biomass of algal associations;

Identification to species is straightforward for the
diatoms, for which there is a large body of taxonomic and
ecological literature;

Excessive algae growth in streams is often correctly
perceived as a problem by the public.

Periphyton and other biological communities reflect the
biological integrity1 of waterbodies,- restoring and
maintaining the biological integrity of waterbodies is a
goal of the federal Clean Water Act;

Periphyton and other biological communities integrate the

1 Biological integrity is defined as "the ability of an
aquatic ecosystem to support and maintain a balanced, integrated,
adaptive community of organisms having a species composition,
diversity, and functional organization comparable to that of
natural habitats within a region" (Karr and Dudley 1981)

.



effects of different stressors and provide a measure of
their aggregate impact; and

Periphyton and other biological communities may be the only
practical means of evaluating impacts from non-point sources
of pollution where specific ambient criteria do not exist
(e.g., impacts that degrade habitat or increase nutrients).

PROJECT AREA AND SAMPLING SITES

The project area is located in Carter, Fallon, Custer and

Prairie Counties in southeastern Montana. 0' Fallon Creek heads

near Ekalaka in northern Carter County and flows northerly for

about 80 miles, joining the Yellowstone River below Terry at the

unincorporated community of Fallon. Sandstone Creek, the largest

tributary of 0' Fallon Creek, begins near Baker (pop. 2354) and

flows westerly for about 25 miles, entering 0' Fallon Creek near

Ismay (pop. 31) . South Sandstone Creek ("South Fork" on the USGS

hydrologic map) enters Sandstone Creek near Plevna (pop. 191)

.

Pennel Creek, another major tributary, enters 0' Fallon Creek

about 8 miles below the mouth of Sandstone Creek.

The watershed of 0' Fallon Creek is located within the

Northwestern Great Plains Ecoregion (Woods et al . 1999). The

surface geology of the watershed is composed of the Fort Union

Formation, a coal -bearing sedimentary deposit of Paleocene age

(Renfro and Feray 1972) . Upland vegetation is predominantly

mixed grassland (USDA 1976) . The main land uses are livestock

grazing and dryland farming. The area is largely rural with

scattered farms

.

Periphyton samples were collected at eleven sites: 5 on

0' Fallon Creek, 2 on Pennel Creek, 3 on Sandstone Creek, and 1 on

South Sandstone Creek (Maps 1-4, Table 1) . Elevations at the

sampling sites range from about 3,000 feet near the head of



0' Fallon Creek to 2,500 feet at its mouth. 0' Fallon Creek and

tributaries are classified C-3 in the Montana Surface Water

Quality Standards.

METHODS

Periphyton samples were collected following standard

operating procedures of the Planning, Prevention, and Assistance

Division of the Montana Department of Environmental Quality.

Using appropriate tools, microalgae were scraped, brushed, and/or

sucked from natural substrates in proportion to the rank of those

substrates at the study site. Macroalgae were picked by hand in

proportion to their abundance at the site. All collections of

microalgae and macroalgae were pooled into a common container and

preserved with Lugol's solution (APHA 1998)

.

Samples were examined to estimate the relative abundance of

cells and rank by biovolume of diatoms and genera of soft (non-

diatom) algae according to the method described in Bahls (1993) .

Soft algae were identified using Dillard (1999) , Prescott (1978) ,

Smith (1950) , and Whitford and Schumacher (1984) . These books

also served as references on the ecology of the soft algae, along

with Palmer (1977)

.

After the identification of soft algae, raw periphyton

samples were cleaned of organic matter using sulfuric acid, and

permanent diatom slides were prepared using Naphrax, a high

refractive index mounting medium, following Standard Methods for

the Examination of Water and Wastewater (APHA 1998) . For each

slide, between 402 and 473 diatom cells (804 to 946 valves) were

counted at random and identified to species. The following were

used as the main taxonomic and autecological references for the

diatoms: Krammer and Lange-Bertalot 1986, 1988, 1991a, 1991b;

Patrick and Reimer 1966, 1975.



Lowe (1974) was also used as an ecological reference for the

diatoms. Bahls et al . (1984) provide autecological information

on important diatom species that live in the Fort Union Region of

Montana, including many of the diatom species found in 0' Fallon

Creek and tributaries.

The diatom proportional counts were used to generate an

array of diatom association metrics (Table 2) . A metric is a

characteristic of the biota that changes in some predictable way

with increased human influence (Barbour et al . 1999)

.

Metric values for 0' Fallon Creek and tributaries were

compared to numeric biocriteria developed for streams in the

Great Plains Ecoregions of Montana (Table 3) . These criteria are

based on metric values measured in least -impaired reference

streams (Bahls et al . 1992) and on metric values measured in

streams that are known to be impaired by various sources and

causes of pollution (Bahls 1993).

The criteria in Table 3 distinguish among four levels of

impairment and three levels of aquatic life use support: no

impairment or only minor impairment (full support) ; moderate

impairment (partial support) ; and severe impairment (nonsupport)

.

These impairment levels correspond to excellent, good, fair, and

poor biological integrity, respectively.

QUALTIY ASSURANCE

Several steps were taken to assure that the study results

are accurate and reproducible.

Upon receipt of the samples, station and sample information

were recorded in a laboratory notebook and samples were assigned

a unique number compatible with the Montana Diatom Database,



e.g., 1869-02. The first part of this number (1869) designates

the sample site (0' Fallon Creek at Willard Crossing); the second

part of the number (02) designates the number of periphyton

samples that have been collected at this site to date for which

data have been entered into the Montana Diatom Database

.

Sample observations and analyses of soft (non-diatom) algae

were recorded in a lab notebook. A portion of the raw sample was

used to make duplicate diatom slides.

On completion of the project, station information, sample

information, and diatom proportional count data will be entered

into the Montana Diatom Database. One set of diatom slides will

be deposited in the University of Montana Herbarium in Missoula.

The other set of slides will be retained by Hannaea in Helena.

RESULTS AND DISCUSSION

Results are presented in Tables 4 through 7, located near

the end of this report following the references section.

Spreadsheets containing completed diatom proportional counts,

with species' pollution tolerance classes and percent abundances,

are attached as Appendix A.

SAMPLE NOTES

O'Fallon Creek at Willard Crossing (OF-7). The sample from

this site contained Myriophyllum and Ranunculus.

O'Fallon Creek below Willard Crossing (AF-3) . The sample

from this site was very silty and contained Myriophyllum and

Zanichellia.



O'Fallon Creek at Highway 12 (AF-5) . The sample from this

site was silty and contained Ranunculus . Oedogonium was present

as an epiphyte on Rhizoclonium.

O'Fallon Creek at Mildred (BF-8) . The sample from this site

was composed mostly of Zanichellia and masses of fungal hyphae

.

The sample was very silts.

O'Fallon Creek near mouth (BF-16) . The sample from this

site was silty. The Cladophora in this sample was smothered with

diatom epiphytes and had main filaments that were about 3 times

the diameter of the Rhizoclonium filaments in this sample.

Pennel Creek, upper (DF-6) . The sample from this site was

silty and contained Sagittaria leaves.

Pennel Creek at mouth (DF-10) . The sample from this site

consisted mostly of Zanichellia

.

South Sandstone Creek near mouth (SS-3) . This sample

contained an unidentifiable macrophyte and very small colonies of

Nostoc. Phormidium grew mainly as an epiphyte on Rhizoclonium.

Sandstone Creek east of Plevna (AS-2) . The sample from this

site contained an unidentifiable macrophyte and Cladophora

filaments that were 3 to 4 times the diameter of Rhizoclonium

filaments found in the same sample. Two species of Oedogonium

were present in this sample.

Sandstone Creek below South Fork (AS- 5) . This sample

contained Myriophyllum.

Sandstone Creek near mouth at Bickle Bridge (CF-11) . At

least 2 species of Oedogonium were present in this sample.



NON-DIATOM ALGAE

0' Fallon Creek. Periphyton samples from 0' Fallon Creek

contained between 7 and 11 genera of non-diatom algae (Table 4)

.

This is less than the average number of non-diatom algal genera

(13) reported from plains streams in Montana (Bahls 1993) . Five

algal divisions were represented in 0' Fallon Creek: Green algae

(Chlorophyta) , euglenoid algae (Euglenophyta) ,
golden algae

(Chrysophyta) , red algae (Rhodophyta) , and cyanobacteria

(Cyanophyta) .

Diatoms ranked first in biovolume at all sites on 0' Fallon

Creek. Filamentous green algae ranked second in biovolume at all

sites, notably Rhizoclonium, which was present at all sites,

Microspora, and Cladophora (Table 4) . These algae are sessile

and attach by holdfasts, indicating the presence of suitable firm

substrates at all sampling sites on 0' Fallon Creek. Microspora,

which prefers cool water, was present only at the three upper

sampling sites.

Euglenoid algae (Euglena and Phacus) were present, but not

common, at all sites. These algae are good indicators of organic

loading. The cool -water chrysophyte Tribonema was present at

Willard Crossing (OF-7) , but not at any of the downstream sites.

Audouinella, a red alga that is sensitive to organic loading, was

present only near the mouth of 0' Fallon Creek. Cyanobacteria

were present at all sites. With the exception of the rare genus

Romeria at BF-8, cyanobacteria were found only in small numbers.

The station at Willard Crossing (OF-7) was also sampled in

September 1999 (Bahls 2000) . In both 1999 and 2001, diatoms and

green algae, particularly Rhizoclonium, dominated the algal flora

at this site. This site supported 10 genera of non-diatom algae

in 1999 and 9 genera in 2001. Stigeoclonium, an indicator of

organic loading, was present here in 1999 but not in 2001.



Tributaries. Tributaries of 0' Fallon Creek supported

between 6 and 13 genera of non-diatom algae (Table 5) . The

average number of non-diatom algal genera reported from plains

streams in Montana is 13, with a range of 9 to 19 (Bahls 1993) .

Although six divisions of non-diatom algae were represented in

tributary samples, only green algae and cyanobacteria accounted

for a significant number of genera and algal cells (Table 5)

.

Diatoms and filamentous green algae ranked first or second

in biovolume at all tributary sites (Tabic 5) . Among green

algae, Rhizoclonium, Microspora, Oedogonium, and Chara accounted

for most of the biomass at tributary sites. The cool -water green

alga Microspora was present (and abundant) only at the upper site

on Sandstone Creek (AS-2) . The cool -water chrysophyte Tribonema

was found only at the upper site on Pennel Creek (DF-6) . The

macroalga Chara was found only in Pennel Creek.

Euglenoid algae were present but uncommon at all but two

sites (DF-10 and AS-2) . Stigeoclonium, another indicator of

organic pollution, was present at AS-5. Glenodinium, a planktonic

dinof lagellate, was found in Pennel Creek and in South Sandstone

Creek, indicating ponding in these streams. Cyanobacteria were

present at all tributary sites and common to very common in upper

Pennel Creek, South Sandstone Creek, and upper Sandstone Creek.

DIATOMS

0' Fallon Creek. Most of the major diatom species from

0' Fallon Creek are either tolerant or very tolerant of pollution

(Table 6) . As a result, pollution index values for sites on

0' Fallon Creek indicate either minor or moderate impairment.

Moderate impairment by pollution is indicated at the two upstream

sites and minor impairment by pollution is indicated at the three

downstream sites.

10



Of the three most tolerant (Class 1) diatom species in

0' Fallon Creek, two (Nitzschia agnita and N. agnita) are brackish

water species and one (Nitzschia palea) prefers polysaprobic

conditions. All of the somewhat tolerant (Class 2) diatom

species in Table 6 prefer waters with high concentrations of

electrolytes. Hence, the two most likely causes of pollution in

0' Fallon Creek are salinity and organic loading. Organic loading

in 0' Fallon Creek may be internal and result from the breakdown

of aquatic plants.

Diatom species richness in 0' Fallon Creek ranged from 33 at

OF-7 to 70 at the next downstream site (AF-3) . Diatom species

diversity (Shannon) also increased between these two sites.

Based on changes in major species, this increase in diversity

appears to have resulted mainly from a decrease in salinity. Low

diversity values indicate minor impairment at all sites except

AF-5, where moderate impairment is indicated by the large

percentage of Nitzschia frustulum (Table 6) . N. frustulum, one

of the most common diatoms in the Fort Union Region, prefers

eutrophic conditions and alkaline fresh waters (Lowe 1974) .

A very large percentage of motile diatoms in the genera

Navicula and Nitzschia indicate severe impairment by siltation at

the upstream site (OF-7), moderate impairment at AF-5, and minor

impairment at the remaining three sites. In general, impairment

from both siltation and pollution decreases in a downstream

direction (Table 6)

.

A few abnormal diatom cells were counted at three of the

five sites on 0' Fallon Creek, indicating minor impairment. The

cause of these abnormal cells is unknown. Diatoms in the family

Epithemiaceae accounted for only a small percentage of diatom

cells in 0' Fallon Creek, indicating that nitrogen was probably

not the limiting nutrient.

11



Percent community similarity values for 0' Fallon Creek

indicate that adjacent sites shared about half of their floras in

common (Table 6) . Adjacent sites became f loristically more

similar as one proceeded downstream. The upper site (OF- 7) and

the lowest site (BF-16) shared 43% of their floras.

In September 1999, diatom metrics at Willard Crossing

indicated moderate impairment due to siltation and low diversity

(Table 5, Bahls 2000) . In June 2001, diatom metrics at Willard

Crossing indicated moderate impairment due to pollution

(salinity) and severe impairment due to siltation (Table 6)

.

These different indications may result from sampling in different

seasons, i.e., early fall in 1999 and early summer in 2001.

Tributaries. All of the major diatom species in tributaries

of 0' Fallon Creek are either tolerant (Class 2) or very tolerant

(Class 1) of pollution. As a result, the pollution index

indicated either moderate impairment (upper Pennel Creek) or

minor impairment (all other sites) in these streams (Table 7)

.

The dominant diatom species in Pennel Creek was Nitzschia

frustulum, which indicates alkaline fresh waters. Also common in

Pennel Creek was Nitzschia palea, which indicates substantial

organic loading and moderate impairment at the upper site. A

large percentage of motile diatoms also indicated moderate

impairment from siltation and partial support of aquatic life

uses at the upper site (Table 7) . A larger pollution index and a

smaller siltation index indicated some recovery and only minor

impairment at the lower site on Pennel Creek. The two sites on

Pennel Creek had over half of their diatom floras in common.

The South Fork of Sandstone Creek at SS-3 was dominated by

two species of Synedra: S. fasciculata and S. pulchella (Table

7) . Both of these are brackish water species, occurring in salt

concentrations up to 30,000 mg/L (Lowe 1974). Hence, the very

12



low species diversity and species richness at this site and the

large percentage of the dominant species {S. fasciculata) were

likely caused by elevated levels of salinity. Salinity resulted

in severe impairment and non- support of aquatic life uses in the

South Fork of Sandstone Creek. Siltation, on the other hand, was

very low in South Sandstone Creek and caused no impairment.

As in Pennel Creek, all three sites on Sandstone Creek were

dominated by Nitzschia frustulum, which indicates alkaline fresh

water. However, low diatom diversity, a large percentage of the

dominant species, and a large siltation index all indicate

moderate impairment and partial support of aquatic life uses in

upper Sandstone Creek (Table 7) . Downstream in Sandstone Creek,

diatom diversity increased and the percentage of N. frustulum

decreased. Nevertheless, the percentage of motile diatoms in

lower Sandstone Creek remained high, resulting in moderate

impairment from siltation at all three sites on this stream. The

three sites on Sandstone Creek had over 60% of their diatom

floras in common (Table 7)

.

13
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APPENDIX A: DIATOM PROPORTIONAL COUNTS



O'Fallon Creek at Willard Crossing 9/25/01

Sample Gertus/SpeciesArafJety Po4totkm Tolerance Class } Counl Percent



O'Fallon Creek below Willard Crossing (AF-3) 9/25/01

! Sample
i Genus/Species/Variety



O'Fallon Creek below Willard Crossing (AF-3) 9/25/01

Sample



O'Fallon Creek at Highway 12 (AF-5) 9/25/01

Sample



O'Fallon Creek at Mildred (BF-8) 9/25/01

Sample <^nus/SpecIes/Vadeiy Pollution Tolerance Class Count Percent

ieolata.-024202AC
Q742Q2

i
Achnantties miautissima .43.

-0.23
5-02

Q742Q2Amphara.pediculus_
0Z42Q2Amphora_veneta-
QZ4202Caioneis- haciilum
074202

t
Cyclotella-atomus

Q742Q2|Cyclotella meneghiniana
074202 Cymbella affinis

H74202jCymhella miielleri

074202 Cymhfillapu.silla

QZ4202lCv esiaca
_Q7420ZElenticula_suhUlis

-0-41
H.12
Q-00
0.58
_(L47
.0-23

0.12
-0-70
0.00
_C35

-0742Q2.Diatoma tenue-
J17.42Q2

t
Diploneis^puella_

074202:Entomoneis paludosa

_111-
-6Z.
_13.

1? 97
_XS3
JL52

-074202 Epithemia turgida

074? 2P ragilaria vaucheriae
074?0?,Gc
Q74202Gym .sigm f

074202!Ma.stnglnia smithii

aceum
AA.

Q.82
1 64
Q-QQ
J1J2Z

93
Q74202

!

Navicula capitata
£L74202iNavir.ula caterva

1202
l

Navir,ula duerrenhergiana
Q74202 ;Navic.ula erifuga

Jl
0-12
Jl.29

0.23
0.23

Q74202 Navicnla gnersii Oft?
1 17QX4202iNaviCLila gregaria

H74?0? Navicula menisculus-
QZ42Q2lNayiciila omissa

10
JL23
01?

Q74202JslavJcula recens
Q74?0?jNavicula salinamm
0Z4202 Navinula tenellnides JLQ.

0.47
0.00

1 17
l42Q2Navicula tenera

HZ4202iNavicula venela. _23
.0.23

2^9
07420? Nit7.sr.hia agnita_

[42Q2Nitz.sr,hia.amphihia^

QZ4202Nit7sr,hia apir.iilata.

074?0? Nitzschia aurariae
0Z42Q2iNitzsc.hia bergii

A& 1 87
-Q23
0.Q0
JL23
-XLOO

0742DZNitzschia calida

QZ4202iNitz.sc.hia dissipata

0.23
0.23

-1-1Z074202.Nitzsr.hia filiformis JO.
Q74?0?;Nit7.sr.hia fmstulum
0742024Nit7.schia gracilis

Jil2
JL2.

_36-45
1 40

074202 Nitzschiaimngarica
OZ4202iNit7.sr,hia liehetnithii

JL47
0.00

074?02|Nitzschia microcephala
0Z42Q2Mtzschia palea
074202 Nitzschia paleacea

-12.

25
1 40
2-92
Q-23

074202 Nitzschia-pusilla 1 5
i!742Q2;Nit7.sr.hia reversa 10 1 17
.O74?0? Nit7sr,hia siliqua 0.00
QZ4202,Nitzschia solita

..074202jNitzschia-yaldestriata

surosii

E4202jRrioicospbat
QZ4202ilhr)palodia hrehissoniL

^LQ_

-20

1 1 7
-Q-12

.0-70

2-34
_Q_4Z

0Z4202jRhnpalndia operculata .0.00

Q74?0?iStftphanodiscus minutus
H14202iSurirftlla brebissonii

0Z420?
r
SiirirRlla minuta

Q742Q2 Synedra fasciculata 26

0-00
.0.00

0-12
3.04

Q74202Synedra pulchella
07420? fiynprim ulna

-0-12
1?l

Page 1



O'Fallon Creek near mouth (BF-16) 9/25/01

Sample Genus/Species/Variety Pollution Tolerance CfM
21 7801 Achnanthes minutissima

21 7801 Amphora veneia
217801 Caioneis bacillum
21780l.Cocconeis pediculus

!17801.Cocconeis placenlula_

21 78Q1.CyclostephanQ&AhQ]ifQimis _

21780l.Cyclotellaatomus
21780lCyclotelIa meneghiniana
217801 Cymbella affinis

!17801.CymbeliamueUeri
2178QlCymbella._pusilla^

21780LDiatoma ienue_

2.178QlDiploneis.piiella_

2 1 7801 Entomoneis paludosa
217801 Fragilaria vaucheriae

136

JLL

A&
Al.

-23l

16.15

0.00
0.24

-JL31

0.48

0.95

0.71

0.48

Q.48

ILQD

0.24

Z14
1.54

0.24

2JJ>
217801 Gomphonema clavatum ^a 11 .40
21

7

801 .Gomphonema micropus

21 7801 Gomphonema minutum
217801 Gomphonema parvulum
17801 Gomphonema pumilum

217801 Navicula capitata

_24.
8.

0.36

2.85
(L9_5

0.24

0.36

217801'Navicula caterva 0.16

217801 Navicula cincta

2178Q1.Navicula_erifuga

217801 Navicula goersii

217801 Navicula gregaria

0.24

0.00

JL24
0.48

217801.Navicula minima
2 1 1801iNavicuIa. recens_
217801jslavicula_submiriuscula.

2 1 7801,Navicula tenelloides

2178Q1.Navicula veneta 11.

(L24
071
0.24

0.4.8

2.02

21180 tNilzschia acicularis 0.24

21 7801 Nitzsch ia agnita

21 7801JMitzschia amphibia _

217801 Nitzschia closterium

^lZSill.Nilzschia^lissipaia..

AA. 1.66

0.71

0.12
QA2

217801 Nitzschia filiformis 0.12

2 1 7_8.0JJJitzs.chiaJDJstulum 294 34.92
217801 Nitzschia linearis 0.12

)liNjtzschia4Jalea_

217801;Nitzschia paleacea

.21 7801,Nitzschia pusilla.

2A 2.85

0.48

Q.48

^21780 lj^ilzs_chia reyerjsa.

217801 Nitzschia sociabilis

21 7801.Nitzschia soJita.

2 1 7801 Nitzschia supralitorea

2128QljEJejimsigma delicatulum

0.36

0.24
0,59

QA2
0.12

ieria_sinuata_

2178Q1,Rhoicosphenia curvata

217801 tRhopaiQdia gibba
217801 Stauroneis tackei

21 78Ql.SlephanodiscusJiaritzscriii

217801 £urir.ella_minu.ta_

501Synedra_delicalissima_

2 178 l£ynedralamelica
21780 ISynedraJasciculatsL
217801 Thalassiosira pseudonana

_47.

0.48

5.58

012
0A2
0.48

0.00

0.12

0.48

0.36

0.24I

Page 1



Pennel Creek, upper (DF-6) 9/25/01

Poilutkm Tolerance Class

ithes delir,atula

2179m Amphora lihyca

217901 Amphora veneta

JUL 1 O fi

OHQ
o?i

17901 Bacillaria paradoxa
17901 Cymbella-pusilla

717901 Cymbella silesiara.

1 Oiplnneis puella
2129flLEntomoneis alata

JL4^

JUL

0-21
1 48
nnn
JLQ6
QjLl

217901 Fntomoneis pakidosa
Ll.Epithemia adnata

.217901 Epithemia turgida

tulum.
717901 Gyrosigma spencerii
-217901 Navicula canaiis-

717901 Navir.ula capitata

71

JL11
-0.21

21

011
-0-42

21
217301 caterva-

cincta

exta

ar.ula

-Navicula

erifuga.

gr.?rsn

gregaria
-21 7901Jslavicula-omissa

J24^

JUL
_2L
82.

JLL

2-54-

-0-21

1 Ofi

7 7?
8j6Z
3?H
0-42

icensis

-217901 Navir.ula veneta
-217901 Nit7sr,hia aequorea

13

37
JUL

-0-42

53
4?

.QjQQ

JL3I
fjJLl

3?
3 91

JL4S
21 /901 Nitzschia agnita
217901 N itzschia apiculata
-217-9Q1-Nit7.sr.hia aurariae
?1 7901 N itzschia bergiL
71 7901 N itzschia calida

011
-0-42

63
011
0?1

?17901 Nitzschia commuois- JLQO
-217901 Nit7.sr,hia filifnrmis- -QJ21
-?1 7901,Nitzschia frustulum -29± 3 76

_JL5371 7901 N it7.sr.hia gracilis

717901 Nitzschia hungarica 53
-0-852-17901 Nit7.sr.hia liehetnithii

-217901 Nitzschia mir.rocephala
2-17901 Nitzschia palea

_81_
J£9-

8.56
-8-35

717901 Nit7.schia paleacea -20- 711
JL21-717901 Nitzschia perminuta

litzschia pu.silla

217901 Nit7.schia reversa
717901 Nit7.schia siliqua

^3-
JQ-42

5.60
JL21

717901 Nit7.schia solita

2-1 7901 N itzsch ia valdecostata
-O-QQ

717901 Pleurnsigma delicatulum
717901 Rhnpalodia hrehissonii

717901 Rhopalodia gihba
ippalodia operculata

21-7901 Simonsenia delngnei

JL5_

-0.65

-0-00

0-95
1 59
63

JL21
aphanodiscus minutus

lla angusta
717901 Surirella hrehissonii

717901 Synedra fasciculata

JUL JL69
011
00
71

JQ-85
717901 Ifaalassinsica pseudooana _5_ D-53J
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Pennel Creek at mouth (DF-10) 9/25/01

Sample Genus/Species/Variety



Pennel Creek at mouth (DF-10) 9/25/01

Sample | Genus/Species/Variety



South Fork Sandstone Creek near mouth (SS-3) 9/25/01

Sample |
Genus/SpectesA/ariety



Sandstone Creek east of Plevna (AS-2) 9/25/01

Sample j
Genus/Species/Vamty



Sandstone Creek below South Fork (AS-5) 9/25/01

Sample Genus/Species/Vamly



Sandstone Creek below South Fork (AS-5) 9/25/01



Sandstone Creek (lower) at Bickle's (CF-11) 9/25/01

ample Genus/Species/Variety Pollution Tolerance Class r

21 84QlAchnantries^minutissirna
2 1 84 1 Amphipleura-pellucida
21 84Q 1 Amphora_pediciikiS-
21 840 1 Ampnora.vRneta -

21 8401AulacoseiraJslandica
21840l.Caloneis bacillum

1 1 8401jCyclotella meneghiniana
n84Ql1Cymbella pusilla

218401 iDentiaila subtilis

.21840itDiatomajnoniliformis^
218401Diatoraa tenue_
2184QLDiploneispueJla
2184Ql£ntomoneis ornata
2184Q l£ntamQneis_paludosa-
2ia40i;EpithRmia adnata
.2184Q1,Fragilaria vaucheriaH

1.1 Gompbonema parvulum
218401 jNavicula caterva
21 84QlJslavicuIa cincta

2184QliNavir.ula r.irr.umtexta

45

24

-14-

0.00
0.23
0.68
0.45
011
Q.23
0.45
0.00
0.00
5.09
Q.00
J2JX
JL23
0.68
0.00
2JM

34
0.90
Q.O0
0.34

218401 Nav wga_
218401 Navicula goersii

0.45
0.00

sgana21 84Q1.
21?
21840l.Navicula pexmitis.

1 84Q.LNavir.ula radin.sa

84Ql.Naviajla recens
84QLNavicula salinaninx.

J4.

-95.

JL5S
.0.45

0.00
00

1075
23

218401,Navicula tenelloides 0.57
21 840LNavicula_tenera_ 0.45

21 84QlNavicula_y£nfita^ JL5Z
218401 INitzsr.hia aequorfta. ^22. 2.49

-218401,Nitzscbia agnita. lA J.58
218401 ,Nit7.sr:hia apiculata O.0Q
-2184Q1 Nitzschia bergii 0.11

21840.1 Nitzsr.hia compressa 0.00

2184Q!Nitzscbia dissipata
21 8401Jslitzscbia filiformis

21 84QLNitzschiaimstulum.
Jitzschia gracilis

218401 jNit7.sr.hia hungarica
218401 ;Nitzscbia incognita

19
391,

46

SL&&
-2J15
.44^3
0?3
JL68
5?0

218401M1
21 8401JMitzsc,hia liebetruthii

0.00
0.68

218401|Nitzschia palea
paleacea

_23
J2.

2.60
JL36

Nitzsr.hia pusilla 0.23

rsa
a solita

Nitzschia supralitorea

18401Nitz.sr.hia valdecostata
18401 jNit7.sr.h ia valdastriata

2l84Q1|Pl eurosigma delicatulum
218401Rhoicosphenia curvata
ll840LjRnopalndia gibha

irirelia brebissonii
9
h"

21 8401 :surirella.minuta-

-21

011
0.00
0.23
J .02
0.57
0.45
2.38
0.23
0.45
011

1 8401jSynedra delicatissima
21 84QlJSynedra fasciculata

iynedra pulchella
?184n1 Thalassinsi ra pspudnnana

.20
011
2.26
0.23
0111

Page 1




