YELLOWSTONE RIVER STUDY
FinaL REPORT

ResearcH ConpucTED By:

MoNTANA DEPARTMENT OF FisH AND Game
AND

INTAKE WATER CoMPANY

PREPARED BY:

RoBerT L. NEweLL
AquaTtic EcoLoGisT

AususTt 1976



ACKNOWLEDGMENTS

The author would like to thank all biologists and friends who con-
tributed time, effort and specimens for this study. He would also like
to thank the Intake Water Company for funding the majority of the work
and the 01d West Regional Commission which also contributed research
funds.

The author also thanks the following experts who helped identify
organisms: Trichoptera (D. G. Denning); Plecoptera (R. W. Bauman,
B. Stark); Coleoptera-Elmidae (H. P. Brown); Diptera-Chironomidae (L.
Curry); Oligochaeta and Moliusca {(D. Klemm); Odonata and Hemiptera
{G. Roemhiid?

A special thanks is given to R. Berg, D. Workman and D. Schwehr
for taking bottom samples on the middle and upper Yellowstone River and
to A. Elser and R. McFarland for taking samples on the Tongue River.
Mr. Burwell Gooch of the Systems Development Bureau, Data Processing
Division, Montana State Department of Administration was very helpful
in constructing computer programs for species diversity analyses and
regression analysis.



TABLE OF CONTENTS

Page
LIST OF TABLES . . . . . . . . v o v o o o s e e e e . i1i
LISTOF FIGURES . . . . . o . ¢ « o o o i i s e e e Do v
INTRODUCTION . . . v v v o o o o o e e e e s e e e e e e e 1
DESCRIPTION OF THE STUDY AREA . . . . . . . . . . . . . . ... 11
METHODS AND MATERIALS . . . . . . . . .« . . . o v o e s v s . i
RESULTS . . . . . .. e e e e e e e e e e e e e e e e e 19
Macroinvertebrate Distribution . . . . . . . c e e e e e 19
Insect Emergence . . . . . . . . .. e e e e e e e e e 40
Bottom Fauna Standing Crop . . . . . . . . . Y ¥
Species Diversity . . . . . . . . .. L L .. e 48
CURRENT AND DEPTH REQUIREMENTS FOR INVERTEBRATES . . . . . .. . 48
Environmental Requivrements . . . . . . . . . .. .. .. . . 67
DISCUSSION . . . . . . e v e e e e e e e e e e e e 82
Chemical . . . . . e e e e e e e e e e e - 7
R T N - 74
Temperature . . . . . . . . . . . .. e e e e e e e . 84
Food . . . . . . . . .. ... C e e e e e e e e e e 84
Current and Bottom Habjtat . . . . . . . . . . .. -
SUMMARY . L . o o o e e e e e e e e e e e e e e e 91
LITERATURE CITED . . . . . . o . o v« o v v v o v v u o 83
APPENDIX A . . . . . e e e e e e e e e e e e e e e e e e A- 1
APPENDIX B . . . . . . . o o o o oo e e A- 4
APPENDIX C . . . . o . . o o v o e e e e e e Ce e . A~ 5
APPENDIX D . . . o v v v o o o e e e e e e e e e e e e A-40
APPENDIX E . . . . . . . . .. e e e e e e e e e e e e e A-58
APPENDIX F . o o o o o o o s s e e s e e e e e e e e e A-103
APPENDIX G . . . v v v v s e e e e s e e e e e e e e e e, A-226
APPENDIXH . . . . . . .. C e s e e e e e e e e e e e e e e e A-251

ii



NI e

OO =3Oy U1 b 0

10.
11.
12.

13.
14.
15.
16.
i7.

18.

19.
20.

21.
22.

23,
24,

LIST OF TABLES

Yellowstone River sampling stations .

Checklist of the aquatic macreinvertebrates of the Tengue
River (t) and the Yeliowstone River {(y} . C .
Ephemercptera of the Yellowstone River

Plecoptera of the Yellowstone River .

Trichoptera of the Yellowstone River ..

Aguatic invertebrates of the Yellowstone River
Macroinvertebrate fauna of the Tongue River, Montana
Percent composition of benthos from the Yeilowstone River
using Water's samplers for the month of August 1975 .
Percent composition of benthos from the Yellowstone River
using Water's samplers for the month of September 1975
Percent composition of benthos from the Yellowstone River
using Water's samplers for the month of Uctober 1975
Percent composition of benthos from the Yellowstone River
using Water's samplers for the month of November 1975 .
Percent composition of benthos from the Yellowstone River
using Water's samplers, mean percentages for August-
November 1975 . . .

Species diversity, range of s1x watmr s samp]es and resu?ts
of pooling all samples, Aagust 1875 .

Species diversity, range of six Water's samp?es and results
of pooling all samples, September 1975 .

Species diversity, range of six Water's samples and resu?ts
of pooling all samples, October 1975 ..

Species diversity, range of six Water's sampTes and results
of pooiing all samples, November 1975 . .

Mean and standard deviation for four variables meusured zn
the invertebrate/current investigation in the Yellowstone
River at Glendive, 1975 . .

Population estimates from the 1nvertebrate current

sampies, 24 samplies from each station taken on August 6

and 7, 1975 (no./m?) C e
?epulatlon estimates from the 1nvertebrate curregt samples,
24 pooled samples taken September 9, 1975 (no./m%) .
Populiation estimates from the invertebrate-current samp]es,
24 pooled samples taken on October 9 and 15, 1976 (no./mé)
Population estimates from the invertebrate-current samp?es,
24 pooied samples taken on November 7 and i1, 1975 (no. /me Y.
Population estimates and percent composition taken from the
invertebrate-current sampies. Numbers are expressed in no. /m2
and the values in parentheses are percent of monthly pooled
totals from the Glendive and Intake sampies . . .

Percent composition of invertebrate orders taken w1th k]Ck
samples at Glendive (17) and Intake {18), 1975 Co .
Synopsis of regression analysis on the current-depth data
showing significance for the three models for both sampling
stations. Regression of number of taxa and depth (ft.) and
current velocity (cfs) e e e e e e e e

50
50
51
51
52

52

53
54
55
56

63
66

68



25.

Synopsis of the regression analysis on the current-depth data
showing significance for the three models for both sampling
stations. Regression of number of organisms and depth (ft.)
and current {cfs) . . . . . . . . . . L.
gésc?arges at Miles City and Sidney during sampling periods
o0 -
Characterization of running water habitats on the basis of
narrowly defined typical biotic dominants (after Cummins
1973, 1975a; e e e e e e e e e e e e e e
invertebrate population estimates uytilizing data from In-
take station 18, subsections from WSP, regression eguation
from November kick samples, {no. m~<) e e e e e

iy

78

85

89




LIST OF FIGURES

Relationships between detritus and stream consumers (from
Cummins 1975) . .
Relationships between detr?tus, producers and consumers

in d;fferent order streams - stream continuum - {Cummins

1975} . . .
Invertebrate sampling stataons estabé1shea on the YeT]owstone
River and their relative position along a longitudinal and
elevational gradient and probable fish distribution zones .
Map of the Tongue River show%pg sampiing sections and major
tributaries . . e e e e e e e e e e
Sampiing Station 1 Corw1n Springs ..
Yankee Jim Canyon between sampling Stat%ons 1 aﬂd 2 .

Near Station 3 above Livingston . e e e e e e
Station 4 at Livingston . . . . B
Station 5 at Greybear fishing access . .o
Rerial view of Yellowstone River above Miies C1ty .

Kick net and other data collecting gear . .

Water's round bottom sampler .. .
Aerial view of the Intake diversion, sampiing Stat1on NG 18.
Yellowstone River at Intake diversion . . .
Number of species of the three major orders found at each
sampling station in the Yellowstone River . ..
Mature nymph of of the mayfly Heptagenia eZegantuZa .

Adult mayfly Traverella albertana . .
Phote of the Yellowstone River taken about 10 m1]es u@stream
from Miles City . . e e e e .
Yellowstone River at Gﬁend1ve dur1na ear?y w1nter .
Yellowstone River at Terry during late winter .

Photo of an adult mayfly Tricorythodes minutus .

tmergence and flight patterns of mayflies from the Ye1?0wstone
River, 1974-76

Emergence and flight patterns of stonef]1es frcm the Ye?]ow—
stone River, 1974-76 . e e e e
Photo of an adult stonefly 1soperaa Zongzseta .

Photo of the larvae of the caddisfly Hydropsyche

Photo of an adult of the genus Hydropsyche . . .
Emergence and flight patterns of caddisflies from the
Yellowstone River, 1974-76 .

Population estimates, August 1975, mean and range of six
Water's samples . .

Popu%at10ﬁ estimates for Sepfember 1975 mean and range ef
six Water's samples . . . .

Population estimates for October 1975 mean and range of

5ix Water's samples . . .
Popu?at1on estimates for November ?975 mean and range of

six Water's samples .

Percent composition of 14vertebrate erders from water s sampiers,
mean of samples taken August-November . . .

Species diversity indices for August 1975 range of 51x Water s
sampies and all six pooled . ..
Species diversity indices for September 1975 range of SiX
Water's samples and all six pooled e e e e e e



Lk
(3]

Species diversity indices for October 1975 range of six
Water's samples and all six pooled . . . . . . . . . . ..
Species diversity indices for November 1975, range of six
Water's sampies and ail six pooled . .

Seasonal changes in Shannon d?VE?s?ty 1nd1ces§ a 1 peznts are
the result of pooling six Water's sampies each month at each
station during 1975. - e e e e e e e
Comparison of sampling ﬁebﬁeésﬁ Water's 5%} and kick net (X)
at Glendive ugsing kick samples faken in depths Tess than 19.5
inches {no./m2). . . e e e e e e e e e
Comparison of samp?:ng methads ﬁaﬁer*s {W) and kick net (K)
at Intake uszng kick samples taken in depths less than 19.5
inches {no./mé) . .

Cu rrenbflﬂvertebrate re%aiaerSQsps, ¥eI?0wst0ne R ver,
Glendive, October 9, 1975 ..

Lu?reﬁt/degth/zave?+ebra;e re?&tionqhissg Ye? GWS@GPE R%ver,
Intake., October 15, 1975 . .

Curweﬂt/death/ ﬁvertebr&te YEiat%OBSh?SS, Ye:%ows one River,
Giendive, November 7, 1975 . . e e e
Mayfiy distribution at varicus ﬁurTEﬁis, Eﬂﬁakea August, 1975.

Mayfly distribution at various currents, Intake, October, 1575 .
Mayfly distribution at various currents, Intake, November, 1975.

Mayfly distribution at various currents, Glendive, (ctober,
1975 . e e e e e e e e e e e e e e e e e e s
Mayfiy distribution at various currents, Glendive, November,
1975 .
Synopsis of ﬁayTEyKCUrre t ?e?afwons?§ps from beih stations
and for all sampling months .
Distribution of Hydx Opsyche larvae &t various currents durwng
October 1975 . .. .
Distribution of ?uarogqq Earvae at var%aus currents daréng
November, 1975 . . . . . .
Typical rubb%e substrate in the ?ower Ye??owstore, iow summer
flow at Glendive . . .
Closeup of typical rubb?e substrate ?n the ?ower Yei?owstone
at Glendive . e e ..
FEeat1ng ice just prﬁar te freeze- up at Gleﬁd%ve .
Ice jam during late winter at Glendive . .
Proposed relationships between znvertebrates and the fahtors
that)éeterme&e their distribution and abundance (from Cummins
1972 . e e e e e e e e e e
Upper figure is chss sectzan no 5 at Intake showing
water depth at various flows; lower figure contains inverte-
brate popuiation estimates at various discharges . ..

yi

60
61

62

64

65
70
71
12

74
75

76
77
79
80
81
83
83
86

87

30




INTRODUCTION

Objectives of this research task were o gain insights into the
environmental requirements of the dominant macroinvertebrate genera and
species of the Yellowstone River and to describe the distribution of
macroinvertebrates in the Yellowsione and Tongue Rivers. Current veloc-
ity and water depth were chosen as the two independent variables that
would be examined. Since current affects invertebrate distribution in
several ways, e.g., distribution of food, size of substratum and current
force, and because current and discharge are closely interrelated, studies
of the effects of current on invertebrate distribution would be meaningful
and would permit predictions about changes in invertebrate communities if
flows were altered. Because of the gently sloping morphometry of the
river channel, it was believed depth might be a valuable parameter as
well; both current and depth are functions of discharge. Once environ-
mental reguirements are established, one may predict how the population
could change as the flow environment changes.

Species diversity and river zonation analyses were made in an attempt
to understand distributional patterns of invertebrates, provide baseline
data and record differences and similarities between populations at
different sampling stations.

The classification of river zones is helpful in comparing the results
of studies on the ecology of different rivers and is useful in fishery and
river management. Most attempts at river classification have been instigated
by the needs of fishery management.

With an increasing need for water conservation, both quantitatively
and qualitatively, a system of river-zone classification is invaluable in
predicting the likely effect on the ecology of the river of projected
management policies such as water removal and Tlow regulation.

River zonation studies began at the end of the Tast century with
German bioiogists who developed a system of classifying river zones on the
basis of the dominant fish species present, by which they named the zones -
Trout, Grayling, Barbel and Bream. Similar methods of classification were
aiso developed in other regions. Subseguent studies were carried out
throughout the world to establish whether the German zonation scheme was
generally applicable. These and further studies on German rivers have
attempted to characterize the different zones more precisely in physio-
graphical, physio-chemical and biotic terms (Whitton 1975).

Carpenter (1928), an early British reseracher, attempted to classify
the mountain streams of North Wales and she was obviously influenced by
the earlier German workers.

Carpenter described a typical river as arising as several sources at
high altitude to give rise to streams characterized by swift current, steep
gradient and extensive erosion. [Downstream as the gradient decreases the
current siows and the stream deepens and widens. With the reduction in
current, stones, gravel and sand are successively deposited on the stream-
bed. Aguatic macrophytes may take root in siited areas. Still further
downstream current is further reduced, the river widens and meanders and
the bed is covered with deposited silt.



Carpenter's classification of streams included a taxonomic list of
the flora and fauna of each zone. High altitude zones included headstreams,
trout becks and minnow reaches. Lowland stream zones included upper and
lower reaches.

Huet (1949, 1954} using stream data in Europe, refined the European
system which recognized four zones, each identified by key fish species.
The trout zones had a steep gradient, fast currents, cool temperatures and
oxygenated water. The grayling zone was deeper, had less gradient, gravel
bottom with cool temperatures and oxygenated water. The barbel zone had
moderate gradient with an alternating riffie-pool morphometry and a few
trout still were present. The bream zone was characterized by slight
current, high temperatures and deep, turbid water. The four zones represent
two fish faunistic regions - an upper, cool water containing salmonid fish
and the Tower, warmer waters containing cyprinids.

From Tongitudinal profiles of many European streams, Huet concluded
that the fish fauna was directly related to the gradient of the stream,
and in nearly all rivers of comparable size, stretches with similar gradients
have similar fish faunas. From these conclusions he formulated his "slope
rule.” "In a given bio-geographical area, rivers or stretches of rivers of
like breadth, depth and slope have nearly identical biological characteristics
and very similar fish populations.”

Other Lurcopean researchers have found that the concept of fish-faunal
zones is useful in river and fish management; it is necessary to realize
its Timitations due to historic, geographic and climatic influences, however.
Generally the greater the distance from the original streams studied, the
more the original scheme of zonation needs to be modified to meet local con-
ditions. Pollution can change zonation in localized areas, also.

The zonal distribution of fish in North American rivers has been
demonstrated by a succession of workers. Shelford (1911) studied the dis-
tribution of fish in a number of Lake Michigan tributaries and concluded
that fishes have definite habitat preferences which cause them to be
definitely arranged in streams which have a graded series of conditions
from mouth to source. Burton and Odum (1945) and Funk and Campbell (1953)
all report fish distributed in zones in North American streams.

From these studies in different parts of the world, it is evident that
in general there is a longitudinal distribution of fish species in rivers in
which a succession of different fish populations occur from source to mouth.
Other generalizations regarding the pattern of this distribution are more
difficult to make. Funk and Campbell (1953) report that succession is by
agradual transition along the length of a river. Other workers report a
zonal distribution in which there is a sharp border between zones.

With this general introduction to fish zonation in mind, the next
question is - to what extent do fish zones represent different river biocoenoses?

Numercus studies have been conducted on the longitudinal distribution
of different benthic invertebrates in rivers. Again, the earliest research
occurred in Europe, but studies have taken place throughout the world .




{Beauchamp and Ullyott 1932, Carpenter 1928, Chandler 1966). The longitu~
dinal distribution of several insect orders has been investigated {Dodds
and Hisaw 1925; Ide 1935; Hynes 1941, 1948; Macon 1957].

Past studies of the longitudinal distribution of aquatic insects have
found them to be distributed zonally along the length of rivers. It
appears that each taxon exhibits a zonal distribution of its different
species along the lengih of a river. Within taxs some species have a re-
stricted distribution, especially those in the upper reaches, while others
extend over a long stretch of river. Over some distances, there may be
Tittlie change in species present; their relative abundance changes along
the length of river, reflecting a change in the ecological structure of the
community {Hynes 1961).

The conclusion is that both fish and benthic invertebrates are longi-
tudinally distributed along rivers, with different species occupying different
sections of the river. One would expect, therefore, a correlation between
fish species and benthic invertebrates.

Some authors have concluded generally that different biocoenoses,
associated with the different fish zones. can be recognized. Thorup (1966)
is ¢ritical of these studies and suggests that poilution is responsible for
the observed zonation of invertebrates and fish. Maitland's {1966) work
supports the views expressed by Thorup.

It appears from available evicence that aithough fish zones can be
recognized, the association of benthic biocoenoses with them, does not
always exist.

A new theory has recently emerged to explain the distribution of groups
of invertebrates on the bottom of streams and rivers. This theory is known
as the river continuum theory as proposed by Vannote (1975} in Cummins {1975b).
This theory makes use of theoretical relationships between stream order
(Leopold et al. 1964, Hynes 1970}, size of organic matter and production,
respiration {P/R) ratios.

Headwater streams are characteristically heavily dependent upon terrestrial
contributions {allochthonous) of particulate organic matter, especiaily coarse
particies (CPOM) such as Teaf litter, with 1ittle or no photosynthetic pro-
duction of organic matter. CPOM feeding invertebrates, or shredders and
detritivores feeding on fine particulate organic matter, or collectors, are
the dominant macroconsumers. Thus headwaters can be described as: CPOM -
fungi - shredder - FPOM - bacteria - collector systems {Figures 1 and 2j.

Intermediate-sized rivers are less dependent upon ailochthonous inputs
and more on organic production by producer organisms along with input of
FPOM from upstream. The ratic of photosynthetic production to community
respiration is often greater than one (P/R > 1) in contrast to headwater and
large rivers where P/R < 1 {Figure 2).

Large rivers tend to be turbid with heavy sediment loads or the culmina-
tion of all upstream processes. These systems possess plankton communities,
These rivers could be characterized as: FPOM - bacteria - coliector systems
{Figure 2}.
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Fish populations generally show a transition from cold water invertivores,
to warm water invertivores and piscivores, to planktivores. .

Many factors reguiate the distribution and abundance of stream dwelling
invertebrates. Some of these factors include current speed, temperature,
the substratum, vegetation and dissolved substances (Hynes 1970). Other
factors include competition, zoogeography and food. This is the more
autecological approach to distribution of aguatic invertebrates in aquatic
ecosystems.

Temperature and water chemistry exert the greatest influence on the
composition of living communities considered over large areas, but because
of feeding and respiratory requirements, it is Jargely current that determines
how communities actually are composed (Jaag and Ambuhl 1964, Chutter 1963).
The ecological niche of many macroinvertebrates which inhabit flowing water
is partially determined by current. In fact, some species are confined to
fairly narrow ranges of current speed. In the case of certain organisms,
namely the net-building caddisflies (e.y., Hydropsyche, Cheumatopsyche,
Parapsyche), it has been established that the nets require a definite current
in order for them to function properiy (Philipson 1954).

Many organisms need the current to be nearby, but cannot tolerate being
actually in it. There is often a tremendous difference in current velocity
for an insect Tiving on top of a rock to that for one living under that rock,
yet both may have current requirements. Because of the impossibility of
taking measurements at most points where macroinvertebrates exist, current
velocity is usually measured at some reproducible depth; e.g., mid-depth,

0.6 of the total depth, or near the bottom (Hynes 1970).

There are unmistakable current specialists (e.g., Baetis, Simuliwm and
Hydropsyche), while some other organisms find their optimum at Tow velocities
{e.q., Gammarus, Hyalella, Tricorythodes). It seems that each species prefers
a certain range of current velocity.

In every turbulent flowing system, marginal effects develop in what are
called boundary layers. (lose to the substratum, movement of the water
gradually slows owing to friction, and a boundary layer is formed in which
the flow is strongly retarded, until, close to the substratum, it is stagnant
(Jaag and Ambuhl 1964). The thickness of this boundary layer depends, among
other things, on the velocity of the current above and the shape and roughness
of the substratum. Extremely flattened organisms {e.g., Epeorus, Fhithrogena)
make use of the boundary layer to avoid the current.

Many animais that live in flowing water can be maintained only in such
water. These species either possess no ventilating organs or have changed
or lost the function of those organs in the course of their evolutionary
development. They are extremely sensitive to still water and guickly die
in it (e.g., most Plecoptera).

Macrodistribution of aquatic invertebrates can be explained with dif-
ficulty as habitat gradually changes moving downstream. Cummins (1975a)
described food as the ultimate determinant of macroinvertebrate distribution
and abundance in non-disturbed running waters. The current regime, velocity
and turbulence set the 1imits on the range of sediment particle sizes present
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studies include Briilouin (1960), Cairns and Uicksor ; vd and
Ghelardi (1964}, Lioyd, Zar and Karr {1988), Margal V, Pielou {1969),
Wilhm (1967, 1970abc, 1972}, and Wilhm and Dorris | 1968). Several
indices have aear generally accepted for uniformity: wmean diversity (dys
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in genera at, the ?uﬁéaﬁﬂnigé objective of information theory a
to biology is to provide insight into communiiy structure. The bic



information theorist asks how much new knowledge or "information" about

the species composition of a community can be obtained by drawing individuals
at random. If the community is composed of only one species, then no new
information is obtained after the first drawing. But if the community is
composed of numerous species, possibly with each individual being a

different species, then much new information is gained with each drawing.
Information theory attempts to quantify this "knowledge" or "information"
contained in the community in terms of "bits" of information per individual.

Mathematically stated, "information" equais the uncertainty of correctly
predicting the identity of an individual randomly chosen from a community.
Where uncertainty is high, information per individual is high and conversely.
The mean amount of uncertainty of prediction of any individual's identity
equals the mean number of bits of information per individual, and this
number is referred to as the species diversity index. Mean information per
individual is commonly measured using the function developed by and named
after Shannon and Weaver (1964). The formula for the Shannon-Weaver
function is:

S
d= - & (Ni/N) Togy (Ni/N)
i=]
where d = mean number of bits of information per individual or the species
diversity index, aliso written as D
S = number of species th
Ni = number of individuals in the 1 species
N = total number of individuais

A few of the authors cited eariier in this section, and especially
Hurlbert (1971}, have criticized the Shannon-Weaver function as improperly
used in many studies. However, the U. S. Environmental Protection Agency
{1973} has provisionaily accepted and recommended the function for aquatic
macrobenthos studies.

The index, d, possesses features that make it a useful method for
summarizing community diversity. The index is dimensioniess and expresses
the relative importance of each species in the community. As sample size is
increased, the @ of the progressively pooied samples increases rapidiy at
first and then levels off. Since diversity of progressively pooied samples
reaches an asymptote and since diversity of individual samples are highly
variable, it is preferable to report asymptotic diversity. Diversity had
leveled of f the fifth pooled sample in most of the areas sampled (Wilhm
1970abc). The range of d varies from zero to any positive number. A value
of zero is obtained when ail individuals belong to the same species. The
maximum value of @ depends on the number of individuals counted and is ob-
tained when all individuals belong to different species. The T usually
varies between three and four in clean-water stream areas and is usually
iess than one in poliuted stream areas.

EQUITABILITY {Em)

As measured by Margalef (1957) and Krebs (1972}, equitability (Ep) is
a ratio of the observed @ to a maximum theoretical diversity (dyax) computed

_g-



as though all individuals were equaliy distributed among the species. Maxi-
mum diversity here is measured simpiy as logp 5. therefore:

E, = d/log 5 S

m
As equitability increases the more evenly distributed the species

become or the more closely their distributions conform to perfect theoretical

distributions. Fquitability (Eg) may range from 0 to 1 except in the unusual

situation where the distribution in the sample is more than the distribution

resulting from the MacArthur model. Such an eventuality will result in

values of Ep greater than 1, and this occasionally occurs in samples containing

only a few specimens with several taxa represented. The estimates of Ep

and d improve with increased sample size, and samples containing less than

100 specimens should be evaluated with caution if at all (EPA 1973}.

Fquitability has been found to be very sensitive to even slight levels
of degradation. An improved equitability formula is presented below and
must be used with tables presented in Lloyd and Ghelardi (1964} and EPA (1973):

Enp = S1/S
where S = number of taxa in the sample
51 = tabulated value

Because a table is required to calculate Epp, it is not easily applied
to computer operations. Equitability levels below 0.5 have not been encountered
in southeastern streams known to be unaffected by oxygen-demanding wastes,
and in such streams, Eyp generally range between 0.6 and 0.8. Even slight
levels of degradation have been found to reduce Epp below 0.5 and generally
to a range of 0.0 to 0.3.

REDUNDANCY (R)

Redundancy (R} as measured by Wilhm and Dorvis {1968} and Cairns and
Dickson (1971) gives the relative position of the observed diversity index
(@) between theoretical maximum and minimum diversities {dpax and dpinl.
Calculated as follows:

demax‘a'
d max - dmin

Theoretical maximum (dmax) and minimum {dpin) are calculated as follows:

dpax = (1/N) [logs NI-S Togp(N/S)1 |
dyin = (1/N)(Togy NI -Togo [ N-{s-1) ]I}



Redundancy (R} is a measure ¢f the repetition of information within a
community and thereby expresses the dominance of one or more species and is .
inversely proportional to the wealth of species. Redundancy {R) is maximal

when no choice of species exists and minimal when there is more choice of

species. A second dpay calculated is dgpax = TogpN but is not widely used.

EVENNESS (J')

IT an investigator is dealing with data consisting of the numbers of
individuals, N, Np, ..., N., in each of the S species and if the data are
portrayed in histogram forlm, S is the range of data or the width of the
histogram. The shape of the histogram is best described in terms of what
may be calied its "evenness.” Thus the distribution has maximum evenness
if all the species abundances are equal; and the greater the disparities
among the different species abundances, the smailer the evenness. Evenness
is calculated as follows (Pielou 1969):

EVENNESS = diversity
‘50925

where S = number of species _
diversity = Shannon-Weaver diversity index (d)

Egloff and Brakel (1973) calculated evenness for a population of
aquatic macroinvertebrates in a stream receiving large inputs of domestic
sewage. Above the outfall evenness values ranged from 0.6 to 0.7 when
diversity was 3.0 and greater, while below the outfall evenness dropped to
0.4 and below and diversity decreased to less than one. The number of
species and evenness appeared to be reciprocals of one another along the
stream except at the outfall where both decrease. The evenness index has

not been widely used in aguatic studies.

SPECIES RICHNESS (SR)

A further component of diversity, richness, was calculated in the
computer program furnished by Orr et al. (1973), but no reference to it
could be found in the Titerature. It was calculated as follows:

SR=1d - d/ TogoN

Species richness is more commonly calculated by summing the total
number of species present in a sample.

FORTRAN computer programs for calculating species diversity indices
are available from the following sources: Wilhm (1970b), Cairns and
Dickson (1971), and Orr et al. (1973).

As commonly used by biologists, species diversity indices
provide insight into the structure of natural communities and may suggest
qualitative aspects about their surrounding environments. A Tow diversity
index (@) indicates a largely monotypic community dominated by a few
abundant organisms. Often the total number of species is considerably
reduced. In addition, a Tow diversity index often suggests that degradational .
environmental conditions exist which favor the proliferation of a few tolerant
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species and the removai of inteterant forms. A high diversity index
indicates a heterogeneous community in which abundance is distributed more
evenly among a number of species. The total number of species is generally
large.

A modification of the Shannon indices is the Brillouin index {Pielou
1969). In the final stages of this study the Brillouin index was calculated
and compared with the Shannon values. Formulas are presented in Appendix A.

DESCRIPTION OF THE STUDY AREA

The Yellowstone River originates in Yellowstone National Park as a
tributary of Yellowstone Lake. From Yellowstone Lake the river flows
northward for about 60 miles before entering Monitana near Gardiner. After
entering Montana, the Yellowstone River continues a northward route for
about 70 miles until near Livingston, where the river turns eastward as
it leaves the mountains and flows across the prairie of southern Montana.
The Yellowstone River Jjoins the Missouri River just inside North Dakota
about 30 miles east of Sidney, Montana. About 570 miles of river are found
in Montana and sampling stations inciuded 550 miles of this total.

Table 7 iists the Tongitudinal and elevational location of the 20
sampling stations and the stations are more graphically shown in Figure 3.
The Tongue River was extensively studied also, and the macroinveriebrate
fauna there influence the fauna of the Tower Yellowstone River and so it is
included in this study {Figure 4}.

METHODS AND MATERIALS

Many sampling methods were used to coliect aguatic macroinvertebrates
on the Yellowstone River, including kick nets {Figure 11}, Water's Round
Sampler {Figure 12) and Hester-Dendy multiple plate artificial substrates.

The kick net was a modified Turtox bottom net with dimensions of
"8"x8" and 10" deep {46x20x25.4 cm). A six-foot wooden handle was used to
hold the net perpendicular to the current. A wire frame 17"x16" {43.2x40.6 cm)
was attached to the bottom 1ip of the net frame perpendicular to the net
opening in such a way that the wire frame rsstaé on the stream bottom. The
area within the frame was 272 in.2 (0.175 m ) and when the area within the
frame was disturbed, the boltom organisms were carried into the number 20
(0.70 mm) mesh net. This sampler is essentially a Surber Sampler on a pole.

Net material was added to each side of the wire frame to minimize side
washout of organisms. This technique can be used as long as the water is
shaliow enough to wade. The botfom outlined by the frame is merely stirred
with the foot. This sampler was used at the Glendive and Intake sampling
stations during 1975 only. Water depth and current speed at six-tenths the
depth were determined in the center of each sampling site. A timed (2-minute)
kick sample without the 17"x16" frame was taken at many stations during 1974
in the Yeilowstone and Tongue rivers to determine relative abundance of
organisms.



Table 1. Yellowstone River sampling stations. .
No. Location County Elevation {(ms1) Q%?gi*
1 Corwin Springs Park 5110 ft. 549
2 Maliard Rest Access ! 4620 515
3 above Livingston ¥ 4490 501
4  above Shields River ! 4380 497
5 Grey Bear Access Sweetgrass 4100 468
& below Greyciiff ! 3880 444
7  Columbus Stillwater 3566 411
8 Laurel Yellowstone 3294 391
9  Duck Creek Bridge " 3140 360
10 Huntley ! 3110 349
11 Custer ! 2720 300
12  Bighorn River Treasure 2700 296
13 Myers y 2640 279
14 Forsyth Rosebud 2490 234
15 Miles City Custer 2335 184
16  Terry Prairie 2190 138
17 Glendive Dawson 2045 93
18  Intake . 1998 71
19 Sidney Richland 1892 30
20 Cartwright, N.D. McKenzie 1850 9

**Mouth of the Yellowstone River is river mile 0.0.
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Figure 11. Kick net and other data collecting gear

A Water's round sampler {Figure 12) was used to take six samples per
month at 10 of the 20 sampling stations in the Yellowstone River from

August-November 1975.

Figure 12. Water’s round bottom sampler.
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The Water's sampler is 19.5 in. in height and encioses an area just
slightly less than I-Toot square {143.14 én.z} or 0.093 m2. The area to
be sampied is approached from downstream and is randomly selected. The
sampler is forced into the bottom and the investigator reaches down through
the open top and stirs the bottom with his hand. Water current carries the
organisms into the trailing net with a 20-mesh net. A1l organisms were
preserved in the field in 70 percent ethyl alcchol (Appendix B},

Hester-Dendy multipie plate artificial samplers were used occasionally
during 1974, but proved to be unsatisfactory and were discontinued {Hester
and Dendy 1962, Fullner 1971, Parsons and Tatum 1974).

In the laboratory, all organisms were picked from bottom detritus and
gravel under a dissecting microscope. In most cases immature invertebrates
were identified to genus and species and less commonly to family using
appropriate taxonomic keys. Adult insects were used whenever possible to
confirm species identifications. Experts were consuited when difficulties
were encountered.

Current velocity and depth measurements were made to determine velocity/
depth requirements for invertebrates. A1l measurements were made with a
Price model AA type current meter obtained from Scientific Iastruments. Inc.
of Wisconsin, Milwaukee. All velocity measurements were made at the 0.6
depth.

RESULTS

Macroinvertebrate Distribution

A checklist of the macroinvertebrates found in the Tongue and Yellowstone
rivers is presented in Table 2. This 1ist is as complete as possible, and
utilizes all published sources available, as well as data gathered during
this study. Distributional records were taken from Stadnyk (1971}, Gaufin
et al. (1972}, and Thurston et al. {1975).

When a precise species identification was not possible, the most orobable
species is listed in parentheses using the most recent available distribution
data. In the order Diptera, several genera ave listed under the famiiy
Chironomidae; this is the only place these genera wiil appear in this report
because of unconfirmed identifications.

This group is difficult to identify and it is difficuit to have
identifications confirmed. This group is being examined more closely, but
this work is incomplete at this time.

The distribution of all mayflies {Ephemercptera) known to occur in the
Yellowstone River is presented in Table 3. The mayfly fauna consists of 37
species variously distributed. In this table and in several others, stations
7-12 are shaded and represent the probable location of the transition zone
between salmonid and nonsalmonid fish. It would also correspond to the
intermediate zone between the erosional and depositional habitat subsystems



Tabie 2. Checklist of the aquatic macroinvertebrates of the Tongue River
(t) and the Yellowstone River (y). .

Phylum Arthropoda
Order Ephemeroptlera
Family Siphionuridae
Ameletus (oregonensie McD.?)
Tsonychia (sicca campestris McbB.?)
Family Baetidase
Bactis (alexanderi M.S. Edmunds & Jensen)
Baetis parvus Dodds
Baetis {propinquus Walsh)
Bactis tricaudatus Dodds
Centraptilum $p. A
Dactylobactis cepheus Traver & Edmunds
Pgeudocloeon Sp. A
Family Oligoneuriidae
Lachlania powelli Edmunds
Family Heptageniidae
Epeorus {Iron) albertae (McD.}
" " Longimanus (Eaton)
floptagenia elegantula (Eaton}
ki throgena uwndulata (Bks.)
Stenonama terminatun (Walsh)
Stenomena prob n. Sp.
Family Ametropodidae
Ametropus (neavei Mcb.) 7
Family Leptophiebiidae
Choroterpes albiannulata McD.
heptophlebia gravastella Eaton
Paraleptophiebia bicornuta (McD.)
i heteronea (McD.)
rraverella albertana {(McD. )
Family Ephemereilidae
Fphemerella (Attenuatella) margarita N.
i {Caudatelia) h. heterccaudata McD.
" " hystriz Traver
” (Drunella) doddesi Needham
" i g. grandis taton
" (Ephemerella) inermis Eaton
" (Serratella) tibialis McD.
" { Pimpanoga) h. hecuba (Eaton)
Family Tricorythidae
Peicorythodes minutus Traver
" sp. A
Family Ephemeridae
Iiphomera sp. A
Family Polymitarcidae
Fphoron album {Say)}
Family Caenidae
Brachycercus (prudens McD.7)
Cacnts latipennis
Family Baetiscidas
Raetisea sp. A
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Table 2 continued.

Checklist of the aquatic macroinvertebrates of the
Tongue River (t) and the Yellowstone River {y).

Order Trichoptera
Family Rhyacophilidae
Rhyacophila bifila  Bks.
Family Helicopsychidae
Helicopsyehe borealis {(Hagen)
Family Glossosomatidae
Glossosoma sp Al
" traviatbum BKs.
" velona ROSS
Family ﬁsychomyiiéae
Polycentropus cinersus Hagen
Paychomyia flavida Hagen
Family Hydropsychidae
Arvciopsyche grandis BKS.
Chewmatopsyche sp. A
" analis {Bks.)

" campyla ROSS

1 lasia Ress

v gnonis ROSS
Hydropsyche sp. A

" near alhedra ROSS

" coclerelii BKS.

" covbeti Nimmo

” cepidentalis BKS.

£ oo lari Bks.

" separata BKS.

Family Hydroptilidae
[;,z.fwfpf(,]a sp. A
waubcstana betien
Agraylea mal tipunctata Curtis
Oehrolrichia potomas Deaning
Neotrichia $p. A
Family Leptoceridae
Athripsodes sp. A
feplocella sp. A
Oecetis sp. A
" avara {Bks.)
i diajuncta (Bks.
Triacnodes frontalis BK
Family Lepidastomatzd
Lepidostona 0. Sp.
i pluvialis Milne
i W:fzfﬁ Denning
Family Bracﬁyﬂeﬁtrﬁdae
Amiocentrus aspiius {R0ss)
Brachycentrus sp. A
o amaricmus {(BKS)

)

" neoidentalis Bks.

Family Limnephi?idae
Hesperophylax ineisus BKS.
Limnephilus taloga ROSS

u.:
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Table 2 continued (Z2). Checklist of the aguatic macroinvertebrates of the
Tonque River (t) and the Yellowstone River {y). .

Order Plecoptera
Family Nemouridae
Hemoura {Prostoia) besametsa Ricker
" { Zapada) cinctipes BKs.
Paraleuctra sara Claassen
Capnia f?avn¢z) confusa (laassen
" gractlaria Claassen
" ” Limata Frison
i (Utacapnial) distincta Frison
” o poda Nebeker & Gaufin
bucapnopsis vedderensis Ricker
Isocapria missourii Ricker
" vedderensis {Ricker)
BraPthéapa (TUen&onema, fosketil Ricker
nigripennis BKS.
" " pacifica (Bks)
Family Pteronarcidae
Preronarcella badia {ﬁagen)
Preronarceys californica Newport
Family Perlodidae
Areynopierye {Skwala) paraliela (Frison)
Toogenus (Cultus) aesiivalis N &C)
" " togstonue Ricker
" {1sogenoides) frontalis colubrinus Hagen
" ” elongatus Hagen
fsoperla fulva Claassen
" moymona BKS.
" iongiseta BKS.
" patricia Frison
Family Chloroperiidae
Alloperla (Swwallia) pallidula (Bks)
" (“we?' 3@) eoloradensis {Bks)
" (A Lloperlal severa Hagen
4 {frbanakaj signata {Bks)
Family Perlidae
Acroneuria abnormis
” (Hesperoperia) pacifica BKs.
Clagssenia sabulosa (BKs)

ot

WA W R A AL S e R T A A

{rder Isopoda
Family Asellidae
Noellus racovilaai racovitzai Williams ¥

Order Lepidoptera
Family Pyralidae
Cataclysta sp. A y
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Table 2 continued {3). <Checklist of the aguatic macroinvertebrates of the
. Tongue River {t} and the Yellowstone River (y).

Order Hemiptera
Family Corixidae

Callieorioe utahensis (Hung.) y
Conocoriza  awdleni (HURG. ) ¥
Stagara al ternata Say ¥
Trichocorixa horealis Sailer y
Family Naucoridae
Ambrysis mormon Mont. Y
Family VYeliidae
Khagove lia distineta Champion v t
Family Gerridae
Cevrris remigis Say ¥
Family Nepidae
Ranatra fusca P.B. ¥
Order Odonata
Family Gomphidae
Gomphus sp. A N t
Ophiogomphus sp. A ¥ t

Family Agrionidae
Calopteryr sp. A t
Family Coenagrionidae
Argia sp. A
Amphiagrion sp. A Yy
Enallagma sp. A y
" ehrium (Hagen) t
Tachnura sp. A t

[ ol o

Order Coleoptera

Family Dytiscidae
Oreodytes sp. A

Family Dryopidae
foelichus sp. A

Family Eimidae
hubiraphia sp. A
Microeylloepus pusilius (LeConte)
Optioservus quadrimaculatus {(Horn)
Stenelmis Sp. A
Zaitzevia parvula (Horn)

Family Gyrinidae
Cyrinus Sp. A

R
[ ol e o

COrder Diptera
Family Blepharoceridae
Agathon sp. A ¥
Famiiy Ceratopogonidae N



Table 2 continued (4). Checklist of the aquatic macroinvertebrates of the
Tongue River (t) and the Yellowstone River {y). .

Family Chironomicae
Subfamily Tanypodinae
Ablabesmyia $p. A
Clinotanypus Sp. A
Cryptocladius sp. A
Procladius sp. A
Subfamily Chirgnominae
Chivonomus Sp. A
Cryptochivonomus Sp. A
Microtendipes $p. A
Paralauterborniclla sp. A
Rheotanytarsus $p. A
Stictochivonomus sp. A
Subfamily Diamesinae
DHamesa Sp. A
Monend oo SD. A
Subfamily Orthocladiinae
Brillia sp. A
Cardicoclading sp. A
Crdeotopus $O.A
Fukiefferiella sp. A
Motrioonemus Sp. A
Orthocladius Sp. A
Trichocladius Sp. A
Family Dolochopodidae
Family Empididae
Hemerodromia sp. A
Family Muscidae
Limophora sp. A Y
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Table 3.

Baetis (propinguus 7)
Ephemerella hystrix
Epeorus longimanus
Ephemerella heilerccaudat

* necubsa
Baetis iricaudatus
Pgeudocloeon &p.
Fphemerella tibialis
Ephemera ©5.
Ephemerel la doddsi

" grandis
Paraleptophlebla

heterones
FEpeorus albertae
Paraleptophlebia
bicornuta
Ephemerella margarita
Stenonema prob. n.sp.
Ameiletus {(oregonensis
Evhemerella inermis
Baetis sp. A
" DATVUS

Heptagenia elegantula
Rhithrogena undulata
Lepiophlebla gravasiells
Dactylobzaetls cepheus
Tricorythodes minutus
Tricorythodes sp.A
Choroterpes alblannulals
Traverelia albertana
Brachycercus {prudens 7)
Stenonema terminatum
Caenis latipennis
Epnoron album
Baetisca sp.
Isonychia (campestris ?)
Centroptilum Sp.
Lachlania powellil

Ametropus {neaveli 7)

EPHEMERCFTERA OF

THE YELLOWSTONE RIVER.
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Mature nymph of the mayfly Heptagenia elegantula.

Figure 16.
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outlined by Cummins {1975b) for large rivers. Four species were collected
throughout the study area and a fifth species (Ephemerella inermis) Was
missing only from the lowermost sampling station. There is some question
that the species Baetis alexanderi may actually be B. insignificans.

The number of mayfly species found at each station is illustrated in
Figure 15. Statfon 5 yielded the largest number of species (19} and
stations 19 and 20 the fewest with 10 species. No pattern of mayfly dis-
tribution is apparent throughout the transition zone. Along a longitudinal
gradient the community exhibits a gradual shift from mountain fauna to
prairie fauna or a fauna more adapted to slower flow, warmer temperatures
and a silty substratum, but the number of species is quite constant along
the entire river.

Figure 18. Photo of the Yellowstone River taken about 10 miles upstream
from Mites City.

The longitudinal distribution of the stoneflies (Plecoptera) differs
considerably from that of the Ephemeroptera (Table 4). A total of 32 species
was identified in the study area. No single species was collected at every
station. Data available for this order are probably the most accurate
because of the work of Stadnyk (1971) and Gaufin et al. (1972). Most of
the fauna are probably adapted to the conditions found in the upper river.

A total of 12 species drop out in the transition zone and five species

could be classified as prairie stream forms. Acroneuria abnormis, probably
washed out of the Tongue River where it is very abundant, and was collected
only at Station 15. The number of Plecoptera species decreases steadily
downstream {Figure 15). Generaily the non-prairie stoneflies appear to have
habitat requirements similar to those of the salmonid fishes.

By Ls



Table 4. FLECOPTERA OF THE YELLOWSTONE RIVER

Capniz distincta
Isogenus aeslivalis
Paraleuctra sara
Capnia gracilaria
Nemoura hesametsa
Isoperla fulva
Capnia confusa
Capnia poda
Pteronarcys
californica

Alloperlia coloradensis i

Isocapnia vedderensis

Alloperla severa

Fucapnopsis vedderensic

Alloperla pallidula
Hesperoperia pacifica

Nemoura cinctipes
Alloperla signata
Iscperla mormona

Arcynopteryx parallela i

Brachyptera nlgrl’vﬂﬁLi

Isogenus tostonus
Pteronarcella badia
Isogenus elongatus
Claassenia sabulosa
Alloperla sp.
Brachyptera pacifica
Isoperla patricis
Isocapnia missourii
Capnia sp.

Capnia limata
Acroneurla abnormis
Isoperla longiseta
Brachyptera fosketti
Isogenus frontalls
Brachyptera sp.

Isogenus sp.
Isoperla sp.

~STATIONS-
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Figure 19. Yellowstone River at Glendive during early winter.

somenEl e

Figure 20. Yellowstone River at Terry during late winter.
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Caddisfly {Trichoptera) distribution in the Yellowstone River is
presented in Table 5. The present species 1ist contains 36 species and
additional species will probably be collected. Distributional patterns
are less distinct than with the Ephemeroptera and Plecoptera. In most
cases caddisfly larvae cannot be identified to species; adult males are
necessary. The present distribution is incomplete because all stations
were not samplied with equal fregquency. For example, Station 9 had the
largest number of species and was sampled most intensively. Generaily,
caddisfly distribution is similar to that of the Plecoptera with a steady
decline in species downstream. The genera Hydropsyche and Cheumatopsyche
are abundant throughout the river, but dominate in the lower 10 stations.

The distribution of the remaining aquatic orders is given in Table 6.
The order Diptera is widely distributed throughout the river with the
family Chironomidae being the most abundant and diverse. Protanyderus
margarita, an interesting species previously unreported from Montana, was
captured at several stations. Representatives of the remaining orders
did not illustrate any distributional trends and, with the exception of
the Oligochaeta, were never abundant.

The distribution of macroinvertebrates found in the Tongue River,
shown in Table 7, is very complex and is not easily explained. The fauna
is similar to the Yellowstone fauna in many ways, but there are several
differences. The stonefly Acroneuria abnormis, the elmid beetle Stenelmis
sp. and the mussel Lampsilis sp. are very abundant in the Tongue but are
rare in the Yellowstone River. Odonates are more abundant and diverse in
the Tongue River.

Figure 21. Photo of an adult mayfly, Tricorythodes minutus.
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Table 5, TRICHOPTERA

Glogsosoma traviatum
Cheumatopsyche petiiti
Amioccentrus aspilus
Hegperophylax inclisus
Lepidostoma pluvialis
Rhyacophila bifilas
Cheumatopsyche campyla
Limnepnilidae
Athripsodes sp.
Paychomyla flavida
Helicopsyche borealls
Arctopsyche lnermis
Lepidostoma veleda

Brachycentrugs cgclidental

Hydropsyche cockerelill
Aorgylea mulitlpunctata
Cheumatop3syche analls
Lepidostoma n. Sp.
Potomyia flavids
Triaencdes frontalis

Brachycentrus americanus

Hyvdropsyche oslarl
Polycentropus cinereus
Ochrotrichia potomas
Giossosoma velona
Hvdropsvche ocgcidentali

OF

3

-STATIONG-

§/9holi1l1203]

19

20

Hydroptila sp.
Qecetis avara
Oecetis disjuncta
Cheumatopsyche enonis
Neotrichia sp.
Limnephilus taloga
Leptocella sD.
Hydropsyche gorbetil
Hydropsyche geparata
Cheumatopsyche lasia




Table 6, AQUATIC INVERTEBRATES OF THE YELLOWSTONE RIVER.

-S5TATIONG-

6|7 8l9honlizhs]iashe 1781900

DT HTERA
Ceratoporonidae
Dolichopodidae
Agathon sp.
Hem@ruﬁromia SD.
Ll us 8p.
Ath@rlx up
Simulium sp.
Dicranota sp.
Hexatoma ©p.
Holoruﬁza Sp.

Tipula sp.
Limnophora sp.
Chironomidae

ﬁs*il UG 2p.

LEFTDOITERA
bdimlciysfﬁi 8D .

HEMIPTERA
Rhagovella sp.
Ambrysis gp.
Callicorixa sp.
Cenocorixa sp.
Trichocorixa sp.
Sigara sp.
nerris op.
Ranatra sp.

COLEOPTERA
Oreodytes ap.
Cyrinus sp.
Dubiraphia sp.
Microcylloepus sp.
Optioservus snp.
Stenelmis sp.
Zaltzevia sp.
Helichus sp,
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Table 6.

JDONATA
Gomphus sp.
Ophiogomphus sp
Amphlilagcrion sp.
Libeilullidae

&3]

AMPHITODA
Cammarus sp.,

Hyalella sp.

ACART
Hydracarina

MOLLULCA
Ferrissia sp.
Gyraulus sp.
Lampsilils sp.
Lymnaea sp.
Physa sp.

TURBELLARIA
Phagocata sp.
OLIGOCHAETA

Nais sp.
Ophidonals sp.

AQUATIC INVERTEBRATES

Sbd

OF THE YELLOWSTONE RIVER.

~-BTATIORS-

14

15

ie

17

i8

19

20




Table 7. Macroinvertebrate fauna of the Tongue River, Montana.

o0
~J
(s3]
43
o=
[F3
o
st

Station No. -

e
o
=
g © o, 2 o
4 g g 5 - = 5 g
= v fu e @ | G o
Taxa = o p o ~ . ]
o o faa] =L e W ot 2ef
Ephemeroptera
Haetie Spp. X % X X X
Bac tisoea SP. X
Brachycoeraus $p. X
Choroterpes SP. X X
Daetylobaetis Sp. X
Ephemerella sp. X X X b3 % X X
Hoplagenia SP. X X X X X
Leptophlebia Sp. X X X
Fhilhrogena SP. X X % X X X
Stenonema 5P, X X
Traverella sD. X X X X X
Tricorythodes SD. % X X X X X X
Trichoptera
Brachycentrus Sp. b X X X X X X
Chewmatopsyche $p. X X X X X X X X
(losaosoma SP. X X
Hydropsyche SP. X X X X X X X X
Hydpeoptila Sp. X X X X X
Mystacides $p. X X b
Oecetis SP. X X X X
Plecoptera
Acroncuria SP. X X X X
Brachyptera SP. X X X X X
foogernus SP. X X X X X X
Coleoptera
b iraphia S$p. X X
Microcylloepus SP. X X X
Stenclmis Sp. X X X X X X X
Mollusca
Forriasia $p. X X X
Gyroulus $P. X
Lymaacea S X X
legnpnilis SP. X
Phijaa SD. X X X
PLaddim Sp. % X
Spdiroeiam SD. X
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Table 7 continued. HMacroinveriebrate fauna of the Tongue Hiver, Montana.
Station No. - 5 7 6 5 4 3 Z i
jy
Q
I w .=
& S Sy fond &3
7 < ) i) o e +2 £
L o (e e - o
= 1 e o [i+] § [ e
i ] - 2 e i a3
Taxa o i o < = o < B

>
S

el Tagma 5D
Fochimprer %0,

Oeomphies S5 X
Upkiogomphus $D. { ;

e

e
b5

kN
>
e
ey

Lepidoplers

fioiel 55 % X % %
Turbellaria
P SP. X A e £ ¥ X

Heminters
Cortxidae % % X %
Fhanovelia 5D, A

Diptera
Chironomidase b4 X
Cerddiooladive 3D, F4

L 4

-

Kheolany toraus S@.
Simuliidae
Simpel i 5D. F4 p X b X X %
Tipulidae
Heaxafome SD. X % % X
Uliguchasta b %
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Insect Emergence

Emergence times were determined for only 13 species of mayfilies
(Figure 22). Generally these species are common in the lower reaches of
the Yellowstone River. Most mavfly adults live from a few days to a few
hours and most emerge at dawn or dusk and & considerable amount of time
is necessary to accumulate a thorough collection of the majority of
species. Emergence of mayfly adults in the lower river is concentrated
in the June-September period. Adult Fphoron albuwnm emerged very late in
the summer. Their emergence was so late in the year that many adults
were influenced by cold morning temperatures and many were observed
fluttering on the beaches unable to fly. One of the largest mayfly
emergences ever observed by the author was witnessed in late August 1974.
It was first observed at Huntley {Station 11) where thousands of adult
Praverella albertana {Figure 17) were emerging. The adults were so thick
on the water surface that carp were surface feeding on the adults. [t was
a wet day and the adulis hovered over the wet highway from Huntley to
Miles City and the emergence probably involved hundreds of thousands of
insects. The emergence of Tricorythodes minutus (Figure 21} and Ephoron
album also involved large numbers of individuals and was very conspicuous.

The emergence of aduli stoneflies occurs over a longer time span
than does that of mayflies. Emergence of stoneflies occured from March-
August {Figure 23). Three species, Copnia limata, Brachyptera fosketii
and B. pacifica emerged when the river was still covered with ice. Stone-
flies are not as abundant as mayflies, spend Jess time in flight and
are therefore less conspicuous when emerging. The most spectacular stonefly
emergence is that of Pteromarcys californica, the giant stonefly or the
"salmonfly” of fly fishermen. This species is confined to the upper river
where adult insect sampling was less intense. A small yellow stonefly,
Isoperla longiseta (Figure 24) emerges in large numbers in the Tower river.

Figure 2Z4. Photo of an adult stonefiy Isoperlia longiseta.
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The emergence patterns of caddisflies is presented in Figure 27. .
Emergence and flight times ranged from May-September. Caddisflies and

stoneflies can live for several weeks as adults; therefore the presence

of an adult does not necessarily signify recent emergence. In most

cases larval caddisflies can be identified only to genus; adult males

are necessary for species identification. The number of species presented

in Figure 27 is much larger than either the mayfly or stonefly lists '

because the fauna is very rich and because adult caddisflies are readily

attracted to collecting lights and are easily collected.

The family Hydropsychidas dominates the caddisfly fauna of the
Yellowstone River. Representatives of this family are all net spinners
and inciude the genera Chewnatopsyche, Hydropsyche and Arctopsyche, and
total 13 species {Figures 25 and 26). One species Hydropsyche corbeti
was not known from the United States until collected in the Yellowstone
River.

Bottom Fauna Standing Crop

Bottom samples taken during the fall of 1974 were designed to survey
the bottom fauna and to test equipment. The data are, therefore, semi-
quantitative and very difficult to compare with later sampling. Results
of bottom sampling during 1974 are presented in Appendix C.

Quantitative bottom fauna sampling began in the summer of 1975. No
sampling is possible in the Tower river during the winter because of ice
cover and shortly after the ice is removed, spring runcff begins and
bottom samples from this period would be of Tittle value. The data
gathered by Schwehr (1976) were added here to compare the density of
invertebrates of the mid-river {Stations 5-11} to that of the Tower river
(Stations 12-20). Field data from these samples are presented in Appendix 0.

In August standing crop estimates ranged from about 2000 m-2 at
Station 5 to about 50 m~2_at Station 9 (Figure 28). Station 19 exhibited
the lowest mean of 250 m~2. Generally there was a gradual decrease in mean
standing crop in a downstream direction.

September standing crop estimates exhibited a greater range, from
8500 (Station 5) to 20 m~2 at Station 19. Estimates from the lower river
were much lower than from upper river stations {Figure 29).

In October less variation in range was observed (Figure 30). The
maximum standing crop estimate was 4000 m-¢ (Station 11) and the Tow was
250 w2 at Station 18. The trend again was a gradual decrease in the
density of organisms as one moves downsiream.

In the November samples data from Stations 1 and 3 were available
(Figure 31). Standing crop estimates at Stations 1 and 3 were very similar
and much higher than for the remaining sampiing stations {range 4500-
12,000 m~2). The trend along a longitudinal gradient was a decrease in

standing crop downstream. .
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The percent composition of all invertebrate orders collected in 1975
are presented in Tables B-11. The mean percent composition of each order
is found in Table 12. Mayflies dominate the fauna in August and Trichopterz
begin to dominate in September and October while the Diptera became dominant
in November. Plecoptera are a minor portion of the fauna as are remaining
fauna. Figure 32 graphicaliy illustrates the Tongitudinal changes in
percent composition of invertebrate orders.

Species Diversity

Species diversity indices were calculated from Water's samples taken
during August-November 1975, The rationale behind species diversity
indices was the desire 1o begin a monitoring study of the Yellowstone River.
Mathematical indices are one way of condensing long species lists to a single
mathematical vaiue that can be compared and contrasted with other stations
and other time periods. Four different diversity indices are graphed and
presented in Figures 33-36 (Appendix E-F).

The Shannon index {D) appears to be the most sensitive to community
changes and these data are presented in Figure 37. The Miles (ity and
Sidney stations exhibited the greatest season change. The Glendive and
Intake stations were extremely constant and very similar {Tables 13-16).

Species diversity calculations showed that the Shannon index for ail
stations was near or below 3.0 for most stations. Generally an index above
3.0 illustrates a healthy, unsiressed community, while an index below
1.0 is indicative of a monospecific community under stress. The index range
of 1.0-3.0 seems to iliustrate a community under some stress. Stresses
upon certain Yellowstone communities might be due to large amounts of inorganic
sediments and non-diverse, uyniform substrate types of the riverbottom in
some areas.

CURRENT AND DEPTH REQUIREMENTS FOR INVERTEBRATES

Data from the current-depth studies at Glendive and Intake are summarized
in Table 17. In general, current and depth means are similar for both stations
and all sampling times. Taxa and number of individuais varied greatly, how-
ever. At Glendive the mean number of taxa increased from 3.9 in August to
9.0 in November; a similar trend was evident in the Intake samples. The
mean number of individuals increased from 9.7 to 149 at Glendive and from
37.9 to 65.8 at Intake. More taxa and more individuals were captured in
the October and November sampies at both stations than during August and
September. December samples would have been vaiuable, but were unavailable
because the lower river froze on November 30, 1975.

Population estimates from 24 samples at each station expressed in
numbers per mZ are shown in Tables 18-21. 1In August (Table 18) the fauna
was dominated by Traverella and Hydropsyche. There was a large difference
gn the total number of individuals collected at Glendive {1222} and Intake

5199).
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. Tabie 8. Percent composition of benthos from the Yellowstone River using
Water's samplers for the month of August 1975,

- Station
Qrder 5 78 ot s 1Y 18 19
Ephemeroptera 24,4 40,7 ©7.4 84,7 52.3 45.7 68.8 75,
Plecoptera 6.7 25.7 17.4 0.8 2.8 0.6
Trichoptera 4.3 22.4 5.8 B.& 31.9 48.7 30.1 19.
Diptera 63.2 11.8 9.5 5.6 9.9 1.8 5.1
Coleoptera i.4 3.1
Jdonata 0.5
O1igochaeta 0.6

Table §. Percent composition of benthos Trom the Yellowstone River using
Water's samplers for the month of September 1975.

T Station

Order 5 7 9 11 5 17 18 19
Ephemeroptera i8.2 71,1 0.4 50.7 37.4 30.1 37.8 28.
Plecoptera 3.7 540 1.7 0.1 0.2 2.0
Tricheoptera 21.2 1.7 0.9 8.7 48.1 52.1 57.1 46.6
Diptera 56.5 21.8 47.0 30,3 14.2 14.6 3.0 9.2
Coleoptera 0.9 6.2 0.1

Hemiptera 0.04

Turbellaria 0.04

(donata 1.
Oligochaeta 3.2 4.1
Acari Q.

Table 10. Percent composition of benthos from the Yeliowstone River using
Water's samplers for the month of October 1975.

h Station

Order 3 / E i 15 17 18 9
Ephemeroptera 8.3 35.6 50.8 26.1 35.0 19.8 22.9 21.8
Plecoptera 7.8 13.4 2.9 0.2 G.2

Trichoptera 12.2 12.0 14.1 29.% 39.7 47.4 17.9 44.8
Diptera /1.2 38.7 32.0 44.0 23.3 12.9 29.3 27.0
Coleoptera 0.1 0.7 8.1 0.2 0.5
Gdonata 0.2

Oligochaeta 1.6 19.8 29.7 8.0
Acari 6.3 0.1 8.2
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Table 11. Percent composition of benthos from the Yellowstone River using
Water's samplers for the month of November 1975,

T Station
Order i 3 5 7 9 11 i5 17 8 19
Ephemerouptera 4.5 7Z5.4 33.4 22.9 24.8 2.7 7.4 19.6 4.3
Plecoptera 1.4 1.8 8.3 13.8 4.8 1.7 0.4 4.5 1.0
Trichoptera 62.3 43.5 26.3 20.3 16.5 24.7 24.5 29.4 10.8
Diptera 2.1 29.4 29.6 40.6 53,8 54.2 48,4 35.9 75.4
Coleoplera 3.1 0.7 2.4 0.3 0.4
Oligochaeta 0.1 6.1 0.8 ' 6.2 19.7 10.6 8.6
Acari 0.5 0.1

Table 12. Percent composition of benthos from the Yellowstone River using
Water's samples, mean percentages for August-November 15975.

- Station
Order 1 3 5 7 g P 15 17 ‘8 19
Ephemeroptera 14.5 25.4 21,1 42.4 48.4 53.8 34.4 26.8 37.3 32.5
Plecoptera 1.4 1.6 6.5 14.5 6.7 0.4 1.2 0.1 1.8 0.3
Trichoptera 62.3 43.5 18.0 14.1 9.3 18.1 36.1 43.72 33.86 30.5
Diptera 2i.1 29.4 55,1 28.2 35.6 26.6 25.4 185.4 17.1 31.7
Coleoptera G.1 0.8 0.7 0.1 1.0
Hemiptera .01
Turbeliaria 0.01
(donata 0.1 <G.1 0.4
Oligochaeta 0.1 G.1 2.0 10,7 6.2 3.7
Acari g.5 0.1

Table 13. Species diversity, range of six Water's samples and results of
pooling all samples, August 1975.

T Station
5 7 9 11 15 17 18 15

) Max 2.79 3.1 2.95 3017 322 2,70 2,27 743
) Min 1.24 1,66 2,19 2,58 2.1 1.517  1.5% 1.69
~__ Pooled 2,22 3,43 3,25 3,08 32.19 2.5 2.12  2.49
Max L7 .27 LS4 .36 .50 .65 Y .49
Redundancy Min .27 G0 .02 .01 .24 .23 .33 .14
______ Pooled .45 .08 .28 .26 .32 G4 .45 .30
Max .78 .96 1.00 .92 .89 .90 . 81 .95
Evenness Min 18 L83 12 .70 .65 .62 .68 .76
__ Pooled .5 .88 .75 .74 .73 .62 .61 .75
Max .52 .72 1.00 .65 .68 .60 .50 .60
Equitability Min .18 .52 .45 .36 .31 27 .29 .39
Poglad .24 .47 A3 .36 .38 .25 .28 .35
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Tabie 14. Species diversity, range of six Water's sampies and results of
pooling all samples, September 1975.

B Station

Index 5 7 9 i 15 17 e 18

b Max 2.50 1.8  1.85 2.43

Min 1.84 1.38 0,83 1.59

- Pooled 2.49 2,14 2,089 7,49

Max .b5 .50 1.00 .49

Redundancy Min .33 .25 A3 14

Pooled .35 A3 48 .30

Max .72 .67 .95 .95

Evenness Min .55 .61 .5h3 .76

Pooled Y .62 .63 .75

Max L33 LAY .58 .al

Equitabiiity Min .26 .30 .20 .39

Pooled .25 .27 .32 .35

Table 15. Species

diversity, range of six Water's samples and results of

pooling all samples, October 1975.
N o Station
Index 5 7 g 11 15 17 i3 19
B Max 2.50  1.86 1.8 2.33
D Min .84 1.38 (.83 (.98
- Pooled 2.47 2.14 2,09 2,47
Max .55 5% 1,000 1,00
Redundancy Min .33 25 GU43 .38
Pooled . 39 43 0.48 0 0.00
Max T2 LB7 L85 1,80
Evenness Min .55 .61 .53 .62
o Pooled .52 .62 .63 .73
Max L33 .48 .75 1.00
Equitability Min 26 .30 .20 .31
Pooied .25 .29 .37 .38
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Table 16. Species diversity, range of six Water's samples and results of
pooling all samples, November 1975. .

Station

Index 1 3 5 / 9 11 15 17 18 19
B Max 2.88 2.82 1.96 2.45 2.24 1.97
D Min 2.01 2.18 1.41 0.84 1.06 (.24
_ Pooled 2.64 2.8] 2.00 2.11 2.46 1.30
Max .53 .44 .64 .82 1.00 .91
Redundancy Min .31 .32 .26 .33 .36 .32
Pooled .43 .39 .50 .51 .33 .56
Max g2 70 .80 .74 .75 .76
Evenness Min .49 .59 .54 .32 .6l .15
Pooled .58 .62 54 53 71 .46
Max .32 L3 .35 .36 .39 .36
Equitability Min .28 .25 .29 .13 .28 .03
Pooied .23 .25 .23 .23 .33 .14

Table 17. Mean and standard deviation for four variables measured in the
invertebrate/current investigation in the Yeilowstone River at
Giendive, 1975.

o Depth Current
Date (ft.) (f/s.) Taxa Indiv.
August 7 Mean i.8 1.202 3.9 9.1
S. Dev. 0.9 0.575 1.6 8.2
September 17 1.2 0.744 6.5 21.7
0.9 0.613 2.4 1.1
Gctober 9 1.4 0.786 16.9 126.9
1.0 0.570 2.2 86.6
November 7 1.6 1.029 9.0 149.0
0.9 0.678 3.8 133.9
Data taken at Yellowstone River, Intake
August 6 1. 1.653 4.8 37.9
0.6 0.782 1.8 32.4
September 9 1.4 (3.970 6.0 28.9
1.0 0.623 1.7 12.2
October 15 0.8 1.124 8.5 84.0
0.6 1.031 2.9 53.1
November 11 1.6 1.477 7.0 65.8
0.9 0.921 3.2 44.8
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Table 18.

Population estimates from the invertebrate-current samples, 24

samples from each station taken on August 6 and /. 1975

(no. /m2).

Taxa Glendive Intake
Becd ie aloxandori 17 b
Bactis parous 34 74
Brachysercus SP. 80 17
Chovolerpes SP. 0 11
Pacsbilobactis Sp. 11 17
Ephomerelia SP. o g
Heptagenia SP. 57 28
Toongehza SP. 11 40
Jii bieogona SP. 11 210
Teavarella SP. 193 3111
Pp ot hodes minutus 63 734
Hipdpcs b SPP. 569 751
Lepiocalla $p. 28 5
f:':r'ffﬂ(.’t"/.,(z Sp. 6 46
Chironomidae 119 114
Simuiiidae H 23
Dytiscidae o 6
0tigochaeta 6 11

Totals 1222 5199

Means 51 217




Table 19. Population estimates from the invertebrate-current samples, .
24 pooled samples taken September 9, 1975 {(no./m2).

Jaxa Glendive Intake
Haedids alexandert 28 102
faclis parvus 28 108
Dpeetugeoreus SP. 34 17
Caenis SP. 6 0
Chorolorpes SP. 23 57
Dere by lobacetis Sp. 28 97
Ephemerella SP. 0 0
Bphoron Sp. 28 17
Heplagenia SP. 131 14
Joonyehia Sp. 0 6
Ame Lropus SP. 0 6
Treperella Sp. 74 682
Iricorythodes minutus 279 347
Tricorylhodes SP. 0 57
Stenonema SP. 0 b
Chenmatopsyche SP. 63 23
Hydvopsycehe SP. 779 1763
Leptocella sp. 0 6
Acroncuria Sp- 0 6
Tsoperia Sp. 6 6
Microcylleopus SP. 6 0
e flra SD. 6 0
Ceratopogonidae 6 0
Chironomidae 1314 239
Simuliidae 6 51
MNigochaeta 119 28
Totals 2964 3638
Mean 124 152
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Table 20. Population estimates from the invertebrate-current samples, 24

pooied samples taken on October 9 and 15, 1975 {no./m2}.

Taxa Glendive Intake
Baelie alexandert 1772 1450
Baetio parvus 142 18
Brachycorous Sp. 23 11
Caenis SP. 0 &
Centroptdlum SpP. i g
Choroterpes SP. 46 i
Dactylobaetis Sp. 791 301
Ephemerella Sp. 0 &
Hepiagenia SP. 1879 943
Toanychia Sp. ¢ &
fhd L hrogena SP. 0 74z
Stevenama SP. & ¥
Traverella Sp. ith 647
Vil oy Lhodas minglus 767 91
Pricorythodes Sp. 11 0
Unknown & g
Gepmaarus SP. 5 5
Hyalella sp. O 6
Brachycontrus Sp. 1 G
Chewma bopsyche $P. 199 51
Huydropsyehe SD. 9845 4448
Hydroptila Sp. G 6
Ceeelis SP. 11 o
Gomphidae 17 0
faogqonus Sp. G 80
Tooperla Sp. 6 23
Corixidae 23 0
Dolochopodidae it 6
Empididae 11 0
Chironomidae 1973 2314
Simuliidae 1 154
Skenelmis SpP. 6 0
Ferrissia §p. 23 g
Tagmncaca SP. & 0
01igochaeta 2776 1104
Totals 20,637 12,640
Mean 835 527
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Table 21. Population estimates from the invertebrate-current sampies, 24 .
pooled samples taken on November 7 and 11, 1975 (no./m?).

Taxa . Glendive Intake
Baelic alemanderi 751 392
Bactis parvus 17 85
Brachycercus Sp. 6 0
Caeris SP. 11 0
Daclylobaetis SP. 63 40
Ephemerel la sp. 63 0
Heptagenia SP. 956 427
Leptophlebia Sp. 6 )
fthi throgena $p. 80 330
Stoenoncma SP. 11 0
Traverella Sp. 51 11
Tricormythodes mintus 97 34
Tricorythodes SP. 6 6
Chewna topsyche SP. 927 114
Huydropsyche Sp. 10608 4846
Hyalella sp. 6 0
Hrachyptera SP. 256 239
T'soqenus Sp. 6 142
Corixidae 46 0
{hironomidae 1905 1758
Empididae 6 0
Ceratopogonidae 0 6
Simuliidae 0 &
Dytiscidae 11 6
Forrissia Sp. 17 11
Lapmvczea SD. 11 0
(ligochaeta 4374 529
Totals 20,245 8988
Mean 844 375
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In September (Table 19) Aydropsyche again were very abundani as were
Chironomidae. Totals were comparable for Glendive {2964) and Intake (3638).

Hyelropsyche and Chironomidae again dominated in the (ctober samples
(Table 20). Number of taxa and total number of individuals greatly in-
creased at both stations.

November samples again found Hydropsyche and Chironomidae dominant
{Table 21). Totals were avain high at Glendive (20,245) but were con-
siderably reduced at Intake {8988;.

A1l 48 samples taken esach month were pooled to illustrate which orders
dominate the fauna {Table 22). The fauna was dominated by Ephemeroptera
and Trichoptera with Diptera a close third. Ephemeroptera monthly per-
centages ranged from 11.7 to 73.6 percent while Trichoptiera totals varied
from 21.7 to 56.3 percent of total. It is obvious that the October and
November samples contained more information than the August-September
sampies. This is probably dus o summer emergence 103ses and presence
in August and September of very small larvae and nymphs, most of which
passed through the collecting net. Mean population estimates varied from
138 m? {August} to 681 m¢ {October). Percent composition of orders at each

station is available in Table 23}.

Table 22. Population estimates and percent composition taken from the
invertebrate-current sampies. HNumbers are expressed in no. /mé
and the vaiues in paventheses are percent of monthly pooied
totals from the Glendive and Intake samples.

Orders August September October Kovember Mean

EPHEMEROPTERA 2175 4725 G565 3449
(32.9) {73.8) (29.2} (1.7} (356.9)

TRICHOPTERA 2634 1354 14,571 16,4595
{39.9) (21.1}) (44.6) (56.3) {40.5)}

PLECOPTERA 18 5¢ 115 643
{0.3) {G.3) (0.4} (2.2} {0.8)

DIPTERA 1616 267 4485 3687
(24.5) (4.2) (13.7} (12.8; {13.8)

DLIGOCHAETA 147 17 3880 4903
{2.2} (0.3) {(11.9} {16.7) (8.0

Others 12 & 87 108
(0.2} {0.1) (0.2} (0.4) (0.2}

Totals 6602 6421 32,677 25,279

Means 138 134 681 810

N 48 48 48 43
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Table 23. Percent composition of invertebrate orders taken with kick
samples at Glendive (17} and Intake (18), 1975.

Month - Station

August September October November
Order 17 18 17 18 17 18 17 18
Ephemeroptera 39.5 B81.6 22.2 4i1.7 Z25.6 35.1 10.5 14.8
Trichoptera 48.9 14.6 28.4 49.3 50.2 35.6 57.0 55.2
Plecoptera 0.5 0.9 6.2 0.2 0.05 0.8 1.3 4.2
Diptera 10.6 2.6 44,7 8.0 10.0 19.6 9.4 19.7
Hempitera 0 g 6.2 0 6.1 © 0.2 -
Coleoptera 0 Gg.1 0.2 0 0.05 0 0.1 0.1
Qdonata 0 0 0 G 0.1 € 0 0
Amphipoda 0 o 0 0 - 0.2 0.1 0
Mollusca 0 0 0 0 0.1 0© 0.1 0.1
Oligochaeta 0.5 0.7 4.0 0.8 13.9 8.7 2i.6 5.9

Results obtained with the kick nel were compared with results of the
Water's sampler. Results were simiiar, but the number of organisms
obtained with the kick net was aiways Tower than numbers obtained with
the Water's sampler (Figures 38-39). Several kick samples were taken
at the water's edge and in water too shallow to sample with the Water’'s
sampler. This would tend to expand the range and reduce the mean. At.
both stations both samplers followed the same trend and a line joining
the means of both methods is almost paraliel. The Water's sampler is
19.5 1in. high; thus only kick samples taken in depths less than 19.5 in.

were compared.
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Environmental Reguirements

Multiple regress lyses were performed on the current-depth
data with PE?TQFL and as independent variablies and number of taxe
and number of individual depengent variables. 7T models
appiied: 1} untransformed; 11) semilog transformation {of dependent
variables); and 111} Tog-log transformation {Appendix G).

It is obviocus from Tabies 24 and 25 that depth is less freguently
significant than current velocily as 2 means of predicting the number
of taxa or the total number of individuals per sample. Number of taxa
and number of individuals are very similar when regressed against current
velocity. Figures 40-42 are plots of Lhe ragression data showing how
these daia can be expressed to predici the numbers of individuals at
any particular current or depth, The deviation of the data from the
regression line is demonstrated in Figure 42, for example, where the
regression coefficients {r) are §.774 for current and 0.808 for depth.
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Table 24. Synopsis of regression analysis on the current-depth data
showing significance for the three models for both sampling .

stations. Regression of number of taxa and depth (ft.) and
current velocity (cfs).

o Depth &

Model Depth Current Current Date Sta.
1 NS NS NS Aug. 17
il NS NS NS Aug. i7
IIl NS NS NS Aug. 17
1 RS NS NS Sept. 17
il NS NS NS Sept. 17
Il NS * * Sept. 17
I NS NS # Oct. 17
11 NS NS * Oct. 17
111 NS * *k Oct. 17
1 R ok * Nov. 17
11 Fok K *% Nov. 17
111 %k *i *%k Nov. 17
I NS NS NS Aug. 18
i1 NS NS NS Aug. 18
111 NS Fk *% Aug. 18
I NS NS NS Sept. 18
11 NS NS NS Sept. 18
111 NS NS NS Sept. 18
i Rk * Ll Oct. 18
Ii il * *H Oct. 18
111 *k % F*x Jct. i8
i * NS ** Nov. 18
IT * ' NS *k Nov. i8
111 *dk *k wF Nov, 18
NS = not significant at p < .06

significant at p < .05
highly significant at p < .01
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Table 25. Synopsis of the regression analysis on the current-depth
data showing significance for the three models for both sampiing

stations. Regression of number of organisms and depth (ft.} and
current {(cfs).

Depth &
Modei Depth Current Current Date Sta.
1 NS NS NS Aug. i7
1 NS NS NS Aug. i7
111 NS NS NS Aug. 17
I * * * Sept. 17
11 NS NS N Sept. 17
I11 * Fk Fk Sept. 17
I Fk ol i Oct. 17
i1 i wH ** Oct. 17
i1 e * *H Oct. 1
i i *k wk Nov. 17
II e *x il Nov. 17
I8 wk * wk Nov . i7
1 ** * *E Aug. i8
17 ek Hdk % Aug. 18
111 *k *F e Aug. 18
i * wH Fx Sept. 18
il *k wx ksl Sept. 18
i1l * NS FE Sept. 18
I E Fok dok GQ‘E. E
Ii *k o wk Oct. 18
I11 i ol il Gct. i8
I ** NS HHE Nov. 18
iI *K wx wH Nov. 18
111 e e wE Nov. 18
NS = not significant at p < .05
* = gignificant at p < .05
*% = highly significant at p < .01
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A1l of the data on mavfly current preference were pooled and are
presented in Figure 48. Several points are evident. Current preference
changes with different periods in the 1ife cycle of a species. Greatest
poputation densities for Heptagenia elegantula changed from 0.5 fps
in October to 1.5 fps in November. Populations of Baetis alewanderi
exhibited a similar trend. The two samples of Traverella albertana,

however, were very similar (2.5 fps}.

Figure 48 gives some insight into niche separation of six species
of Ephemeroptera. Each of these species had its highest densities at
sTightly different current velocities thus reducing interspecific
competition for food and resting areas. The remaining mayflies species
were present in numbers too small to iillustrate current preference
and made up an insignificant part of the fauna in the lower Yellow-
stone River,

Plecoptera nymphs were not common in the lower Yellowstone River
and Tittle information on current preference was obtained. At Intake,
however, Plecoptera were only found atl the fastest currents.

Trichoptera larvae. Hydropsyche in pariticular, exhibited a distinct
curvent preference with the greatest number of larvae found at the
fastest currents sampled. larvae could not be identified to species
and at least three species of Hydropsyche have been collected at
Glendive and Intake. Samples taken in August and September were not
significant (p<0.05) when relating numbers of individuals to current.
Samples taken in October and November at both stations were highly
significant. It is interesting to note that regression 1ines varied

Tittle from Gctober to November at Glendive and at Intake (Figures 49-50).

There is some evidence that Aydropsyche reached its greatest
densities at about 1.5 fps at Intake in October (Figure 49) and 2.0
fps in November (Figure 50) after which densities decreased at greater

velocities {Appendix Hj.

Discharge data above and below the study stations are shown in
Table 26 (USGS 1976).

Table 26. Discharges at Miles City and Sidney during sampling periods

{cfs).
Date Mitles City Sidney
August 6, 1975 20,200 21,200
August 7, 1875 18,500 20,300
September 9, 1975 9,840 10,160
September 17, 1975 8,440 8,980
October 9, 1975 8,000 8,730
October 15, 1975 8,850 10,300
November 7, 1975 8,620 16,400
November 11, 1975 10,300 10,100
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DISCUSSION .

1t is difficult to predict the effects of flow reduction on the
invertebrate fauna of a stream because of the large number of species
involved and the inability to discuss the environmental requirements
and tolerances of a group as large as the Ephemercptera or Trichoptera.
Even within a genus there are large variations in tolerance. The need
to know environmental reguirements of a species is compiicated in the
west because few western species have been intensively examineq. Roback
{1974} Tists the habitat reguirements of many aquatic insects 1in terms
of chemical concentrations but few western species are listed. Be-
cause of these problems, predictions of effects of reduced flows will
be general in scope at least af the present time.

Chemical

Attempts to explain the distribution of species in terms of
chemical differences have not had much success except where con-
ditions are extreme [Macan 1974).

At present, dissolved oxygen concentrations are sufficiently
high to sustain inveriebrates and fish. Dissoived oxygen could influence
inveriebrate communities if reduced Tlows are so low that the BOD of
domestic sewage or decaying organisms tax the reaeration capacity of
the river.

With reduced flows, increased concentrations of nutrients could
resylt in an increase in periphyton growth especially in the present
dominant alga Cladophora. A large mat of Cladophora would increase
the diversity of benthic habitats and wouid probably result in a larger
standing crop of benthic organisms although there would probably be
a shift in benthic species composition {Percival and Whitehead 1929).

5iit

Currently the Yellowstone River carries large amounts of suspended
material mostly inorganic in nature. There appears to be enough current
to remove much of this material and siit deposits are not freguent
along the river, The high spring runoff is one factor that keeps the
river flushed of inorganic sediment. The macroinveriebrate fauna of
the Tower Yellowstone is predominantly siit tolerant. Genera known
to be silt tolerant include: Tsonychia, Tricorythodes, Caenis, Traverella,
Brachycercus, Stenonema, Dactylobaetis, and Ephoron {{Berner 1959,
Jensen 1966). It is not known how much silt the benthic fauna of the
Tower river can tolerate. Sampling station 20 has the Towest gradient,
the greatest silit concentrations, and the iowest benthic diversity of
all sampiing stations. If station 20 is used as an example of what
could happen at gther stations if the high development scenaric is
achieved, the resylt will be a poorer fauna in numbers and species.
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Figure 51. Typical rubble substrate in the lower Yellowstone,
low summer flow at Glendive.

Figure 52. Closeup of typical rubble substrate
in the lower Yellowstone at Glendive.
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Temperature

Reduced flows resulting in a shallower river will probably result
in higher water temperatures that will have an influence on the benthos.
Increased temperatures would affect growth., emergence, egg hatching,
dissolved oxygen and metabolism. The net effect would probably be a
reduction of the fauna.

Another factor associated with temperature is ice. In the lower
Yeliowstone River a sociid ice cover lasts for several months (Figure
20). Ice cover at Glendive lasted from late December to April during
the winter of 1974-75 and Tate November to mid-March during 1975-76
(Figure 53}. Surface ice can act in several ways to ki1l invertebrates.
Brown et al. {1953) found that surface ice killed invertebrates. Low
flows would permit thicker ice conditions, freezing of large areas of
shallow water, and increased gouging and molar action during the time
of ice break-up (Figure 54}.

Food

It is interesting to note that Egglishaw (1964), Macan {1974),
and Cummins (1975a) all believe that the microdistribution of a species
is more determined by food preferences than any other factor. Current
distributes allochthonous detritus and periphyton which in turn
determines invertebrate distribution. Cummins {1972) presented a
table on how food 1influences microdistribution of aguatic macroinverte-
brates (Figure 55).

In attempting to determine if faunal zonation occurs in the
Yellowstone River, aquatic genera found in the Yellowstone River were
grouped according to feeding mechanism {(Table 27). It becomes im-
mediately evident that a grouping of organisms into zones is very
difficult. One can see that it is necessary to go to a lower taxonomic
level than family in describing its distribution, e.g. the family
Chironomidae is listed under all three categories and this family is
found at all 20 stations. Four genera in the shredder category are
confined to the upper river and at least in part they define the
erosional habitat of Cummins(1975a). {Genera found in the collector
and scraper category are variously distributed along the entire river
thus obscuring the intermediate and depositional zones, if they do
exist in the Yellowstone River. It may be necessary 1o graph the
abundance of each genus or each species in order to separate the fauna
into habitat zones. More information on feeding habits of individual
species is necessary before this can be done.

Current and Bottom Habitat

Bottom samples taken at Glendive and Intake during 1975 revealed
that invertebrate densities are directly proportional to current
velocity up to velocities of 3.0 fps. No sampies were taken at velo-
cities greater than 3.0 fps and, therefore, predictions of standing
crop at faster currents would not be appropriate.
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Flow reducticons in the Yellowstone would result in reduction
in current velocities across the entire river channel because of its
"U" shaped configuration. A general reduction in flow would resylt
in a faunal reduction because of reduced preference for siow currents
for most species. Minshall and Winger (1968) found that a reduction
in fiow caused a large increase in the number of drifting organisms.
Increases in drift expose a greater number of invertebrates to preda-
tion by fish and may remove them Trom a section of streanm.

It is possible to relate invertebrate densities to discharge
it mean currvent velocities across the river at several points are known.
The Bureau of Reclamation Water Surface Profile (WSP) Computer Program
{U.S. Department of Interior 1968) does this. It utilizes current and
depth measurements from several transects to compuie area and mean
current velocity in several subsections of all transects at any desired
discharge. This technigue was used at the Intake station, the WSP
Program was used to predict mean current velocities in 15 subsections
at three discharges {Table 28). After the width of =ach subsection
was calculated, the mean current velocity was placed in the regression
equation obtained from kick samples in November 1975 {Appendix D).
November was selected because this was the last month bottom sampies
were obtained.

The standing crop in each subsection was summed. At a discharge
of 9000 cfs {about mean low summer discharge) the standing crop esti-
mate is 208,847 for a onemeter wide strip of river bottom at Intake.
This number decreases to 189,895 at 800G cfs and 171,802 at 7000 cfs,
or about a ten percent reduction in standing crop with each 1000 cfs
reduction in dischavge. The mean current velocities and standing crop
in each subsection at Intake are presented in Table 28.

Standing crop estimates at 7000, 8000 and 9000 cfs are graphed
in Figure 56 along with a diagramatic representation of Jloss of habitat
due to water withdrawal. Stage height at 9000 cfs is 1985.30 feet
at cross section 5; this cross section was taken opposite the boat
taunch at Intake. Stage height decreases to 1985.15 at 8000 cfs
and 1984.90 at 7000 cfs. Thus the river drops only a few inches as
discharges decrease by 1000 cfs and only a few sguare feet of river
bottom are exposed. All of these calculations apply to transect 5
at Intake and river bottom figuration will change at other locations
as will current and standing crop.

When standing crop estimates derivedat 7000, 8000 and 9000 cfs
are piotted against discharge the following regression equation resuits
{Figure 55):

Tog Standing Crop = 4.9384 + (.000042 Discharge (cfs)
This equation permits a prediction of standing ¢rop of invertebrates
at any discharge. One should remember that a regression eguation is

a mathematical tool that may or may not predict a future biological
event. Therefore, stancing crop estimates may continue decreasing
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. Table 28. Invertebrate population estimates utiiizing data from
Intake station 18, subsections from WSP, regression

equation from Nov. kick samples, (no. m™¢).

at 9000 cfs at 8000 cfs at 7000 cfs
Sub Mean Population Mean Population Mean  Population
Section Velocity Estimate Velocity Estimate Velocity Estimate
(fps) {fps) {fps)
1 0 - 0 - 0 -
Z 1.02 - 0.91 - 0.81 -
3 2.53 20,819 2.32 18,640 2.15 16,704
4 3.42 39,563 3.17 34,306 2.96 30,433
5 2.94 30,158 2.72 26,560 2.54 24,070
) 2.09 25,868 1.90 22,825 1.73 20,923
7 1.88 16,600 1.70 14,840 1.58 14,110
8 2.13 11,931 1.94 10,721 1.77 9,683
g z2.56 15,217 2.35 13,487 2.18 12,277
10 2.39 16,600 2.66 19.297 2.49 17,430
11 2.85 17,983 2.68 16,254 2.45 14,352
12 1.97 10,894 1.79 9,856 1.62 8,819
13 (.77 3,218 0.62 3,008 3.50 2,801
14 0 - 0 - G -
15 0 O 0 0 0 0
Totals 208,847 189,895 171,602

linearly as the regression equation states. 1In this case the
regression line is probably roughly accurate. Because of the
channel morphometry in the Intake area, decreases in discharge
result in decreasing currents across the entire channel and little
pottom (habitat) is exposed in the process. However, at some low
discharge large amounts of riverbottom would be exposed with re-
sultant loss of habitat and a dramatic decrease in fauna. The
effects of reduced current velocity and loss of bottom habitat are
separable in their effect on fauna. Reduced current velocities
{due to Towered streamflow) could adversely affect bottom fauna
before a significant loss in bottom habitat occurred.

If the regression equation (Figure 56) is utilized, standing
crop estimates can be calculated for various discharges in a 1-meter
wide strip at Intake:

5000 cfs 155,800 organisms
5000 cfs 141,300 organisms
@ 4000 cfs 128,200 organisms
3006 cfs 116,300 organisms
2000 cfs 105,400 organisms
1000 c¢fs 95,600 organisms
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These standing crop estimates are based on data gathered in
November and are higher than estimates would be Tater in the winter
or spring because of naturalmortality and drift cut of the study area.
As flows decrease, several other events would undoubtedly resuit in
a higher than normal mortality of invertebrates - these are ice and
silt. With decreased discharges, ice cover would tend to be thicker than
normal thus freezing larger than normal areas of river bottom. The
additional ice and shalliow areas would result in a greater amount of
molar action during spring ice break up.

Low discharges and reduced currents would permit greater amounts
of silt to accumuiate which is very detrimental to bottom dwelling
organisms.

Evidence confirming the "stream continuum" theory is apparent
although not in large quantities. One major problem with implementing
this theory in the west involves stream order. With the muyititude of
tributaries to every stream a large creek might be an order 10-15
by the time it reaches a larger river. The Yellowstone River could
conceivably be an order 20 or more although this has never been cal-
culated. Some of the basic tenants of the theory are evident. The
invertebrate fauna in stations 1-8 is dominated by shredder-type
organisms. The fauna in the middle and lower river is dominated by
organisms that are coliectors, i.e. the Trichoptera family Hydropsychidae,
which build small nets to collect small food particlies and small
organisms carried aicng by the current. Scraper or grazing organisms
are found throughout the river and siit tolerant organisms become
abundant in the low gradient portions.

Faunal zones are broad and not distinctly defined. This is true
for fish and botiom dwelling organisms. Throughout the upper half of
the river the salmonid community gradually decreases as does the
Plecoptera fauna. Mayflies, however, exhibit a gradual shift from one
community to another with the exception of several species that are
very adaptable and are present throughout the entire river.

SUMMARY

The invertebrate fauna of the Yellowstone River is rich in numbers
and species. The number of species and standing crop is greatest in
the upper river, stations 1-5, and both decrease downstream.

The invertebrate fauna is dominated by mayflies, caddisfliies and
true flies. The stonefly fauna is diverse but not abundant and there
is a steady decrease in number of species downstream. The mayfly
fauna is composed of a mountain fauna, a prairie fauna and several
species found throughout the river. In the lower five sampling sta-
tions, mayflies are the most diverse order. C(addisfiies are very
abundant and diverse throughout the Yellowstone River. The family
Hydropsychidae dominates the invertebrate fauna in the lower half
of the river. True fiies {Diptera) and in particular the midge
family, Chironomidae, are abundant and diverse througout the river.

The inveriebrate fauna of the Tongue River is somewhat similar
te the fauna of the Jower Yelliowstone River.

=



Baseline species diversity calculations showed that the Shannon .
index for all stations was near or below 3.0 for most stations.
Generally an index above 3.0 illustrates a healthy unstressed community
while an index below 1.0 is indicative of a monospecific community
under stress. The index range of 3.0-1.0 seems to illustrate a com-

munity under some stress.

The current preference for many species and genera was examined.
For most species increasing current {to 3 fps) means a larger standing

crop.

The standing crop of invertebrates for a one meter wide piece of
river bottom at Intake was calculated and a regression ecuation was
formulated to calculate standing crop at various discharges.
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APPENDIX B

CONVERSION FACTORS

1V inch = 2.54 ¢m
T em = 0.393 in. or 0.032 ft
1 foot = 0.304 m
T m = 3,28 feet
1 square foot = 0.093 sqg. m
1 square m = 10.744 sqg. ft. = 1547.136 sq. in.

Samplier Areas

Water's Round Sampler

13.5 in. (34.3 cm) (143,139 in®) or 0.093 m?

Diameter =
Height = 14,75 in.. 50.5 onm
Mesh = #20 {20 apertures/inch)

to convert area to m¢ multiply by 10.808
Quantitative Kick Net

Area 17" x 18% = 43,18 ¢m x 40.64 cm
272 inl or 0.176 me
Mesh = #20
to convert to mé multiply by 5.688

T
I
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Appendix €. Bottom fauna analyses, Yellowstone River station 17
{Glendive}, April 17, 1975. Sampled by: kick.

Taxa Number

Ephemeroptera

Baetis 13

dphemerella 7

Leptophlebia !

Heptagenia 37

Stenonema 1
Trichoptera

Hydropsyche 33

Brachycentrus 4
Plecoptera

Isoperia 29

Tsogerus Z
Coleoptera

Stenelmis |

Hydroporus 3

Unknown 1
Diptera

Ceratopogonidae i

Orthocladius 145

Ablabesmyia 5

Eukiefferiella 9

Trichoeladius 2
0ligochaeta 36




Appendix C . Bottom Fauna Analyses, Yellowstone River Station
15-Miles City {Yellowstone River), April 18, 1975,
sampled by Kick.

Taxa Number

Ephemeroptera

Baetis 458

Ephemerella 40

Fhithrogena 7

Heptagenia 13

Stenonema 5

Baetisea 4
Trichoptera

Hydropsyche 11

Brachycentrus 2
Plecoptera

Isogenus 1

Tsoperla 12

Acroneuria 1
Odonata

Ophiogomphus 1
Coleoptera

Stenelmis 7
Oligochaeta il
Diptera

Hemerodromia 1

Orthocladius 53

Chironoms 4

Microtendipes 1

Cardiocladius i

Unknown 1




Appendix C . Bottom Fauna Analyses, Yellowstone River Station
14-Forsyth {Yellowstone River), Aprii 18, 1975,
sampled by Kick.

Taxa Number

Ephemeroptera

Baetis 516

Ehithrogena 140

Ephemerella 13

feptagenia 2

Tricorythodes 1
Trichoptera

Cheumatopsy che 5

Plecoptera
Isoperla 44
Isogenus 6

Diptera
Orthoeladius 13
Cardiocladius 3
Bukiefferiella 1
Paplauterborniella 1

Hemiptera
Hesperocorizda 1
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Appendix (. Bottom Fauna Analyses, Yellowstone River Station
13-Myers {Yellowstone River}, April 18, 1975, sampled

by Kick.
Taxa Number

Ephemercplera

Baetis 207

Ephemerella 13

Fhithrogena 4

Heptagenia l
Plecoptera

Tsoperla S

Isogenus e
Trichoptera

Cheumatopsyche 5
Hemiptera

Hesperocoriaa 59
Diptera

Simulium 4

Trihelos 2

Fukiefferiella 72

Orthocladius 35

Paralauterborniella 3

A-3



Appendix C. Bottom Fauna Analyses, Yellowstone River Station
12-Bighorn River {Yellowstone River), April 18,
1675, sampled by Kick.

Taxa Number

Ephemeroptera

Bagtis 6

Ephemerella 4

Leptophlebia 1

Heptagenia 4
Plecoptera

Isoperia 2
Hemiptera

Hesperocorixa g
Diptera

Ortheeladius 5
0ligochaeta 6




Appendix C . Bottom Fauna Analyses, Yellowstone River Station
1-Corwin Springs (Yellowstone River), April 7, 1975,
sampled by Kick.

Taxa Number
Ephemeroptera
Baetis 274
Ephemarella 423
Rhithrogena 65
Epeorus 2

Trichopiers

Hydropsyche 473
Cheumatopsyche 5
Paychomyia 6
Lepidostoma i6
Hydroptila 33
Arctopsyche 1
Flecoptera
Acroneuria 14
Pteronareys 16
Alloperla 26
Tsoperla 70
Nemowra 3
Isogenus g
Diptera
Agathon 1
Atheriz 14
Hexatoma i
Hemerodromia 1
theotany tarsus 40
Orthocladius 349
Diamesa 40
Cardiocladiue 120
Ablabesmyia 2
Microtendipes 80
Hydracarina 6




Appendix ¢ . Bottom Fauna Analyses, Yellowstone River Station
15 (Miles City), March 19, 1975, sampled by Kick,

Taxa Number

Ephemeroptera

Baetis 67

Ephemerella 14

Heptagenia 4

Rhithrogena 5
Trichoptera

Hydvopayche is

Cheumatopsyche 7

Fydroptila 1

Plecoptera
Capnia
Brachyptera
Teoperia

Pk
LY Lad bt

Coleoptera
Dytiscidae
Inbivaphia

o B
SLEN2 HRLE

[ORNNE TN

Diptera
Dioranota
Orthocladin 3z

MR .
Euldefferiaella

of

o oh dam

[l




Appendix € . Bottom Fauna Analyses, Yellowstone River Station
14 (Forsyth), March 19, 1975, sampled by Kick.

Taxa Number
Ephemeroptera
Ameletus ?
20
Rnithnrogena 5
Heptagenia i0
Leptophlebia 5
Ephemerelia Ja
Plecoptera
Copnt 1
Tsoperla 40
Trichoptera
Fudropsyche 1
30
1
Oiigochaeta 28
Turbeilaria 1
Diptera
Ceratopogonidae 1
Stmu L ium 1
Unknown 1
trthoeladius 36
Cardiocladius 1
Rheotanytarsus 1
Cryptochironomus 2
Unknown 3




Appendix © . Bottom Fauna Analyses, Yellowstone River Station
13 {Myers), March 19, 1975, sampied by Kick.

Taxa Number

tphemeraoptera

Baetis 118

Bhithrogena 7

Ephemerella 11

Heptagenia 9

Leptophlebia 3

Ameletus 2
Plecoptera

Isogenus 4

Tsoperla 2
Trichoptera

Hydropsyche 4

Cheumatopsyche 26

Hydroptila H
Hemiptera

lesperocoriza 170
Coleoptera

Dytiscidae i
fepidoptera

Cataclysta 1
0ligochaeta

Nias 4

Unknown A 15
Diptera

Dieranota 3

Stmulium 4

Ceratopogonidae i

Orthoeladius 1,350

Candiocladius 60

Unknown i7
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Appendix (. Bottom Fauna Analyses, Yellowstone River Station
12 {Bighorn River), March 19, 1975, sampied by

Kick.
Taxa Number

Ephemercptera

Boetis 5

Ephemerella 5

Hep tagenia 1

Stenonama 1

Leptophlebia 2
Trichoptera

Chewnatopsyche V4

Hydroptila 2
Dipters

Orthoeladius 30

fukiefferiella 1
Oligochaeta )
Homiptera

Hesperocoriz Z
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Appendix € . Bottom Fauna Analyses, Yellowstone River Station
4-above Shields River {Yellowstone River), March 10,
1975, sampled by Kick.

Taxa Number
Ephemeroptera
Ephemerel la 1,276
Baetis . 232
Rhithrogena 4

Plecoptera

Tsoperla 80
Alloperla 60
Hemoura 4
Isogenus 20
Trichoptera
Brachycentrus 36
Hydroptila 12
Lepidostoma 80
Hydropsyche 364
Cheumatopsyche 4
Athripsodes 4
Hemiptera
Corixidae 4
Diptera
Atherizx 16
Hexatoma 8
Dolichopodidae 4
Orthocladius 520
Cardiocladius 192
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Appendix C, Bottom Fauna Analyses, ienneco Station Mallard Rest,
March 10, 1975, sampled by Kick,

Taxa Number

Ephemeroptera

Ephemerella 2,458

Baetis 23

Ehithrogena 100
Trichoptera

Avciopsycha &

Hydropayche 420

G lossosoma 11

Lepidostoma 606

Hydroptila
Peychomyia
Cheumatopsyche
Rhyacophila
Brachycentrus

e
Pt bt (I s 0

Plecontera

Isoperila 209
Alloperia 158
Hemoura 12
Isogenus 5
FPtaronareella 3
Piernareys 4
Diptera
Atherix 5
Hezatoma 6
Agathon Z
Simulium 3
Diamasa el
Cardiceladiue 208
Orihocladiusg 110
Fheotanytarsus 1
Colecptera
Dytiscidae 15
Opticservus 1

Acari 0




Appendix C . Bottom Fauna Analyses, Tenneco Station Corwin Springs,

o March 10, 1975, sampled by Kick.
Taxa Number
Ephemeroptera
Baelis 294
Ephemerella 389
Heptagenia 4
Amelatus 7
Paraleptophlebia 1
Bhithrogena 60
Epeorus 2
Jiptera
Diagmesa 60
Orthoeladius 51
Cardiocladius 61
Miorotendipes 20
Rheotanytarsus 51
Agathon 3
Atherix 2
Hexatoma 1
Trichoptera
Arctopsyche 5
Hydropsyche 310
Lepidostoma 43
Brachycentrus 1
Hydroptila 18
Athripsodes 1
(:lossosoma 2
Rhyacophila 1
Psychomyia 2
Plecoptera
Pteronarcys 18
Acroneuria 7
Alloperla 24
Isoperla 63
Nemoura 7
Acari 3
Coleoptera
Optioservus 1
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Appendix  ©. Bottom Fauna Analyses, Yellowstone River Station
4 {above Shisids River), February 14, 1975, sampled

by Kick.
Taxa Humber
Ephemeroptera
fphemerella 440
Baetis 7
Rhithrogena 4
Trichoptera
Hydropsyche bi2
Chewnatopsyche 3
Arctopsyche 5
Brachycentrus 35
Lepidostoma 4z
Uydroptila 5
Plecoptera
Alloperla 28
Iaoperla 3
Nemenara 1
Capnia 2
FPteronarcella 5
Diptera
Atheric 25
Hexatoma 7
Empididae 3
Orthocladius 648
Cardiocladius 20
Yomead 3
Ablabesmyia 2
Unknown i
Coleoptera
Hydroporus 3




Appendix € . Bottom Fauna Analyses, Yellowstone River Station
3 (Livingston), February 14, 1975, sampied by

Kick.
Taxa Number
Ephemeroptera
Ephemerella 432
Baetis 209
Lhi throgena 227
Trichoptera
Lepidostoma 103
Hydroptila 42
Brachycentrus 7
Psychomyia 18
Athripsodes 3
Hydropsyche 57
Plecoptera
Pteronarcella 2
Tsogenus 5
Tsoperla 93
Alloperia 38
Nemoura 1
Diptera
Holorusia 1
Hexatoma 4
Empididae 1
Simulium 4
Atherix 4
Diamesa i
Cardiocladius 130
Orthoeladius 80
Microtendipes 88
Hydracarina 2
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Appendix C Rottom Fauna Analyses, Yellowstone River Station
o-Mallard Rest {Yellowstone River), February 14, 1975,
sampled by Kick.

Taxa Humber

Egﬁameropuera

Frihemerel la 141
l‘)u(., i//u, 5
Rhithrogena 17

Flacoptera

Isogenus 3
Tsoperila 4z
Az;ﬁvc?la 5

?ricﬁep%e?a

Glossosoma 5
baybboopomf 46
Hydroptila i3
Amiocentrus fa
Athripsodes 1
Hydropsycne 264
Chewnatopsycne 16

Diptera
Hegotoma 4
ufﬂubaum fa

) 91
Ofrmoc/adi 7 40

Cardiceladius 273
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Appendix  C. Bottom Fauna Analyses, Yellowstone River Station
1 (Corwin Springs), February 14, 1975, sampled by

Kick.
Taxa Number
Ephemeroptera
Ephemerella 640
Baetis 83
Rhithrogena 30
Heptagenia 4
Trichoptera
Hydropsyche 1,184
Chewnatopsyche 30
Hydroptila 12
Lepidostoma 94
Arctopsyche 17
Glossosoma 8
Athripsodes 1
Plecoptera
Pteronarcys 107
Pteronarcella 1
Hesperoperla 43
Alloperla 25
Tsoperla 103
Tsogenus 4
Nemoura 5
Coleoptera
Hydroporus Z
Heterlimnius 3
Diptera
Agathon 2
Hewa bome 8
Empididae ¢
Simulim 2
Atheriz 32
Diamesa 150
Cardiceladius 170
Orthocladius 54
Hydracarina 1




Bppendix  C. Bottom Fauna Analyses, Yellowstone River Station
12 {(Bighorn River), January 13, 1975, sampled by
Kick.

Taxa Number

Ephemercoptera
Baetis
Ephemerella
Stenconana

Tl 5 ) 7
Trrecorylbnodas

) ot
O On o et

Trichoptera
Chewnatopsyche 12
Hydroptila 36

Polycentropus 7
Piecoptera

Caprta i

Alloperla 4

Tsoperla 1
Hemiptera

Ambrysis 1
Diptera

Bri i 4

Mlivotanypus 4

Ablabesmyia 36

Micerotendipes 100

Orthocladius 220

Unknown 9

g1igochaeta
Tubi ficidae 20
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Appendix €. Bottom Fauna Analyses, Yellowstone River Station
4 (below Livingston), January 13, 1975, sampied by

Kick.
Taxa Number

Ephemeroptera

Ephemerella 8

Baetis 17

Rhithrogena 15
Trichoptera

Hydropsyche 2

Hydroptila 1

Pgychomyia 1

_Glossosoma 2
Plecoptera

Capnia 2
Diptera

StmulLum 4

Dicamesa 20

Cardiodadius 160

Orthoeldius 47
Hydracarina 1
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Appendix C . Bottom Fauna Analyses, Yellowstone River Station
3 (Livingston), January 13, 1975, sampled by Hester-

Dendy.
Taxa Number

Ephemeroptera

Ephemerella 48

Baetis 4

Rhithrogerna 1
Trichoptera

Arctopsyche H

Hydropsyche 157

Brachycentrus 4

Chewnatopsyche 8

Hydroptila i

Genus A 15

Athripsodes 1
Plecoptera

Tsogenus 3
Diptera

Orthocladius 271

Cardiodadius 173
Hydracarina 2




Appendix C . Bottom Fauna Analyses, Yeilowstone River Station
2 (Mallard's Rest), January 13, 1975, sampled by

Kick.
Taxa Number
Ephemeroptera
Ephemerella 28
Baetis 2
Rhithrogena 6
Trichoptera
Athripsodes 2
Mierasema 4
Genug A 7
Hydropsyche 30
Argtopsyche 1
Cheumatopsyche 4
Hydroptila 80
tlossosoma 3
Lepidostoma 34
Plecoptera
Isoperla 2
Alloperia 1
Diptera
Dicmesa 15
Ablabesmyia 1
Unknown A 1
Microtendipes 40
Unknown B 5
Orthocladius 10
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Appendix C . Bottom Fauna Analyses, Yeilowstone River Station
19 {Sidney), December 17, 1974, sampled by Hester-

Dendy.
Taxa Number

Ephemeroptera

Heptagenia 16

Bactis 2

Rhithrogena i
Trichoptera

Hydropsyche 27

Cheunctopsyche z
Plecoptera

lsogenus 5
Diptera

S ldum i

Orthocladius 17

Ablabesmyia 2




Appendix € . Bottom Fauna Analyses, Yellowstone River Station
18 (Intake), December 17, 1974, sampled by Hester-

Dendy.
Taxa Number

Ephemeroptera

Heptagenia 29

Ephemerella 1

Baetis 5

Leptophlebia 1

Stenonema 1

Ehithrogena 1
Trichoptera

Hydropsyche 2

Cheumatopsy che Z
Piecoptera

Brachyptera g

Isoperla 3
Diptera

Stmul um 63

Orthocladiug 13

Brillia 2

Clinotanypus 1

Ablabesmyia 7
071igochaeta 17
Moliusca

Ferrissid 1




Appendix £ . Bottom Fauna Analyses, Yellowstone River Station
4 {below Livingston), December 16, 1974, sampled by

Hester-Dendy.
Taxa Number

Ephemeroptara

Ephemerel la 227

Rl throgena 8

Baetis 65

Ameletus 2
Trichoptera

Hydropsyche 30

Lepidostona &
Plecoptera

Tsogenus 18

Isoperia 65

Alloperia 14
Diptera

DMamesa 10

Ovthoaladius 13

Cardiocladius 5G

=
ot}



Appendix C . Bottom Fauna Analyses, Yellowstone River Station
3 {above Livingston), December 16, 1974, sampled by
Hester-Dendy.

Taxa Number

Ephemeroptera

Ephemearella 167

Rhi throgena b4

Baetis 467

Leptophlebia i
Trichoptera

Hydropsyche 3

Hydroptila 1
Piecoptera

Isogenus 5

lsoparla 9

Alloperla g

Capnia 2
Diptera

St lium 13

Orthocladius 920

Cardioelading 160

Diamesa 200

Podonominae 10
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Appendix  C. Bottom Fauna Analyses, Yellowstone River Station
2 (Mallard's Rest), December 16, 1974, sampled by

Hester-Dendy.
Taxa Number

Ephemeroptera

Ephemerella 726

Fhithrogena 175

Baetis G5
Plecoptera

Tsogenus 7

Isoparia 222

Altoperia 58

Capwia 5
Trichoptera

Iydvopeyons 38

Fhijacophila H

Mycroptila iz

Brachycentrus i

Lepildostoma 4

Gevius A G
Jiptera

Simmal Lum 12

Dicuneg s 140

trthoeladius 30

Metrioonems i

Cardiocladius 120




Appendix C . Bottom Fauna Analyses, Yellowstone River Station
1 (Corwin Springs), December 16, 1974, sampled by
Hester-Dendy.

Taxa Number
Cphemeroptera
Baetis 223
bphemerella 20
Ameletus 6
Rhithrogena 34
Brachycercus 1

Trichoptera

Hydropsyche 1
Plecoptera
Capnia 13
Isoperla il
Alloperla 1
Nemoura 3
Diptera
Sinmgliven 1
Diamesa 347
Ovihocladius il
Cardiocladius 24
Rheotany tarsus 12

A-31



Appendix € . Bottom Fauna Apalyses, Yellowstone River Station
1F (Glendive), September 3, 1974, sampied by Kick.

Taxa Humber

Ephemeroptera

Praverel i 37

Heptagenia 1

Dactylobaeiis 5

Centropti Lum Z

Baetis 43
Diptera

St livm 14

Chironomidae 1

A-32



Appendix € . Bottom Fauna Analyses, Yellowstone River Station
(] 20 (Cartwright, North Dakota), September 11, 1974,
sampled by Kick.

Taxa Number

Ephemeroptera

Brachycercus 1

Ametropus 1

Dactylobaetis 8

Ephoron albun 3

Rhithrogena 18

Traverella il

Choro terpes 7

Baetis 20

Tsonychia 1
Trichoptera

Hydropsyche .9
Hemiptera

Corixidae 3
[iptera

Chironomidae 3

Simuliwn 4
Oligochaeta 1
Gdonata

Gomphus 2
Coleoptera

Gyraulus 1
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Appendix T . Bottom Fauna Analyses, Yellowstone River Station
1F-6 (Glendive}, September 25, 1974, sampied by

Hester-[lendy.
Taxa Number

Trichootera

Cheumatopsyche 11

Hydropsyche 65
Plecoptera

Tsogenus Z

Tgoperla 9

Brachyptera 4
Ephemeropiera

Rhithrogena 20

Heptagenia 6

Ephemeralla 1

Tricorythodes minutus 1
Diptera

Chironomidae 52

Simulium &
Oligochaeta z
Colecptera 1




Appendix € . Bottom Fauna Analyses, Yellowstone River Station
iF-5 {Glendive}, September 25, 1974, sampled by
Hester-Dendy.

Taxa Number

Trichoptera

Chewnatopsyche 15

Hydropsyche 27
Plecoptera

Tsoperla 3

Brachyptera 1
Ephemeroptera

RAaithrogena 3

Baetis 14

Heptagenia 13
Diptera

Chironomidae 34

Simulium 16
Oligochaeta 3

]
1

Lo

[



Appendix €. Bottom Fauna Analyses, Yellowstone River Station
1F-4 (Glendive), September 25, 1974, sampled by
Hester-Dendy.

Taxa Number
Trichoptera
Hydropsyche 55

Plecoptera

Isoperia z

Brachyptera 5
Ephemeroptera

Ehithrogena Va

Bagtis 11

Heptagenia 10

Traverella 1

Tricorythodes 1
Diptera

Chironomicae 7

Stmulivm 2




Appendix C . Bottom Fauna Analyses, Yellowstone River Station
iF-3 (Glendive}, September 25, 1974, sampled by
Hester Dendy.

Taxa Number

Trichoptera

Cheunatopsyche 3

Hydropsyche 35
Plecoptera

Isoperla 28
Ephemeroptera

Baetie 27

Heptagenia 27

Dactylobaetis 2

Traverella 1

Ephemerella 1
Diptera

Chironomidae 6

Stmuliwm 24
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Appendix L. Bottom Fauna Analyses, Yellowstone River Station
1F-2 (Glendive), September 25, 1974, sampled by

Hester-Dendy.
Taxa Number

Trichoptera

Chewnatopsyche 20

Hydropsyche 19
Plecoptera

Tsoperia 6
Ephemeroptera

Bagiis 32

deptagenia 7

Traverella i
Diptera

Chironomidae Z

S lium 10
Uiigochaeta 1
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Appendix C . Bottom Fauna Analyses, Yellowstone River Station
1F-1 {Glendive), September 25, 1974, sampled by
Hester-Dendy.

Taxa iumber

Trichoptera

Cheumatopsyche i3

Hydropsyche 18
Plecoptera

Isoperia 11
Ephemeropiera

Baetis 38

Hep tagenia 5
Diptera

Dactylobaetis 4

Chironomidae 5

A-39



Appendix D. Bottom Fauna Analyses, Yeilowstone River at Miles ity November
16, 1975, .

Number in Waters'® Sampler

Organism i 2 3 4 5 &
Epnemeroptera )
Boetis two-taill 2z 2 z 5 Z 5
Ephemerella 1 3 Z 4
Tricorythodes i
e 211 2 1
Fiecoptera
lsoparla 1
Brachyptera i H 4
Trichooters
Hydropayche i5 20 4 40 2 17
Chewnatopsyche 4
Brachycentrus 1
Diptera
Chironomidae 59 45 23 47 3z 29
Hewatoma i
Colenptera
Mioroeylloepus 1 1
{0ligochaeta 3 3 g / 4
Total Number = 94 73 33 103 45 63 X = 70
Total Number/mé = 1016 789 357 1178 486 681 X = 751
g = 311
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Appendix D, Bottom Fauna Analyses, Yellowstone River at Glendive
November 10, 1975

Number in Waters' Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
Choroterpes 1 1
Heptagenia 1 4 10
Baetis two-tail 2 5 3 1 6
Tricorythodes 1 1 1
Ephemerella 1 1
Dactylobaetis 1
Brachycercus 1
Ameletus 1
Plecoptera
Isogenus 1
Isoperila 1
Trichoptera
Hydropsyche 1 33 2 2 78
Cheumatopsyche 1 12 7
Diptera
Chironomidae 36 39 32 50 73 41
Ceratopogonidae 1
Simulium 1
0Oligochaeta 14 16 16 15 7 43
Total Number = 55 58 106 72 85 188
Total Number/m2 = 594 627 1146 778 919 1924

>

i

><|

92
998
497
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Appendix D. Bottom Fauna Analyses, Yellowstone River at Miles City
September 8, 1975,

Number in Waters' Sampler

Organism 1 2 3 4 5 6 -
Ephemeroptera
Traverella 24 3 16 ) 1 &
Tricorythodes minutus 2 10 5 5 12
Baetis two-tail 44 52 38 49 18 18
Dactylobaetis 1 3 5 4 5 1
RBaetis three~tail 16 10 10 17 1 &
Hepbagenia i 1 4
Ephoron 4 i Y
Rhithrogena 1 2 3 1 1
Tricorythodes SP.X 2 1 1
Choroterpes 2
Trichoptera
Hydropsyche 87 75 130 81 80 57
Cheumatopsyche 3 10 7 3
Diptera
Simuliidae 13 Z i 3 6
Chironomidae 12 25 31 15 g 40
Coleoptera
Mooy Lloepus 1 1
Plecoptera
Tsoperla i
Total Number = 204 187 252 193 125 147 X = 184.7
Total Mumber/mZ = 2205 2021 2724 2086 1351 1589 X = 1996.0
g = 482.5
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Appendix D,
September 9, 1975.

Bottom Fauna Analyses, Yellowstone River at Intake

Number in Waters' Sampler

Organism 1 2 3 4 5 6

Ephemeroptera

Traperella 7 6 1 4

Tricorythodes minutus 1 1 1 1

Ve bescperia 1 2 2

Baetis three-tail i 3 1

Baetis two-tail 1

Doty lobaetis 1 3
Trichoptera

Hydropsyche 8 17 4 14 13
Diptera

Chironomidae 2

Simuliidae 1
Plecoptera

Tsoperia 2

Total Number = 18 30 3 17 4 21

Total Number/mé¢ = 195 324 86 184 43 227

><|

H]

16.3
176.5
100.7
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Appendix D. Bottom Fauna Anaiyses, Yellowstone River at Sidney
September 9, 1975,

Number in Waters' Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
brachycercus 2 2
iricorythodes minutus 3 1 1
b rore albus 1 1 1
Ephemerella 1
Hopteponta 1 1 5
Choroterpes _ i
Trichoptera
Hydropsyche 4 5 7 7 1 10
Odonata
Gomphus 1
(1igochaeta 3
Diptera
Chironomidae 2 5 V4 5
Total Number = 9 17 9 12 2 24 X = 12,2
Total Number/mé = 97 184 97 130 2l 259 X = 131.3
o= 82.0
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Appendix U,

August 5, 1975.

Bottom Fauna Analyses, Yellowstone River at Miles City

Number in Waters' Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
Iraverella 2 3 5 7 7 38
Iricorythodes minutus b 4 6 3 5 9
ie) Eegenia 1 1 6
Fphemerella 1 34
Dactylobaetis 1
Rhithrogena 2 2 2 3
Baetis three-tail 1 6
Teonyehia i 6
Baetis two-tail 1 2
2 2 1
Trichoptera
Hydropsyche 1 3 i3 6 16 57
foprtoesliia 1
Lrechycentrus 1
Plecoptera
Tsogenus P
Tsoperia 6
Aeroneurid 1
Diptera
Chironomidae 2 1 1 2 1
Simuliidae 2 6 i 7 8
Tipula sp 1
Coleoptera
Stenelmis 2
Microcylloepus 8
Total Number = 13 21 34 24 105 126
Total Number/mz = 141 227 367 259 1135 1362

>

#

54
581.8
526.4
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Appendix D, Bottom Fauna Analyses, Yellowstone River at Glendive
August 7, 1975.

Number in Waters' Sampier

Organism 1 2 3 4 5 6

Ephemeroptera

Praoerella 22 4 16 5 3 3

Tricorythodes minutus 2 3 Fd 3 1 1

Moo bie three-tail 2 1 3 2

Brachycercus 1 1

x'l,’;‘.'.:l.” e f,:f&li’f?.'f:(l 1 1

Ephemerella 5 I

Baetis two-tail 1 1

Dacstyplobae g 1 1 1 4

Tsonychia 1
Trichoptera

Hydropsyche 24 6 19 6 26 10
Diptera

Chironomidae 2 1

Total Number = 51 23 39 15 41 18

Total Number/m? = 551 249 422 162 443 195

= >

H

31
337
156.7
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Appendix D. Bottom Fauna Analyses, Yellowstone River at Intake

August 7, 1975,

Number in Waters' Sampler

Organism 1 2 3 4 5 6

phemeroptera

Traverelila 7 10 i7 15 16 18

Tricorythodes minutus 2 2 1

Dactylebaetis 2 6 i 3

fiep bagenia 1 1

fverehyceros 1

FEhithrogena 1 1

Baetis two-tail 2 3 1

Baetis three-tail : 4 2 4
Trichoptera

fydropsyche 10 3 4 ) 8 22
Piecoptera

Tsoperla 1
01igochaeta 1

Total Number = 22 24 27 28 29 46

Total Number/m? = 238 259 292 303 313 497

>

H3

n

29
317
92.6
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Appendix D. Bottom Fauna Analyses, Yellowstone River at Sidney
August 7, 1975,

Number in Waters' Sampier

Organism 1 2 3 4 5 6
Ephemeroptera
Traverella i1 11 16 5 4
Brachyjcercus 4 6 2 3 2 3
Pricorythodes minutus 5 4 g i 7 3
Baetis three-taii 1 1
Hepbageniu 1 2
Tsonychia 2
Trichoptera
Hydropsyche 7 8 5 5
Leprtocallo 1 1
Diptera
Simuiiidae 1
Chironomidae 3 1 2
Total Number = 28 34 34 10 22 9 X = 23
Total Number/m2 = 303 367 367 108 238 97 X = 247
g = 121.5
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Appendix D. Bottom Fauna Analyses, Yellowstone River at Miles City
October 8, 1975.

Numbers in Waters® Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
Heplcgrnta 4 8 4 8 27 1
Praverella 1 1 1
Ephemerella 1 3 1
Tricorythodes minutus 1
Baetis two-tail 21 8 40 13 12 12
Baetis three-tail 1 4 2 3
Choroterpes 1 1
Dactylobaetls 2 2 3 2 2
Fhithrogena 1
Plecoptera
Tsoperia 1
Tricheptera
Hydropsyche 31 38 78 28 ) 34
Brachyecentrus 1 1
Diptera
Chironomidae 13 46 5 24 14 19
Empididae 2 1 1
Simuliidae 3
01igochaeta 2 2 4
Odonata
Gomplig 1
Total Number = 77 110 134 81 70 74 X= 91
Total Number/mz = 832 1189 1448 875 757 780 X = 980
o= 277.62
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Appendix D. Bottom Fauna Analyses, Yellowstone River at Glendive
Qctober 9, 1976,

Number in Waters' Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
Heptagenia 3 3 1 4 1 1
Pyiesary Lthodes minutus 2 2 2 1
frecbiyplobaetis 2 2 4
Baetis two-tail i5 8 7 2 1
saetis three-tail Va 4 2 1
Tricorythodes sp.x 1
Traverella 1
Trichoptera
Hycdropeyche 74 6 38 46 15 5
0ligochaeta 8 11 22 5 12 19
Diptera
Chironomidae 4 22 11 7 3 3
Total Number = 116 45 8 75 36 30 X = 65
Total Number/mZ = 1254 486 929 811 389 324 X = 698.8
o = 362.09




Appendix D.

October 9, 1976.

Bottom Fauna Analyses, Yellowstone River at Intake

Number in Waters' Sampler

Organism 1 2 3 4 5 6

Ephemeroptera

Traverella 1

Heprbesgpeviter 25 2 8 z g 27

Tricorythodes minutus b 1 1 4

Stenonema 1

Baetis two-tail 9 1 Ve

Baetis three-tail 1 1

Brachycercus 1

Daetylobaetis 2 1

Choroterpes 1
Trichoptera

Hydropsyche 45 9 10 3 5 7
Diptera

Chironomidae 29 3 15 26 i1 45
{Oligochaeta 38 & 30 5 4 48
Coleoptera

Microcylloepus 1

Total Number = 156 23 64 38 32 128

Total Number/mé = 1686 249 692 411 346 1383

> >

it

74
794,5
599,56




Appendix D. Bottom Fauna Analyses, Yellowstone River at Sidney
October 9, 1975.

Number in Waters' Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
Daetylobaetis 4 2 3 10 11 6
fleprbagenta 1 7 3 14 4
Baetis three-taii 1 1 2 1 fd 2
Baetis two-tail 1 3 i 2
Tyleorythodes minubus P 1
Traverella 1 1
Trichoptera
Aydropsyche 16 11 28 17 84 19
Cheumatopsyche 4
Diptera
Chironomidae 7 i3 21 25 24 16
Ceratopogonidae 1 i
0ligochaeta 2 65 5 8 2 1
Coleoptera
Ibiraphia 1
Microcylloepus 1
Total Number = 32 33 68 67 148 52 X = 67
Total Number/m? = 346 357 735 724 1600 562 X = 720.6
g = 462,87
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Appendix D. Bottom Fauna Analyses, Yellowstone River at Livingston
November 7, 1975,

Number in Waters' Sampler

Organism 1 4 3 4

Ephemeroptera

Ephemerella inermis 83 77 53 221

Ephemerella doddst H 2

Ephemerella grandis 9 2 4 24

Raetis three-tail 1 2

Ameletus s

Rhithrogena 18 15 61 60
irichoptera

Hydropsyche 96 125 9% 421

Chewnatopsyche 7 15 8 30

Arctopsyche 2 1 7

Psychomyia 3 1 3 2

{Jilonsosoma 1 14

Hydroptila 30 7 5

Brachycentrus 28 11 4 42

Lepidostoma 74 5 14 37

Athripsodes 1 1 1
Plecoptera

Alloperla 6 6 5 13

Tsogenus 2 1 i

Acroneuria Z

Pterovarcys 3
Diptera

Chironomidae 201 212 157 113

Atheriz 10 11 29

eatom 1

Simulium 1
Gligochaeta 2

Total Number = 565 474 431 1026

Total Number/m2 = 6107

5123 4658 11089

>

#

><

1

624
6744
2958
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Appendix D . Bottom Fauna Analyses, Yellowstone River at Corwin Springs
Movember 7, 1975. .

Number in Waters® Sampler

Organism 1 2 3 4 5 6
Epnemeroptera
FEphemeralla inermis 83 48 59 91
Ephemerella doddsi 1 1 Z
Baetis 2 5 fa
Ephemerella grandis 2 2
Ameletus 1
Bhithrogena 16 21 24
Plecoptera
Pteronarcys 8 1 4 4
Aeroneuria 2 2 G
Tsogerus 1
Alloperla 1 2
Trichoptera
Hydropsyche 190 30 125 653
Psyehomyia 35 56 75 10
Glossogoma 4 2 20 48
Aretopsyche 2 5 4
Hydroptila 49 133 47 21
Lepidostoma 4
Chewnatopsyche 30
Diptera
Chironomidae 112 91 118 186
Atherix b 2 1 1
Hexatoma 2 1
Simulium 1
Coleoptera
Culicaervus 3
Acari-Hydracarina 2 7 3
01igochaeta 2
Total Number = 500 393 492 1090 X = 619
Total Number/m2 = 5404 4248 5318 11781 X = 6688
o = 3435




Appendix D . Botton Fauna Analyses, Yellowstone River at Intake,
November 11, 1975.

Number in Waters' Sampler

Crganism 1 2 3 4 5 6
Ephemeroptera
Tricorythodes 1 1 1
Baetis 6 4 1 3 6
Heprbagenia 4 1 3 i2 i
Zphemerella 2 1
Dactylobaetis 1
Piecoptera
Brachyptera 3 i 1
Tsoperla 2 1 1 2
Trichoptera
Hydropsyche 21 39 iz
Diptera
Chironomidae 1 13 20 23 & 24
Simuliuwm 1
01igochaeta 2 3 7 5 1 8
Total Number = 38 67 31 46 8 55 X = 41
Total Number/m = 411 724 335 497 86 594 X = 441
o= 221




Appendix D. Bottom Fauna Analyses, Yeilowstone River at Sidney
November 11, 1975,

Number in Waters' Sampler

Organism 1 2 3 4 5 6
Ephemeroptera
Bactis 5 3 4 2
Hoptagenia b 1
Plecoptera _
Brachyptera 2 2 1
Trichoptera
Hudropsyehe 11 4 17 4 17
Diptera
Chironomidae i67 43 80 i7 37 24
Ceratopogonidae 1 1
Oligochaeta 5 3 10 3 14 7
Total Number = 173 71 97 a4 55 51 X = 82
Total Number/mZ = 1870 767 1048 476 594 551 X = 884
g = h24

A-56



Appendix D .

Bottom Fauna Analyses, Yellowstone River at Glendive
September 9, 1975,

Number in Waters® Sampier

Grganism 1 2 3 4 5 &

Ephemeroptera

Tricorythodes minwius 1 1 2

Baetis two-tail 4 1 1 1

Dactylobaetis 2 1

Traversiia 1 / g 24

Tricorythodes SP.X 1

Heptagenia 2 4 2

Brachycercus 1

Baetis three-tail 1
Trichoptera

Hydropsyche 8 4 9 20 38 35
Diptera

Chironomidae 4 1 14 5 5 3
01igochaeta 1 1 1 4

Total Number = 17 7 27 36 61 71

Total Number/mé = 184 76 292 389 659 767

=<

i

i

i

36.5
394.5
270.2
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MONTANA CEPARTHEMT CF FISH ANDC GANE
RET 22001 SRPECICS DIVERSLTY ANALYSIS
MARCH 17.197%
STATICKh: 17-1 llester-Dendy
MUMBEH OF SANBLESD i
SAMPLING PERICGDST SEPT. 254 1674
FERCENT
RANK ASUNDANCE CF TUTAL
H 3E 40 e%
z 18 19l
3 13 1228
4 13 117
8 g 503
£ 5 B3
7 & dig 2
TCTF AL G4 106.0
OIVERSITY = 2e3%
MAX IMUM CIVERSITY (1} = & e85
MAKIHMLM ODIVERSITY {23 = _ 274
MINIMUM DIVERSITY = Cad2
RECUNDANCY = GelS
E VENMESS = C=85
EQUITABIL ITY = Co J€
SFECIES RICHNESS = Zel2



v

MONTARA DEFARTMENT OF FISKE ANE CAMO

WY L2 D0ed SPECIES DIVERSITY AMALYSIS

MARCH 17+187%

STATICA: j7-2 Hester-Dendy
NUMBER OF SaMpLes: H

SANPLING PERICUS BEFET 2% ¢ 1974

PERCENT

RANK ABUNDANCE CF TIQOT AL
1 3 3Ze7
2 20 20 w4
3 i€ 1%a.4
& G 108
% 7 7ol
€ & Cul
7 2 20
& i led
T 1 1.0

TOT AL E°x=] IC0«0

DIVERSITY = Zabf

MAXEMUM DIVERSITY {1} = €6l

MAX IMUM D IVERDITY {2) = Fa2Z

MIMNIMUM ODIVERSITY = Ca5S4

REDUNDANC Y = Ce 25

EVERNESS = Ge81

EQUITAMILITY = D359

SPECIES R ICHNESS = e 17




MONTANA DUPARTMIENY OF FLEM AND GAME

HET 22001 SPECIES LIVERSITY AMALYSIS

. MARCH L7+1587%

STATIONT 173 Hester-lUendy
NUFBER OF SANPLESD

SARPLIMNG PERIGLCS SEPT « 22 1974

PERCENT
RANR ABURNDAMCE OF TOYAL
i KES 22e 7
2 28 182
4 27 1748
4 27 17 %
5 24 196
& & St
7 3 e @
&8 b a3
& i Jab
10 H Laé
TOTAL 154 IT0 40
DIveRSITY = fa?Q
MAXTMUM DIVERSITY (1} = T 7
MAX IMUM O IVERSITY (2} = le 2
MINIMUM DIVERSITY = Jate 2
REDUNDANC Y = G219
EVENNESS = CeE1
EQUITABILITY = Qed7
SPECLES R JORNESS = Ze33
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MONTANA DEPARIMENT {F Fltr AND GaME

HEPET #2001l SPHECIES DIVERSITY ANALYSIS

MARCH (741975

STATION: 17-4
MUMEER OF SANPLESS i Hester.,[]endv

SAMPL ING PERIGOD: BEPT. 2%: 1%74

FERCENT
RANK ABUNDANLE OF  T0TAaL
1 sE 5743
e ii 1te¢
3 10 1Ces
% 7 7e3
- & el
& 2 2al
7 Z 2el
& 3 291
£ i ief2
16 i 10
FCT AL 1 1340
LIVERSITY = 2o 3 4
MAX TMUNM DIVERSITY (13 = Gand
MARIMUM GIVERSITY (23 = 3 a2 7
MIN IMUM D IVERSEITY = Qe £l
REDULNDANCY = el
EVIINNESS = Cabh
ECQUEITAELL ITY = Colld
SPFELIES RICHKESS = Pt 2
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MONTANA DEFPAHTMORY CF FISK AMND GaNe

#200s 1 SPECIE S DIVERSIIY AMALYSLS

MakiH 17+1%75

SYATICHAS 17-L
NUMBEHR OF SaMPLISS i

SAMPL ING PERIGD: SEFPT. 25 1974

= ANK ARLNDANCE

i 34

¥ 27

3 16

4 iz

& i

€2 i3

7 3

& 3

] 3

i0 1
TLT AL 125
DiIverSITY =

MEX IMUM DIVERSITY (11} =
MAXIMLM DIVERSITY {2} =
MIN UM O IVERSITY =
REDUNDANCY =
ENVENRNKNESS =
EQUITAEEL ITY =
SPECIES HICHNESS =

A-63
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e B3
701
Ju37
Co 4%
019
DeGE
£k
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BERCENT
CF TCTaL
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MLUNT ANA DEPARTREAT (F FiSk AND GaME

HiPT 2¢GCe1 SHPECIE S DIVERELTY ANALYSIS

FARCEH (7,.1975

STATIONT 17-&
NUMBER OF SAMPLESS i Hester-Dendy

SAMPLING PERIJD: SEPTe 25+ 1974

RFeRCENT
RANK ABUNDANCE LF TOTAL
i BHE; JE a5
P L 2Ge2
3 20 1i.2
4 i G el
& S Se1
& & Jek
7 & Lol
& 4 He 2
2 e el
1G 2 1.1
il 1 Ce s
i2 i Qa8
13 1 Oab
TOT AL 178 1800.0
CIVERSIYY = 253
MAX IMUM DIVERSITY {1} = T ek &
MAXIMUM L IVERSITY (2} = 3 a9
MINIMUM DIVERSITY = {50
REDUNDANCY = Dalb
EVENNESS = Ced %
EQU ITABIL ITY = w24
SFECIES RICHNESS = 2021
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WONT ANA CEPARTMERNY OF

FiISk ANLD GAMFE

REPT 220Ga» 1 SPECIES DIVERZITY ARALYZ[S

MARCH 17.3197%

STAVIONE 26

NUMBER GF SAMPLES: 1 Kick

SAFCELEN PLREIGDZ SEFTe ils 1974

RANK ABUNTANCE
i 29
2 18
3 ii
4 G
5 #
& 7
7 4
# 3
G ks
i 3
1i 2
12 i
13 H
i% i
1S 1
16 1

TOTAL $3

DIVERSIYY =
MAX IMUM DIVERSITY (13 =
MAX IMUNM O IVERSITY (2} =
WINIMLM LIVERSITY =
REDUNDANCY =
EVE PRESS

EQUITABILITY =
SPELIES RICHNESS =

£t

A-65

ZepiE
[
I8
1004
Caci
Cab4
Te®i
2+ 84

PERCENT
CF TOTAL

£21e %
iils&
Ga?
Ead
7o B
L
dal
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Ied
2ed
Iel
el
ial
I ¢
ied
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MONTANA OERPARTMEANT CF FLEH AND Gawne
RET 2200wl SRECIES UDIVERSITY ANALYSIS

MARCH 1741975

STATIUNS 17
MUMERR DF SAMPLESS i Kick

SAMPLING PERIODZ ZERPTe 3. 1574

FERCENT
HANK ABUNDANCE OF TOTAL
i 43 417
2 37 ZE. &
3 is 136
4 £ a9
> 2 1e%
o i 10
7 E i0
TLT AL 183 {1000
CIVERSITY = 12 GO
MAX {MUN DIVERSITY (1) = € L&
MAXIMUM DIVERSITY (£} = Eebe
MINIMUM CIVERSITY = Cals
REDUNDAKNCY = Jeie
EVENNESS = Cetcd
ECUITABIL ITY = GelE
SEFECIDE RICHNESS = 1 eb2
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1 ATLUE

B Yeliowstone River

BUBBER Or SARFLES: (lus Hester-Dendy

SABYLING

PERIOL: DEC. Y6, 147

RaRK ADUNDBRNCE

i 347

2 223

3 38

4 24

5 20

6 13

7 12

8 1

Y 11

0 6

13 3

12 1

13 1

14 1

15 i
TOTAL 708
DIVERSITY =
GRXIMUM DIVEESITY (1} =
BAXIMUNM DIVERSITY (2) =
SINIBUM BIVEESLTV =
FECUNDANCY =
TYSRNLSS =
EQUITABILITY =

SPECIES RICHNESEZ
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BOLTARA DLIARIVERT OF ri5d AND GRAY

WPT ZeUdal SPFCILS LAVIROGITY ANALISLS

FESHURRY T4 1975

STATIOH: 2 Yellowstone River
NUHLEZE GPF SAMFLES: 0Cu4 lester-Dendy

SAM¥PLIWG PLLIGD: LEC. 16, 1974

FERCERY
RANK AnUNuARCE OF TOThH
1 T26 $3.6
2 FYY 13.3
3 375 0.5
g o S
5 Py 7.7
L 55 5.7
7 Bh .5
B 39 Z.3
] Jy 1.4
1 1 AN
T 1e Gu7
1< (18} 0.6
3 g 0.5
R 1] 7 (N
15 5 U.3
16 & 0.2
17 % 0.1
11! 3 .1
TOTAL 1665 10G.0
RIVERSITY = a4
BAZINU® DIVERSITY (1) = . il
BAXIRkUR DIVERSITY {2 = .16
BInIwus LIVEHRS LY = .11
EEDURLAKCY = Q.35
EVEENESS = U D
BOUITABILITY = LEIEL )
SEECIESs RICHERLS = 2ol
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Bol oe2litld

STATIUN:

HEOHDER OF

SRRPLING FERIUD: wEC. 16, 1974
¥

KAWH ALUHDARLE O F

3 420

£ 457

3 204

4 367

5 100

o &i

7 33

o 1G

G ]

3¢ G

ik 5

1e 3

13 2

14 1

15 3
TOTAL 1973
DIVERSLTY = £o Ll
BAYXIADE DIVLRSITY (1) = $0.%50
HMAXIRUH DIVERSITY (2} = 3.k
BIBIWBUE DIVERSITY = (o (te
REDUKDARCY = o d
EYEHNESS = .57
EQUITABILITY = Vel
SPECIES BICHKLSS = Zabtid

ORT AdA DLFPARTHENT OF Flii Al

=3

LERLCIES VLIVERSITY AWBLILIZ

FEBRUARY T4 TS7%L

5 Yellowstone River

SARILES:  GUU4 Hester-Dendv
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LOKTANE DEFPARIZENT OF ¥153 A5D GAHE

L2304 1 SPECLES DIVERSITY AWALYSLIS

FEBRUARY 4 1970

STATIGH: & Yellowstone River
RUMBER o SANMPLES: 0004 Hester-Dendy

SA¥PLLisG PERIGL:  LZ2C. 15, 1974

PERCENT
KAHA _ APUNDANCE OF TOYE.
1 e 6.3
4 1%G 0.8
3 65 1G4
i &5 TG4
S 59 8.0
& 34 4.5
7 iG 2.9
8 14 ded
Y 146 1.6
10 5 1.3
11 6 LIS
12 < Ued
TOT AL bk 160 .0
DIVERSITY = P
BAXIMUX DIVERSITY (1) = Yalb
RRXINUE DIVERSITY {2y = KT
QINIHUE DIVERSITY = Gole
RELUNDAaCY @ U ow sk
EYERNESS = G.76
FOUITARLILITY S a2y
SPECLEE WICHNESSL = 2.3
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LORTABE DEPLRIBERT OF FISH AWD GAHRE
Rt £200.1 SPECIES DIVEREBITY ARaL¥LIS

PEBRUARY 14 1975

STRATION: 6 VYellowstone River
NOMBER OF SAREPLES: 0004 lester-Dendy

SAMPLING PEEICD: DEC. 36, 1974

PEKCENT
KANK ABUNDANCE . OF TOTHL
1 227 36.3
2 130 20.8
3 65 0.4
4 65 104
5 506 8.0
6 30 4.8
7 18 2.9
8 14 Ze2
Y 10 Teb
16 8 1.3
ik 6 1.0
12 y; 6.3
TOTAL 625 100.0
DIVERSITY = 2.F2
MAXiMDE DIVERSITY (1) = G.29
BAXIRUN DIVERSITY (2) = 3.52
AINIMUE DIVEKRSIYTY = G.16
RELUNDARCY = Uoxb
EVENNESS = 0.76
EQUITABILITY = 0.29
SPECIRS RICENESS = 2a83
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MOBTARA DEFARIRENT OF FISH ARL GAKE

E¥T 2200.1 SPECIES DIVERSITY ANALISIS

FEBKUARY 14 1975

STATION: 3 Yellowstone River
NUMSER OF SANPLES: 0004 Hester-Dendy

SAMPLING PEEKIOD: DEC. 16, 1974

PERCERY
RAHE AEUNDARCE OF TOTAL
L] 920 46.7
2 467 23.7
3 200 10.1
g 67 8.5
5 1W0o 5.3
6 64 3.2
7 i3 0.7
8 10 0.5
g 9 0.5
10 g 0.5
11 5 6.3
12 3 0.2
i3 2 Out
F 1] 1 0.1
15 1 01
TOT AL 1971 100.0
DIVERSITY = Py
HAZINUE DIVERSITY (1) = 1094
HAXIMUM DIVERSITY (2) = 3.8Y
BINIBUN DIVERSITY = G .08
REDUNDANCY = .43
EVERNESS = 0.57
EQUITABILITY = G w2l
SPECYTES EKIiCERESS = 2.03
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MORTANE DEPARTHERT GF FPISH aHD GAEE
BET 240041 SPECIES LIVERSITY ARALYSIS

FPEBRUAKRY & 1975

STRTION: 2 Yellowstone River

BOHBER OF SAKFLES: 00604 Hester-Dendy

SABPLING PERIOD: DEC. 116, 1974

PERCEHNT
RAKK ABUNDANCE OF TOTAL
1 726 43.6
2 222 13.3
3 175 10.5
4 140 8.4
5 120 7.z
6 85 5.7
7 58 3.5
8 38 2.3
g 30 1.8
1 ¥ G.7
11 12 0.7
12 15 0.6
13 9 0.5
15 7 0.0
15 5 0.3
16 g 0.2
V7 1 G.1
16 1 0.1
FOTAL 1665 100.0
DIVERSITY = 2,75
KAXIMUM DIVERSITY (1) = 16.76
HRAXIKUB DIVERSITY (23 = 8,16
BININOA DIVERSITY = G.11
HEDUNDABCY = 6.35
EVENNESS = 066
EQUITABILITY = G.26
SPECIES RICHKESS = 7. 48
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#ORTANL DEPARTHENT OGF FISHE ARD GAME

RPT 22G0.1 SPECIES DIVEREITY ANALYSIS

PEBRUAKY T4 1675

STATION: 1 Yellowstone River
NUMBER OF SAMPLES: 0004 Hester-Dendy

SAKPLIKG PERIOD: DEC. 16, 1974

PEECERT
EARE ABUNDANCE OF TOTAL
L 387 59.0
P 223 31.5
3 3h 4.8
& 24 3.4
5 20 2.8
6 13 1.8
7 12 1.7
8 i1 1.6
G i1 1.6
10 6 G.8
11 3 0.4
12 1 G.1
13 1 0.1
14 1 0.1
15 i Gat
TOTAL 8 10606.0
LIVERSITY = 2.09
BEAXINMUM DIVEESITY (1} = S.47
BAXIWUK DIVEERSITFY (2} = 3.85
BINIBUM DIVEESITY = G.%
KEDUNDARCY = 0.48
EVENEESS = 0.53
EQUITABILITY = Q.22
SPECIES BICHNESS = 1.87
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HOBTANA DEPARYMENY GF PISSH AND GAME
RFET 220G.1% SFECIES DIVERSITY ANALYSIS

FEBEUAKRY 14 13975

STaTI0k: 18 Yellowstone River
NUMBER OGF SAMPLES: 0CO4 Hester~Dendy

SAMPLING PERIOD: DEC. 17, 1974

PERCENY
KAKK ' ABUNDRNCE OF TOTEL
3 63 39.5
2 25 8.4
3 17 0.8
) 13 8.2
5 S 5.7
& 7 .5
7 5 3.2
8 3 1.9
9 £ 1.3
W0 3 1.3
1 P .3
iz 1 0.6
13 L] 0.5
14 1 0.0
5 3 0.5
16 L G.6
17 ® G.b
TOTLAL i58 100.0
GiVERSITY = Za88
MAXIBUM DIVERSITY (1} = 730
BAXIMUE DIVERSITY (2) = 3.51
MIRIAUM DIVERSITY = 0.773
KELUNDARACY = 038
EVEREESS = GaGY
EQUITABILITY = 0.3%
SPECIES RICHNESS = 2285
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Skullis DIVERDITY ANALY

FLoRURRY T4 1873

Ok 15 Yellowstone River

e

A OGP SANELES: (U004 Hester-Dendy

SABPFLING PIRICD: DEC. 1¥, 1974

AR K ALUNDRAECE

3 3

z 2%

3 17

i 13

5 G

1) 7

7 o

8 3

G <

v <

11 Z

e 1

13 K}

15 1

15 1

16 i

37 i
TOUTAL 1548
DIVERSITY = Lah
BAXZIHUM DIVIRSEITY (¥ = 7o 34
#RAAIRUE DIVEREITY (&) = 3a.51
MIAIAUM DIVEASITY = Ga 73
KELURDARCY = a3k
EVLEENESE = vabls
EQUITAEBILITY = a3%
SPFECIES KICHHEELS = Lo by
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MONT ANA CERPARTMENT OF FISH AND GAME

RKPT 22Cde1 SPECIES DIVERSITY AMALYSIS

MARCH 17+167E

STATION 1
NUMBER CF SAMPLESS 1

SAMELING PERIODS JANS 13, 1W7E%

PERCENY
HARK ABUNDANCE OF TOTAL
i 342 e G
e 33 € ot
3 33 I
& 2¢ 40
5 i5 3eQ
(= 15 340
7 iz Zeh
8 il Zeed
G % Cal
10 4 Ca &
i1 2 Ued
12 & Cud
i3 1 Da 2
14 i Qad
15 1 (e
TCT AL G497 130 0
CIVERSITY s 1s88
MAXEMULM DIVERSITY (1) = £ oG5
MAX IMUM GEIVERSITY (2) = Fal 2
MINIMUM CIVERSITY = Call
REDUNDANCY = DeB5
EVENNESS = Ca b
EGUITABILITY = D21
SPRECIES RICHNESS = i1e:S
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EORTABE DLIFARTAER

FLbaUARY

STATION: Z

KURMBLE OF SaXTLIS: Kick

SAMFLING JhN. 13,

ot
e
=7
s

G0
B
44
34
£

i

b

s
w SEVINC R, SRR SN TTR N
wh o kOB B A B U O O

{2
Co
o

DIVEREITY

Baiisdl LIVERSITY
MEAIBUN DIVERSLITY
BIRINUE DIVERSITY
HKLDUNDERCY
EVERRESSH
EQUTITASLLITY
SPECILES RICHEISS

{h
(<}
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MONTANA DEPARTMENT COF

FIsSH AND GAME

RET 220041 SPECIED LDIVERSITY ANALYSIS

MARCH 1714975

STATION:T 3

NUBREZER UF SAMPLES? 4

SAMPLING PERLODR AN [ de 157E
ANK ABUNDANCE
i 271
£ 173
3 157
&4 &5
S i5
& &

7 4
& 4
G 3
16 Z
it i
12 i
i3 1
14 1
is i
TCT AL 590

DIVERSITY

Max MUM DIVERSITY (1)
MAX IMUM DIVERSITY (2}
MINIMUM CIVEREITY
HEDUNDANCY

EVEANESS

cQuivTaBiL ITY

SPECIES #JURNESS

B

1}

4}

A-80

el
Getd
.83
Celw
Ced T
Tal0
Ce2d
f13¢&

PERCENT
CF TOTAL

393
fEel
ZE+ 8
TeO
Zal
1.2
Tt
Le &
Jed
G'j
Co il
Cal
Cei
Q‘I
Uel

12¢.¢C




BMUNT AMA CEPARTMINT UF FISH ANLD GaAME

wEPT 2200a.1 SHECIES DIYERSITY ARaALYSIS

. MARLH 17.1%7%

STAT IONMS L3
MUMBER OF ZAMPLLESZ i

SANMPLINKG PERIUDI JaNe 13 197%

RPERERMUERMT
RAMHK ABUNDANCE OF TOTaL
i 1840 271
g %7 1.8
3 =20 Tei
4% 17 €s d
] 1% E ek
& & 2 e
7 £ lad
& P Ca?
% £ e
14 z L5 7
ii H Cad
12 1 Gadt
13 i Gad
TOTAL 284G 16440
DIVERSLITY = Zell
HAAIHLM OIVERSITY {i: = HB213
MAX IMiM DIVERSITY (2} = Ja ¥
MINMINUM DIVERSITY = Ca3d
REOSUNDANC Y W= Jatt?
EVEMNESS = Leld 7
ECuiITABILITY = Gaft
SPECIED RICHNESS = isAE

A-81



MOMT ANA DEPARTMENY COF FISH AND GAME

RIPT 2200e1 SPECIt S DIVERSEITY ARNALYSIE

MARCH 1721675

STATIONZ 12
NUMBER OF SAMPLEST 1

SANMFLIMNG PERICUZ JAkRe 13+ 14735

BERCENT
HANK AEBUNCANCE CF TCTaL
i 220 42al
2 100 19 af:
2 € TG
4 36 7.0
5 RS 7«0
Lo 20 2.8
7 12 2el
L] 11 2 el
G o 1«8
i0 ! 10
il 7 1:6
iz 4 Ca 8
13 & {8
14 4 Co &
i35 i CeZ
i i Da2
17 H Cad
i8& i el
TOTAL S11 10€e
DEIVERSITY = Z2atda
MAX IMUM D IVERSITY (1) = Se00
MAR IMUM DIVERSEITY (2} = 4.2
MINIMLM DIVERSETY = Qe3{
RECUNDANCY = Ca Z€
ENYENNESS = Qutf
EGUITABILITY = O30
SPECIES RICPNESS = P

A-82
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Zeaviel GesUdlan JTVLEGILY BEALYSIS
sl o by o, tedt
BTaLiUNS ]
Biabers 0OF 3axPLSS5: 1

ShablLING Poflin:  Fho. 14,1975

© PERCENT

FANE . ABUSDANCE ' X TOTAL

1154 . 42,0
YRy . L2247
176 - Del
15¢ )
107
103

Ji
53
i
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TOTAL S 2817 198,90,

DIVEKSIVY = 2. 84
saXiade LIVERSITY (1) = 1. 46
MALINUE LIVARASLIY {2) = Got2

i

MINTOYA JaVELSLITY 0. 11
REDUKvash ¥ = .62

AV Il 85 = (.53
EQDALvALILY Y = CadD A-83
SPRECLES UDICHHESS = '
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MUNTARA DEPARTMEONT OF FI5H AND AT

2l el S LI0S DIV SITY ANALYSI &

SJUNE nos 1970

STATLONS 2=pALLARD ReST
NUMBSR OF SAMPLLSZ 1

SAMPLING PERIOL S FEleld 1975

PELUIENT

FANK ARUNOANIE O TOTAL
1 273 ISR |
2 284 e
3 i41 id.
4 Wi T owed
=] 46 G a T
& 4 f g
rd G 4 oe1
H 17 1o
G i o5

1< 13 Laz
i1 & N
12 ) ey
i3 3 »5
14 & . &
is 3 PR
it 2 2
17 - .
158 1 a i

TUTAL s7T1 i..a%

SIVERSITY ’ = & aiday
MAXIMUM LIVERSITY (1) = R
MAX TMUM DIVeRSITY (2} =
MINImUY DIVELRSITY =
REDUNDANCY =
LWV ENNES S =
EQUITASILITY =
SPECIES pICHNLLSS =

A-8&
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HMONT aANMA DEFARTMENT OF FISH AND GaME
Rt 220081 SPECIES DIVERSITY ANALYSIS

OCTUBER 27+ 1975

STATION: CORwWIN SPRINGS
NUMBER OF SAMPLERS:

SAMPLING PERICDE MARCH 10, 1975

PERCENT
RANK ABUNDANCE OF TOTAL
1 389 258
2 310 2Ca6
3 294 195
& o3 ol
3 &1 4.0
& 60 4ol
7 &0 4.0
) 53 3.4
) 51 3ed
10 53 2.9
it 24 1e 6
12 20 123
13 18 Le2
14 18 1.2
15 7 a5
16 7 a5
17 % Oad
18 & i P
19 3 a2
20 3 Ce?
23 2 Oal
22 2 el
23 2 Cel
24 2 Oal
25 2 sl
28 ] P!
27 i Osl
28 i el
29 ! Cal
30 1 Osl
31 i Dei
TOT AL 1507 1900
DIVERSITY = Fe2S
MAX THMUM D IVERSITY {13 = 1056
MAX IMUM U IVERSITY (23 = A7
MINIMUM DIVERSLTY = Se2i
REDUNDAMNCY = Oa 3t A-87

CVENNESS = Cebb




HONT ApA DEPARTHMENT OF FISH AND GAME

RPT 220Gei SPECIES DIVERSITY AMALYSIS

GCTOBER 27« §575

STATIUOMNI  MALLARD REST

RUMGER OF SAMPLERS:

SANMPLING PERIOD: MAHCH 10, 1973

PERCENT
RANK ASUNDANCE OF TOTAL
1 24359 5441
z &06 13.3
3 420 , Ye2
4 209 406
5 208 4.6
6 198 4ad
7 110 Bed
3 100 2a2
9 &1 1e3
10 48 Ia1
i1 23 0a5
12 15 T
13 12 Ge3
14 14 Da2
15 1u Ce2
i6 s Ge2
17 & Ge3
18 6 J.1
i9 5 Gel
20 S Uel
£1 5 Cel
22 4 Gsl
23 3 Oul
24 3 Cal
2% 2 2u0
24 1 e O
27 1 Ce®
28 i Tad
29 i Oe®
TUT AL 4543 100,90
DIVERSITY = 2ad4
MAX 1MUM DIVERSEITY (1} = 12418
MAX IMUM DIVERSITY (2} = 6,686
MIMEIMUM DIVERSITY = Gel¥
REDUNDANCY = Ta51
EVENNESS = 0w 50 A-85
EQUITABILITY = Ue20 o

SPECIES RICHNESS

T i

Re 24
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MOMTAMA DEPARTAENT OF FISH AND GaME

RPT 22004

GCTOBER 2T« 1975
STATIONT  MALL ARKD REST
MisMpER OF SAMPLERSS
SamPLING PERIGDS MARCH 106s 1975
FANK ADUMBDANCE
i 2409
& & 06
3 20
&4 2069
5 208
H 198
7 iia
3 EGO
G L]
10 %48
il 23
12 15
i3 iz
is 11
i5 10
id G
17 &
18 &
iv 5
20 8
23 &
22 &
23 3
&% 2
] Z
24 i
27 i
28 i
23 H
TAT A 4543
DIVERSETYY Zaled
MAX ImMUM D EIVERSITY (171 = 1215
MAXK EMUM DIVERSITY {23 = 4 s G
MINIMUM SIVERSITY = Se ¥
REDUNDANCY = TJebi
EVENNESS = T D0
EGUITABILITY = Cuzl

Pk a TV B o A L E UYL S

[N

LPECIES DIVERSITY AMALYSIES

PLRCENT
OF TOTAL

Ba.}
133
Fe
G5
4 el
L P

P& & & B &

a & ¢ & & %

DO DO 000 00w RN
*

Fo gt W gl b B B AN PN G G L we L P &

o O
. &
o

Gal
Ca0
Gl
e
Lol
el

1000

A-88




MONT ANA DEPARTHMENT OF FISH AND GANE
REPT 2204sd SPECLES DIVERSITY ANALYSIS

S GLTGBER 279 19735

SYTATEOMZ §-AB0VE SHIELDS Re
MUMSER UF SAMPLERSS

SANPLING PERIGD: MAHCHM 10 1975

PERCENT
RANK APUNDANCE OF TOTAL
i i&78 % RaF
2 S240 1728
3 364 12:58
-3 232 Feov
% 192 Ha b
& B8 267
ri 20 2e?
£ &L 223
] 386 is2
10 20 D7
iz it Ga
) 1z 12 Cek
13 & Del
i4 % Gal
15 & el
i% % 4 ]
17 % Gel
i1& &% Uk
i% & Jek
TOTAL 24920 PG00
DIVERSITY = 2e D%
MAK IMUM DIVERSITY (1) = 1.5}
MAX InUM DIVERSITY {23 = b a2
HMEINIMUM DIVYERSITY = G407
REDUNDANCY = DadD
EVENNESS = bl
EQUITABILIYY = o223
SPECIES RICHNESS = Z2e 37

A-39



Michiada UoPobnldn Rt U FiLSn AND GARE

PASRVRE IS SEPLCTES LivViubITY ANALYSIS
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BOMNTAMA DEPABRTHMENT UF FISH AND SAMS

HPYT 220061 SPECIES DIVERSITY aMALYSIS

SUNE 2,

STATIUNT 1~UCRwikh SPRINGS

NUMBEH OF SAMPLEST 3 Kick

1575

SAMPLING BDRIOLS APRIL T.1975%

RAMNK ADUNDANCE
i 473
P 4223
3 344
% LT
5 FRrN
& g2
7 T
£ &5
9 44

Y G
11 33
12 28
i3 Ia
14 16
15 14
16 14
17 8
i3 &
19 &
21 © 3
22 2
23 =
=4 1
25 i
246 b
27 3
TOTAL 2L8%

DIVERS ITY

MARI MUM DIVERSITY (12
MAXIMUM DIVIRSITY {23
MINIMUM DIVIRSITY
REDUMSANCY

W ENNESS

EQUITASILITY

SPECIES RICHNESS

SPERCENT
{2F TOT AL

A
L3 &
[ |

&
i
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MOMNT ANA DEPARTMOENT OF FI8SH anD GAME

RET 220le1 SEFRCIEDS DIVERSITY ANALYS IS

SJUNE 25 1975

STAT I0ONS 12-BIGHDRN R
NUMBER OF SAMFLES: i {ick

SAMPL ING RERIGD: APRIL 1de ISTS

PLROENT

HANK ASUNDANCE UE TUT AL
i S Z3e 3
2 & ithe 2
3 & 12 e
4 = 1% 5
5 4 12 a8
& & 11 03
7 2 Y b
8 i Za7

TOTAL 27 P.ode

DIVERSLITY = Z el

ARXIMUM DIVLIRSITY (1) = LHeill

MAX IMUM DIVERSITY {(2) = Zad#

MI NTMUM DIVERSITY = PP L

REDUND ANCY = a4

EVENNESS = Can

CQUITARBILITY = . oe5 &

SPELITS RIUHNESS = 2o 2E

A-94
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MidmMmTANMSG LLCARTHSUNT OF F

SJiitE Ane IwTFO

2IATEUNT i 3~RYE ~5

NUMBIR LE 3AMPL FhT Kick

LE]

SAMPLING RPERIOL ABRIL F%s1 270

HANK ASUMDANCE

]

W
By

T

Wl

o
o Woup

o

ST CHN (AN IS I N
&

[
fon
oM by B L

Ti3T AL 3.

SIVERESITY =
MAX IMUM DIVERSITY {1 =
MAXIMUN DIVOASITY {23 =
EIpIMUY DIVORSITY =
RO ND ANCY =
o VERMNG 5D =2
CGQUITASELITY =
SPECIES RICHNESS e
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oA EM--
MONTAMNA DEPARTMENT UOF FISH AND Gawmg

RPT 220Jdael EPECIEs DIVERSITY ANALYS IS

SJUNE 2B, 1975

STATIONZ 14-FORSYTH
NUMBER OF SAMPLESZ 1 Kick

SAMPL ING PERILDE APRIL 1Es 1378

FPERCENT
RANK ABUNDANCE OBF TOTAL
i 51& DG 2
2 144% 128
3 4.4 S et
% i3 17
5 13 127
£ & 3 a3
7 5 a7
8 3 T ek
& 2 D a3
1o i wal
i1 i Sed
iz i ol
13 1 sl
FTGTAL 746 119 8l
LIVERSITY = 1445
MAXIMUK DIVEASITY {13 = G aB4
HAXIMUM DIVERSITY {2) = 3857
MINIMUM DIVERSITY = Tel®
REDUNDANCY S Loeth Z
EVENNESS = e del
EQUITASTL ITyY = Te 15
SPECIES RICHNESS = 132

A-9G
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MONT ANA DLPARTMINT OF F1SH AND GAaMI

22030s 1 SPoCIes DIVIFSITY ANALYS

JUNE 29

ST AT IONS Is-MIl.Es CITY

NUMBER OF SANMPLES: 1} Kick

1%72

SAMPL ING PERIGLS APRIL 18e 1975

RANK ABUNDANCE
i 498
2 3
3 4
& iz
= iz
& ii
7 ii
& 7
=] 7

1% =
11 4
iz %
13 el
i4 1
15 1
is i
17 i
18 i
19 i
24 i
TOT AL 74

DIVERSITY

MAXIMUM UIVERSITY {13
MAX IMUM DIVERSITY (2}
MIWNIMUM DIVERSBITY
REDUNDANLCY

LVENNESS

CQUITABILITY

SPECIES RICHMNESS

1]

it

il

ii

A-97

1 006
Cehl

Ga 37

Callly
TedE
{238
Lell
iad4d

o

.

O RCENT
UF TOTAL

T3 %
F o
1‘8
1e%
1a5
1o

s

Lwi



MOMNTANG DEPARTMUNT LF FISH AND GAME

RPY 2232 W1 SPECTIES DIVERSISITY ANALYDLIS

1

JUNE 25, 19T7S

¢

STATIGN:  17-GLEADIVE
NUMBER OF SAMPLESI 1 Kick

SAMPLING PERIGD S APRIL 17,1975

HERTENT
A MK ABUNDANCE OF TOTAL
1 ia5s 4.3 a'F
2 7 il
3 2E P
% 33 120
5 25 S
& 13 Sed
T ) 27
8 7 2l
9 & 143
I¢ 4 1e2
i1 3 - a8
12 z s 5
i3 2 e+
14 1 e
is i T3
16 1 a3
17 1 el
18 H L w3
FTOTAL 334 122 ed
DIVERSITY = ZaTh
MAXT MUM DIVERSITY {1} = B W27
MAXIMUM DIVERSITY (2} = Go i
MINIMUM DIVERSITY = Toed2
REDUNDANCY = a3t
EVENNESS = Ge 56
EQUITASILITY = 32
SPECIES RICHNESS L4l

A-98
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Shvial D EULLs DI VeREIdY AWALYBAS

SUATIOH: 14
SUFDEE OF SARFLES: 1 Kick
SANCLLNG Pariuvu: pascn T4, 1975

PELCEHT
OF TOTAL

S
s
ot
s
o
e
o
-
r

AABK

3u Sds O

N A S I A R
P
o4
-

wd OO B Lo B e

(&

6
11

3N
i d b (b () b 7
L]
oG, D W 0 o oo

b e P

TOT AL 537 Tudat

SITY = 2.4l

19 L1 y = 5.3
MAX LA 2} = 3,13
BINIMOM ; = Tt
KEDUHDA Y = Ue 33
BYENNRSS = Ue70
EOQUITALILITY = 0ol
SPECIes » 1CHNESS = 201
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MUNT ANA DEPARTMENT OF FISH AND GAME
WPT 22C0et SPRECIES DIVERSITY AMALYSIS
MARCH 17,1$7%
STATION: 96 Tongue River
MUMBER OF SAMPLES: 1
SAWPLING PERIOC: CECs 3s 1974
PERCENT
RANK ABUNCANCE OF TOTAL
i 138 3402
2 39 Ge7
3 i3 Be2
4 26 €5
<3 i6 4.0
€ ié 440
7 i% 3e 7
8 14 3.5
g 12 3e 0
10 i 2.7
i1 ig 285
12 10 2e8
13 1G ZeB
i4 rd 1e?
18 7 te7
1e 8 1e®
17 5 1e2
18 & 1e2
i9 & il
20 4 140
21 & i@
22 2 CeS
23 z Cak
24 1 O 2
28 i Qs 2
£& i Ced
27 i Ce 2
z& i Qa2
2% 1 Co2
30 i Cei
JOTAL 403 10Ge €
DIVERSITY = Fe6Y
MAX IMUM DIVERSITY {1} = BodS
MAX IMUM D IVERSITY (2) = 44840
MINIMUM OIVERSITY = De&2
REDUNDANCY = Da2?
EVENNESS = Qo 78
EGUITABILITY = Co43 A-100
L SPECIES RICHNESS = = -2 ¥ -4 - R



HONT &NA QL& THMunT OF FLoH ANW GAND
ce e} ﬁpthgﬁb CIVERSITY ARALYSIES

MAMOH 7 ebi%FE

STATIUNS G1 Tongue River-Keogh
pUMBER UF SANDLE S: | Kick

SaMELLRG PERIGLE BECs e iv¥7e

BPLRCENT

FOANE BEUNTANCE LF TOY ak
i 80 1268
2 i iiai
3 i4 i0eh
i £ da &
e it 2ai
o e L ek
7 Py el
& i 140
9 H 102
L4 i o &
1! i P H

FUT &L NG 1gia4

DiwnLeuity = 1w i3

BMAX PMUM L IVERSITY (1) = Lot ¥

MAX IMUM DivERSGLITY (2] = KR

MimiayM Uivew STy = Lol:&

HEDUNUAMLY = G52

oYE ANESE = Oel?

EQUITABIL I TY = Ce a0

SHECIEL R IOFNEDSS = ‘ falil

A-101



BT aNA DDOARMIMLIRT wir Fiak AR A

Wit gl d Sl fen UIvErDiTY APMNALY RN

MARLH 17s 30479

3T AT UM 0o Tongue River-Birney
sl D SAMPLI %3 i Kick

THamPLiNG PEREUOS LEL e 2y Iu74

PHECENT

AN ABUNLDANGE OF YuTal
134 dde g
z 3% Hae?
A da Had
& 248 e §
4 HE &) b oll
& is Gl
F i Je7
& i 3a8
S 12 e @
19 i 2e ?
i i9 & el
i G ‘el
i3 HEW Ze8
i4 7 1a7
14 7 1e7
§ & 18
17 = ied
L & ie2
i & ia@
24 G [ 3"
&1 & S
Z: < Uel
4 Z Lo
e i DNed
25 1 Gad
£ i e
a7 i Cad
28 H ey
&% i Cad
B4 i O oe
TUT S 4 9.3 HEER PR

GIvERISLTY = Heby
MaRK jMLM D iVeExElTY (13 ® Betrts
MAK IMUM S IVERSITY {23 = G e B
MinNiMyW LivERSITY = Fatrl
WELUNDANGY = Caed7
EVLNNESS = Ge 7% A-102
ECUITABIL ITY = gl
LBPECIES ~lCpigss 2 o Sege
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MONTANA NCBASTMENT 0OF F15H AND GAamMF
Y 2207 a1 SPECIES DIVERSTITY ANALYSIS

JULY 2, 1976

LTAT(ONT MILES 1TV

NUMPIE R MF SAMPLERS] i

SAMPLING PERIONT VIIi-H=7R

PERCENT
ZANK ARUNDANCE OF TOTAL
1: = 32,5
2 2 1%:4
B » 15.4
4 H Te7
5 i T 7
£ 1 T 7
7 i Tet
TOTAL 13 120.7
SHANNDN BRTLLOUVIN
DIVERSITY PeBT 1.82
MAXTHMUM DIVFEOSTTY 281 PeN 4
MINIMUM DIVTIPRPSTITY 2619 156
CEDUNDANCY T eSS D bF
FVENNESS (s BS N eBG
FOUITABILITY T.69 "« 73
SPECIFS RICHNESS 1.2 1-00
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QeT

MONY ANA DFPARTMPENT OF FISsH aAND GAMFE

2C 7. 1 SPFECIES

JULY 2, 14976

STAT IONS mIilLeEs CITy

MNUMRBER OF SaMplLTogl g

SAMD] [NG PERIND:

2 ANK

DU 'IRY | B SIS

TOTAL

MIVERSTITY

MAXTMUM DIVERSITY
MIMIMUM DIVFRSITY
REDUNDANCY
FVERMNTSS
FOUITARILITY
SPFCIFS RICHNMNFSS

VITI=-5-78

ABUNDANCE

e N3N L BR

21

SHANNON

Peb4S
2.81
1e67
0L N
D LB7
0 e %5

1.R9

A-105

DIVFRSITY AMALYSIS

PERCENT
OF TOTAL

BRETLLOUIN

1 O
2ef
1202
Ce29
Ne B3
133



MOINT AN A DEDARTMENT MF FISH AND GAME
BOT 2200, SORCIFS DIVFRSITY ANALYSIS

JULY 7, 1378

STATIONG MILPS CITY
NUMAER 1F SAMPLERS:T @

SAMPL NG PERINDE YIifi—-5-79%

PERCENT
RANK ARUNDANCE OF TOTAL

i iR 3R, 7

o ) 176

3 & 176

4 5 14,7

) H e

& H 23

7 H 2.9

= t 25

TOT AL 34 100, 0

SHANNTN RRILLOUVIN

DIVERSITY 2.4872 2204
MAX Taidm DIVERSITY 1,07 D4
MINTIMUM DIVERSTITY 131 1.02
REDUNDANCY T e 34 Ce33
EVENNESS GCeB1 L8
EQUITABIL ITY Cea® NeH&
SPECTES RICHNESS 194 150
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MONYANA DEPARYMENT MW FISH AND GamF
REPY 2200,1 SPECIES DIVEPRSITY AMALYSIS

JULY 2Ps 1075

STAYIONS MILFS CITY
NUMBEDR 0OF SAMPLERS? 4

SAMPL ING PFRIOD? VIII=-S5=-75%

PERCENT
BANK ARUNDANCE OF TOTAL
1 7 292
2 A 2%. 3
2 3 12:.5
4 7 Re3
A z 8.3
& = 83
7 1 4.7
) i 462
TOTAL 24 I0N.0
SHANMDN BRILLOUIN
MIVERSITY 2,67 2215
MAX TMUM DIVERSTTY TL0N 2a43
MINIMUM DIVERSITY {69 128
REDUNDANCY nLr% -7
EVEMNNESS T a7 0. RG
EQUITABRILITY T e5R CehR
SPFCIFS RICHNFSS FL 09 150
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MONTANA DEDARTMINT OIF F ISH AND GAME
RET PG00 SPECIFS NIVERSITY ANALYSIS

JULY 2, 1974

STATIONG MILES CITY
NUMRER MF SAMPL PSS 5

SAMPL ING DED IO VIIi-5-75

DERCINT
2 ANK ARUNDANCE OF TOTAL

1 34 2P %

2 16 15,7

3 b T &

& 7 8 7

) & 5,7

¥d 2 S5a.7

= L B 7

G = 4y R

in 2 1.9

it 2 129

12 2 1.9

13 2 15

14 i 12

1% 1 1.0

TaTaL 0= 100.0

SHANNTN BRILLAOUIN

DIVERSITY Fa2? saR2
MAXIMUM DIVERSITY 3.51 ReHE
MINTMUM DIVERSITY 107 TeBR
REDUNDANCY 0,24 D24
FVENNESS N eB3 DaR2
COUITABILITY FagR N85
SOFCIES RICHNESS 2a74 2e 37
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MONTANA DFEDADTMINTY OF FISH AND GAME

RPT 2200,1% SPECIFES DIVERSITY aANALYSIS

. JULY 2, 1976

STATIONT MILES CITY
NUMRFER OF SaMpiLeEog: A

SAMPLING PERIOMS VITi-5-75%

PERCENT
RANK ARBUNDANLIF OF TOTAL

H 57 452

2 38 .2

3 G Yot

4 ] He 3

5 ol 4 8

#y 3 Zs b

7 oy 1.6

A i DR

3 1 a8

10 1 DeF

TNT AL 126 10,0

SARMNITN BEILLOUIN

NIVERSITY = P00
MAX IMUM DIVERSTTY 3,37 Fell
MINTMUM DEIVERSITY N eFD T80
REDUNDANCY Tat D47
EVENNESS G eHH D54
FOUTTARIL I TY 31 D s RE
SPECIES RICHNFSS 1«85 1s54
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MONTANA MEDADTMENT OF S IaH AND GAME
ROT 2200,1 SPECIFS NIVERSITY ANALYSITS

JULY Pe 19745

STATIMNG MILFES I 7Y

NUMARFR NF SAMPLESS? 7

SAMPL ING PFRIMND VIII-B-75

PERCENT
RANK ARUNDANGT OF  TATAL

1 101 R

> £ 19,7

3 35 10,7

4 2 9.9

) 24 Tath

IS < 28

7 R I

R A 2.5

a 7 Ze?

19 7 2.2

11 7 e

12 & 1.9

17 s 165

14 2 .9

15 2 C.b

16 2 0ok

17 1 Dal

15 1 Col

19 1 03

»1 1 D43

21 1 ~ L3

TOT AL b 100.0

SHAMNTIN RE L OUIN

DIVFRSITY F 173 203
MAXIMUM DIVERSITY 4439 6,10
MINIMUM DIVERSITY £ AN 0.5
REDUNDANCY T a3 Te 32
EVENNESS D73 nL7 2
COUTITARIL ITY o, 3e N8t
SPECIFS RICHNESS 2,81 2e50
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MOMTANEG DEDADTMENT OF FIGH AND GAMFE

PRT DPCG .1 SPBFCIFS DIVFRSTITY ANALYSIS

JULy 2, 1975

STATEIMNI GLENDIVFE

MNUMSBER OF SAMPLFRSE H

CAMBL ING PERINDT VITTI-7-75

PERCENT
2 ARK ARUNDANCF O YT AL
i 24 471
2 22 4341
3 2 oD
4 2 R0
5 1 2ef
TOTAL 51 100 .0
SHA NNTN BT DUEN
DIVERSITY 1e51 Ia5 -
MAXIMUM DIVERSITY ?.372 2.1t
MINTMUM DIYFRSITY N 55 VA
REDUNDANTY "~ L4k nL.4c
FVENNESS T e85 P64
EOUITARTILTYY T.27 f5e31
SPECIFS RICHNESS 1.25 104
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MONT ANA DEPARTMENT OF FISH AND GAME
BRY 2200.1 SPECIES DIVERSITYTY ANALYSIS

JULY 2. 1974

STATIONS GLENDIVE
NUMRER OF SAMPRLFRSI 2

SAMDBL ING PERIGDE VIII~7=75

BERCENT
RANK ABUNDANCE 0OF TAOT AL

1 . Ffael

2 5 217

= 4 1 7.4

% 2 12.0

S 2 Ba7

& b fe 2

7 b 4.3

8 i 423

TOTAL 23 1I0C.0

SHANNMN BRILLIOUVIN

DIVFRSITY 273 2217
MAXTIMUM DIVERSITY 3400 2eb i
MINTMUM DIVERSITY 174 1.31
REDUNDANCY D24 Q.22
EVENNESS 03N Ce.0f
FNUITABIL ITY Te6BD Q.67
SPECIES RICHNFSS 2.1t 1.50
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MONTANA DEPAQITMENT OF FISH AND GaAmMF

RET 22001 SRECIFS DIVERSITY ANALYSIS

. JULY 2, 1975

STATION? GLEND I VE
NUMARFER OF SAMPLERS: 3

SAMPL NG PERIGD?: VITI-7-75%

PERCENT
RANK ARUNDANTE OF TOTAL

b1 1o 8.7

2 i6 41 =0

3 -2 el

a H 26

5 H Faty

TOTVAL 3G 1307

SHANNDN REEii CUIN

DIVFRSITY 1572 IR
MAXTMUM DIVERSITY 2432 2s06
MINIMUM DIVFERESITY e BH e 5S4
RENDUNDANCY o/ R Ge Bt
EVENNESS D.H5 DLEH
FQUITABILITY D e2T 0, AL
SPRCIES RICHNESS 124 Qe
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MONT ANA DFDARTMENT OF FiSk AND GAME
RPY 220G.1 SPRECIFS DIVERSITY ANALYSES

JULY 2, 19756

STATIONS GLFENDIVE

NUMRER OF SAMPLERSE 4

SAMPE ING PERIND: VI[i=7=75

PERCENT
£ ANK ABUNDANCE OF TOTAL
1 A 4n,.0
? 5 33,3
3 3 20,0
4 1 Bo?
TOTAL 15 16C,.0
SHANNTIN ARILLOUIN
DIVERSITY 1.78 1.47
MAXIMUM DIVERSITY 2,09 1459
MINIMUM DIVERSITY 1.0% D.7R
QEDUNDANC Y 0.23 0.21
EVENNESS 0.89 0. ARG
EAUITABILITY NL4k De52
SPECIES PICHNESS 1,33 8 .RG
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MITMNTAMNA DERARTMENT OF FISH AND GAME
RET 220041 SRECIES DIVERSITY ANALYSIS

JULY 25 1974

STATION: GLEND{ VF
NUMRBRER 0F SAMPLFRS: 5

SAMPLING PERFION? VIl -7=75

PERCENT
2 ANK ABUNDANCE OF TOYAL

1 26 63 .4

2 4 T8

% 3 Tel

& 3 Ve R

5 1 2ol

& 3 224

7 i 2l

2} i 2et

Q i Pt

TOTAL 41 120,08

GHANMNIN BRILLOUIN

DIVFEFRSITY 195 162
MAX TMUM DIVERSITY 2,17 2a72
MINIMUM DIVERSITY 1370 12
REDUNDANCY O eHB7 C.5%
FVFENNESS Deh?2 0o B0
FQUITARIL ITY D35 DAl
SPECIFS PICHNESS 159 1.22
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MONT ANA DFEBPARTYTMENT 0OF FISH AND GAME
RET 2200.1 SRPFCIES DIVERSITY ANALYSIS

JULY 2, 19756

STAYTION? GLENDIVF

NUMSIER OF SAMPL FRSE &

SAMPLING BFE2IND: VITi-7-75

PERCENT
BANK ATRUNDANCE GF TOTAL

1 iG 55 .6

z 3 18.7

3 r ita.1

4 H 5.6

= i 5.6

& i Db

TOTAL 18 It0eD

SHANNION BRILLOUIN

NIVERSITY 1.95% 1.51
MAX TMUM DIVFRSITY 2:58 2 e DFE
MINIMUM DIVFRSITY 15% | S O
CEDUNDANCY D58 .58
EVENNESS T e 7Y Ca73
EQUITARILITY T ah7 MNeH?2
SPECIFS RICHNED SS 148 Co9%
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MONTANMA DESARTMENT DOF FISH AND GAMF_
RPT 22C00.1 ERFCIFS NDIVERSITY ANAGLYSIS

JULy 2. 19746

STATIONS GLENDIVFE
NUMBFR 0F SAMPLERS] 7

SAMDL ING PERINGT VIII-7-75%

PERCENT

RANK ABUNDANCE OF TOTAL

H 91 48,7

2 53 28,73

3 12 F ol

4 R 447

5 7 2.7

& & 3.2

7 E 1.6

a 2 11

9 2 1s1

10 2 lel

11 1 NaS

TOTAL 187 190,50

SHANNON RRILLOUIN

DIVERSITY 215 2.02
MAXIMUM DIVERSTTY 3.46 3.29
MINIMUM DIVERSITY 0.453 Y
REDUNDANCY na.a4 Cotsts
FVENNFSS 0.62 o622
EQUITARILITY D29 Do33
SPECIFS RICHNESS 1.87 169
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MONT AMA DEPARTMENT 0OF FISH AND GAME
RBT 2200,.1 SPECIFS DIVERSITY ANALYSIS

JULY 2. 19768

STAY IONT INTAKE
NUMRER (OF SAamMPLEFRS: 1

SAMDL I NG PFRIMADT VIT]I=-F-7%

PERCENT
RANK APUNDANCE OF THTAL

H 10 455

4 7 318

2 2 Tl

& 2 Gl

ba i LI

TOT AL 22 INnCan

SHANNTDN BRILLOUIN

DIVERSITYY 187 154
MAXTMUM DIVERSITY 232 ‘ 1693
MINIMUM DIVFEFRSITY {1.005% De7%
REDUNDANCY T35 Do 34
FVFENNESS TeB i 7 «BC
FOUITARILIYY T2 D85
SPECEIES RICHNESS 1445 1.08
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MONT ANAG DFPARTMENT OF FISH AND GAMF

T 220041 SRECIFS DIVERSITY ANALYSIS

. JULY 2, 1976

STAYT{ONI INTAKE
NUMBER OF SAMDLFPS 2 2

SAMPL ING PERIOQD: VITT-7-7%

PERCFENT
RANK ARUNDANCE OF TNTAL
1 i0 4147
z & AR
3 ] 12.5
4 2 B,3
5 i 469
) i 447
? 1 ﬂo?
TOTAL 24 1700
SHANNAON RO OUIN
DIVFRSITY 2.27 1.R4
MAXIMUM DIVEDRSITY 2«81 Pe2G
MINIMUM DIVERSITY R Tell
RENDUNDANCY Na4an 0.38
FVENNESS .81 0RO
FQUITARILITY eSO 0. 56
SPFCIES RICHNESS 1.78 128
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MONT ANA DFRBATRTMENTY OF FISH AND GAME

PEYT 200, 1 SPFCIFS DIVERSITY ANALYSIS

SJULY 2. 19746

STATION? INTAKE

MUMRBER OF SAMDPLERSS 3

SAMPLING PERIOD: VIfi=-T=7%

PERCENT
RANK ABUNDANCE GF TOTAL

i 7 R, 0

z2 4 14,8

3 4 14.8

& 1 3.7

5 i 2.7

TOT AL 27 10CD

SHANNTN BRILLOUIN

DIVERSITY 153 .32
MAX TMUM DIVFRSITY 2632 1.98
MINTMUM DIVEDSITY 209D Ca6G
REDUNDANCY N"a32 Te31
FYENNESS T bR DaB7
FQUITARILITY 0373 0 .38
SPECIFS FPICHNESS 125 D.04
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MONTANEG DERPARTMENTY OF FISH AND GAMEF
(BT P20 .E SORECIFS DIVEFRSITY ANALYSIS

JULY 2. 1974

STATTION INTARKE
NUMRBER OF SAMPLERSS 4

SAMBL ING PERIODS VITI=-7=75

PERCENT
BANK ABUNDIANCE OF TOTAL
i i% 53:86
2 & 214
3 E 10,7
4 2 Tal
= 2 FTal
TOTAL 28 1000
SHANNDON BRILLOUINM
DIVFPRPSITY 1.8% 1e 56
MAXIMUM DIVERESITY 2«32 199
MINIMUM DIVFRSITY Te8R LeHm
BFOUNDANCY D633 e 33
EVENNESS RO CaTH
FQUITABIL ¥TY 38 Te45
SPECTIES RICHNESS 144 111



MORNTANA DFPARTMENT OF FISH AND GAME

ROT P200, 1 SPRECIFES DIVERSITY ANALYSES

JUHY 2. 197A

STATIONS INTAKF
NUMBER OF SAMPLFRSI 5

SAMPLING PFRINODS VIIE-7-75

PERCENT
RANK ABUNDANCF OF T0OTAL

1 16 5ha P

2 2] 2T A

3 2 1063

4 1 34

= i 3.4

TOT AL 29 120, 0

SHANMMN BRILLOUIN

DIVEFRSITY Peff 1.40C
MAX ITMUM DIVFEFRIITY 237 200
MINTMUM DIVERSITY e85 D66
RENDUNDANCY CedS N,a4
FVFEFNNESS Ce7T1 Ca70
EQUITABILITY 0434 Calh
SPECIFS PICHNRESS 132 taD1
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MONTANA DFOARYMENT OF FISH AND GAMF

BT 2200, 1 SRFCIFS NIVERSTTY ANALYSIS

‘I’ JuLy 2. 1974
STATYIOM?T INTAKE
NUMRBER OF SAMPLERSS e
SAMPL NG PERIOGDS VIfTi=T=75%
DEROCENTY
2 ANK ARUNDANCE OF TOTAL
i 22 &7 R
2 18 FGe 1
3 4 2.7
4 H Za?
5 H Fe
TOTAL 46 1000
LHHANMNNON BRILLOUEN
DIVFRSITY 159 =41
MAXTMUM DIVERSITY 2232 2029
MINIMUM DIVERSITY L 6i) De B
REDUNDANCY Ol G427
EVFNNESS e HH Ge87
FQUITARILITYY 2e29 s34
SRFCIES RICHNFSS 137 1407
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v ' MONTANA DEPARTMENT NOF FISH AND GAME
P :
.;&V qOT 23001 SPECIFS NDIVERSITY ANALYSIS
I
. ¥
o ;‘,,.

JULY 2, T97A

STAYION: INTAKFE

NUMBER OF SAMPLERS: 7

SAMPL ING PFRINDDS VITI-7~7%

PERTCENT
RANK ABUNDANCF OF TOTAL

1 B3 4702

bl "3 30,1

3 12 Fe B

4 in BeT

5 L 2eh

& 5 fa B

7 2 1.1

f z 1ot

G i Dah

in 1 QCaf

i1 H Cab

TOTAL 17# 120.0

SHANNON BRILLOUIN

DIVERSITY 2el? 102G
MAXTIMUM DIVERSITY 3.456 3.28
MINTMUM DIVERSITY CeBZ Dol P
REDUNDANCY 04485 DS
FVENNESS 0 e61 Cab1
FQUITABILITY e2° Ca33
SPRPECIES RICHNFEFSS 1.83 1e£6
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MIOIRT ANA DEDF2ARTMENT OF FISH AMND G amME

HEPT 2200, 1 SEPFCIFS DIVFRSITY AMALYSIS

. JULY 2, 1975

STATION? STONEY
NUMRBRER OF SAMPL FRS52 1

SAMPL ING RPFERIONDT VITI=F=75

DERCENT
RANK ADUNDANCE OF TOTAL

i it T, 3

2 7 2% N

3 5 179

4 4 e 3

S 1 o &

TOY AL 28 PTh0e 0

SHANNIN BRILLOUIN

DIVERSITY Z.05 175
MAXTIMUM DIVERSITY Ze32 PaeO@
MINIMUM DIVERSEITY Ca8% DefH
REDUNDANCY Ds19 0.18
EVENMESS L.878 D« RA
FOUITABILIYY D43 G50
SPECIES RICHNFESS 167 1.25
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R
.

MONTANA DEPARTMENT OF. FISH AND GAMFE

ROT 2270, SPECIFS DIVERSITY ANALYSIS

JULY 2. 197A

STATIONI STDNEY

NUMRER QOF SAMPLFPRSS 2

SAMPL ING PERINNDI VIITTI-7-79%

PERCENT
RANK ABUNDANCE 0OF TOoTAL
1 i1 32.4%
2 A 235
2 £ 176
4 4 118
5 3 ReA
£ H 29
7 i Ze 2
TOT AL 24 170,90
SHANNIN BRILLOVIN
NIVEFRSITY 22473 2.08
MAX TMUM DIVERSITY 2e831 P40
MINIMUM DIVERSITY 1213 .88
REDUNDANCY .22 Na27
EVENNESS T aR7 0,86
EQUITARBILITY D edR N.55
SPFCIES RICHNESS 1.95 1.52
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MOMNTANA DECARTMENT OF FISH AMD GAMFE

REPT 2230061 SEBECIFS DIVERSITY ANALYSIS

. JULyY 2. 1976

STATIONT SIDNFY
NUMBEFR 0OF SAMP ERGT 3

SAMPLING PFRIDNDZ YITI-7=-75

PERIENT
DANK ARUNDANCE JF TATAL
H 1 & GF o
2 Q 2H.5
3 ) 4.7
4 2 %9
5 i ?a @
& H PeG
TOTAL 34 170,90
SHANNON BRRILLOCUIN
DIVERSITYY 97 168
MAX TMUM DIVERSITY PSR Pe 24
MINIMUM DIVERSITY [SPR=F 3 Q.74
DEDUNDANTY Ga3R .27
r—‘\."f"NN‘-'S‘% ‘r}a?ﬁ ‘9075
FOUITARILTTY e 39 fat 5
SPFCIFES RICHNFSS P 1232
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MONYTANA DFPADTMENT 0OF FISH AND GAMF
ROY 22001 SRPFCTICS DIVFRSITY ANALYSITS

JULY 2. 19375

STATION: STONEY
MUMRER MF SAMPLFRSS 4

SAMPLING PERICD? Vili=-?~-75

DERCENT
RANK ARUINDANCE OF TOTAL

1 5 B e

2 3 0NN

3 i 17D

4 1 10 .0

TOT AL 10 1C0.0

SHANNTN BRIl NUIN

NIVFDS{TY 156G 123
MAX ITMUM DIVERSITY 709 186
MINIMUM DIVERSTITY 1236 D.,a5
EFEFDUNDANCY DG Nsas
FYENNESS 0BG CeB4
FEQUITARILITY CeB [ IPRCT
SRPECIFS RICHNFESS 1el” D.H7

A-128



MONTANSE DFRARTMENT OF FISH AND GAME
ROT 2200.1 SPECIFS DIVERSIYTY ANALYSIS

JULY 2. 1375

STATINONGT SIDNEY
NUMBFER (OF SAMPLERSI 5

SAMPL IMNG PFRINMDY VITI~7~75

PFERCFENT
RANK ARUNDANCE OF TOTAL

1 7 31 .8

2 ] PP 7

3 4 18.7

4 2 Gl

b 2 Gal

) z Qi

TOT AL 22 IC0,L.0

SHANNMN Britt QUuiInN

DIVERSETY 2e 4D 196
MAX TMUM DIVERSITY 2«58 2eld
MINIMUM DIVERSITY 13" C.aR
REDUNDANCY Ca14 Mel3
FVENNESS 093 Nea
FoUITARILITY G54 D2
SPECTES RICHNESS 185 1. 34
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MONTANA DFRPALTMENT OF FISH AND GAMFE

ROT 22300 .1 SPECIFS NDIVERSITY ANALYSIES

JULY 2. 1975

STAYIONT SIDNFY
RUMPER OF SAMPLERSS A

SAMDL ING PERIDDS VITi—-7=-7%

PERCOCENT

RANK ARUNDANCE OF TOTAL
1 = 22,3
2 E 23,3
2 » 22.7
A 1 11.1
TOT AL a3 120N
SHAMNDN BRILLOUIN
DIVERSITY 1.879 1,327
MAX TMUM DIVERSITY 2.00 1a47%
MINTMUM DIVERSITY 145 1200
PEDUNDANCY Ce2n Ns 18
EVENNESS I rLan
FOUITABILITY Ca6D N BT
SPECIES RICHNESS 1.29 N7
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REY 2200,.1

MOMT ANGE DEDZADTMINTY OF FISH AND GAME

SPECIFS DIVERSITY ANALYSIS

JULY 2y 19976

STATIONT SIDNFY

NUMRER OF SAMPLERST 7

SAMPLING PERIND: ViTi=-7-75

QAMNK ARUNDANCE
1 47
2 29
3 25
4 o0
5] &
<) 3
7 2
a 2
9 2
10 1
TOTAL 137
SHANNON
DIVFRSITY P9
MAX [MUM DIVERSITY 3,32
MINI®MUM DIVERSITY C.55
REDUNDANCY T30
FYENNESS 075
FQUITABIL TIYY S .35
SPECIES PICHNFESS .18

A-131

PERCENT
aF TOTAL

4,3
21.2
18,2
1406

&.ﬂ
"02
1'
a5
165
0,7

Y

J

100,45

ARILLOUIN

PeR3
2s.12
Colif
Ta 30
.75
Nabi
192



MONTANA DERAGTMENT NF FISH AND GAME
RPEY 2207 61 SREFCIFS NDIVERSITY ANALYSIS

JULY 2. 19375

STATIONS MILES CITy
NUMBER 0OF SAMP] ERSY H

SAMPL NG PERINND I X—-R-75

PERCENT

RaANK ABUNDANCE OF TOTAL

1 a7 42,6

> 44 21a6

3 24 11.8

4 14 7.8

5 13 A

£ 12 5,0

7 2 1.5

9 1 N5

10 1 065

11 1 fe’

TOTAL 204 170.0

SHANNON BRILLOUIN

PIVERSITY 2.61 2029
MAXIMUM DIVERSITY 3,45 2,20
MINIMUM DIVERSITY nabs .37
REDUNDANCY 2.5 r.34
EVENNFTSS Da70 0 .FEG
FOUTYARIL ITY "L 31 ~e 37
SPECIES RICHNFSS Peln 1.92
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ROT 2250,1

MONT ANA DFPARTMENT OF FISH AND

SUECIFES DIVFRSITY ANALYSIS

JULY 2, 1376

GAME

STATIONI MILES CITyY

NUMBFER OF SAMPLERSS 2

SAMBPLING PERIONT I X875

RANK ARBUNDANCE

H Fa

2 52

3 25

4 i¢

5 in

6 4

v 3

s A

e z

14 i

11 i

12 1

TOTAL 187
SHANNTN
NIVERSITY 235
MAXTMUM DIVERSITY FL.H5
MINITMUM DIVERSITY NaZ3
REDUNDANCY 0s 39
EVENNESS D5
EouitTAaaitiTy Ne 32
SPECIES RICHNESS 207

A-133

PERCFENT
OF YOTAL

931
278
134

53

a3

Zel

1e6

16/

1

TeB

05

25

10G.0

BRIty QUIN

2:24
2a40
Neld
e 29
Cabh
003?
188



MONT ANA DEPARTMENT 0OF FISH AND GAME

QOT 2E0M,1 SPECIES NDIVFRSITY ANALYSIS

JULY 2, 1975

STATION? MILES CITY

NUMREFR OF SAMPLERSI 3

SAMPLING PERIDDE IX=B~75

PERCOENT
RANK ARUNDANCH OF TOTAL

H 1320 516

2 38 15.1

3 21 12.7

% 16 £

S 10 %ol

2] FS %62

ks = 20

a 5 P

i 2 De B3

11 i Dat

i2 i Cad

13 i D4

TOTAL 252 100N

SHENNTN PRILLOUIN

DIVERSITY 2,33 Pe2
MAX TMUM DIVFRSITY Re TN 3.%4
MINIMUM DIVERSITY et S T e3P
REDUNDANCY Tab? Nt 2
EVENNFSS Naf T 62
FOQUEITARTLEITY Te2% Ca34
SCECIFS RICHNESS PeD4 1+R7
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MONTANA DETARTMENT OF FISH AND GAMFE

BT 220061 SHECIFS NDIVERSITY ANALYSIS

. JUAY 2, 1376

STAT [ON: MILFS CITY
NUMARER DF SAMPLERS? 4

SAMPL ING PFRRINGS [ X -75

PEROE MT
PAMNK ARUNDANCE = YOT AL

i 91 4757

2 49 25:4

=z 17 A

) P& T8

) 7 A

A [ 31

7 5 e

o] &4 Pal

G 3 1ef

172 3 18

il 2 PR

iz H N5

TOT AL 197 1T0:0

SHANNDN BRILLDUIN

DIVFRSITY 2500 235
MAX TMUM DIVEFRSTITY 3.59 Ba &0
MINIMUM DIVERSETY 0651 Cad3
REDUNDANCY 05 3% 035
EVENNFSS De7" D B9
FOUTTABILITY 74373 N 38
SRFCTES RICHMNESS 2:17 197
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MOINT ANA DFEDARTMENT MF FISH AND LAME
RBEY 220041 SRECIFS DIVERSITY ANALYSIS

JULY 2. 19764

STATIONI MILFS CITy

NUMRBEDR OF SAMPLERSI 5

SAMPL ING PFRIOD? [ H=B=75

PERCENT
RAMK ABUNDANCHE OF  TOTAL

1 B8O £4 .0

z 18 1444

3 2 Ta?

& & 4 5 R

5 5 4o

& E Pt

7 1 S8

a 1 NeB

3 i J.R

in i TaB

TOT AL 125 120,0

S A NNTTR BRILLOUIN

DIVFRSITY 1«24 1«68
MAX IMUM DIVERSITY 332 3.11
MINIMUM DIVERSITY 3 .67 - o0
PEDUNDANCY n.55 neSS
EVENNESS 0.55 Das5a
FQUITARIL ITY NelH D30
SPFCIES RICHNFSS 157 1. 38




MIONTANA DEPASTMENT OF FISH AND GAME

BT 2P0 7.1 SPECIFS DIVERSITY ANALYSIS

. JULY 2. 1974

STATION? MILES CITY
NUMRFR NF SAMPLERS: A

SAMPL ING PERIND: IXwB=T8

PERCENT
R ANK ARUNDANCE OF TOTAaL
i =7 BE- Y-
2 49 2742
3 i8 I2.2
4 t2 Ba.2
5 & 4s1
& & CPA
7 4 2a7
A 2 jad
= i 0.7
10 i 0.7
TOT AL 147 INT. 0
SHANNON BRILLOUIN
DIVFRSITY Z2s41 Zs 286
MAX ITMUM DIVERSITY 3.32 313
MINIMUM DIVEFRSITY 0513 Cebd
REDUNDANCY 032 0s733
EVENNESS D72 D72
EQUITABILITY T 33 039
SPFCIES RICHNESS 2:07 187
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MOINTANA DFPARTMENT OF FISH AND GAMFE
DOT 22An, 1 SPRECIFS NDIVFEFSSTITY ANALYERILS

JULY P 1976

STATIONT MILES CiTyY

MUMRER (OF SAMPLERS? 7

SAMPLING PERIODS [ XK= 875

PERCENT
RANK ARUNDANCE OF TNTAL
i 51¢ G460
2 219 19.8
= 132 1t.9
& &0 Dot
a3 56 501
& 34 2e1
7 25 2+3
8 23 201
Q ic 1.7
10 a Q7
11 7 Ds 6
12 2} N5
i3 & Dad
14 z2 Ce?2
15 ? T2
1& 1 Cel
TOY AL 1108 10C.0
SHANNDON RRILLOUIN
DIVERSITY 2e49 20495
MAX TRHUM DIVERSTTY A L0On0 Fa94
MINTMUM DIVERSITY Nald LA €8
REDUNDANCY 0 e 39 e 39
EVENNFSS G862 D62
EQUITARIL ITY Ca.2% T 28
SPECIES RICHNESS 2e2% Pel7
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MONTANA DERPARTMENT OF FISH aAnND

ROYT 2207, SPECIFS DIVERSITY AMNALYSIS

. JUuLy 2, 1975

STATION: GLENDIVE
NUMRBER (OF SAMPLFRST H

SamPL ING PERINDS PG T H

RPERCENT
ANK ABUNDANCE OF TOTaL

i B 4741

2 54 23.5

3 % 235

4 i 5 e

TOT AL 17 1000

SHANMON BRILL DUIN

MIVERSITY 173 140
MAXTMUM DIVERSITY 2e07 1«63
MINIMUM DIVERSITY 0e95 Ce71
REDUNDANCY 025 Ta24
FVENNE SS DAY T e B&
EFQUITARIL ITY Ce&2 Ceh9
SPECIES PICHNESS {31 a9



MONTANAL DFPARTMENT 0F FISH AND GaME

REY 2200.1 SPECIES DIVFRSITY ANALYSIS

JULY 25 1976

STATIONZ GLENDIVE

NUMRBER NF SAMPLEDSS 2

SAMPLING PERIND: I X785

PERCENT
RANK ARUNDANCE OF TOTAL

1 & 576 1

2 2 PReH

3 i 14,32

TOvaL 7 0.0

SHAMNNON BRILLOUIN

CIVERSITY 138 G986
MAXIMUM DIVERSITY 1.58 110
MINIMUM DIVERSITY 117 .77
REDUNDANCY Cad? D43
EVENNESS Q«B7 A7
EQUITABILITY De43 De0%
SPECIES RICHNESS 085 Catl
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MOMYT &MA DEPARTMENY OF FISH AND GAME

RPT 22001 SRPECIFS DIVERSITY ANALYSIS

SJULY 2. 1975

STYAT 1ONC GLENDIVE
NUMBRER OF SAMPLEDRSS 3

SAMPLING PERIONT Q=TS

PERCFNT
RAaNK ARUNDANCF OF 707 AL

i i4 51.9

2 = 33:3

3 H L7

4 % 2.7

k) i 37

& H 37

TOT AL 27 10,0
SHANMNON ARiLL DU

DIVFRSIYTY 1672 1«42
MAXT MUM DIVERSITY 2558 2-17
MINIMUM DIVERSITY j I e BE
REDUNDANCY .59 T BT
EVENNESS DT .65
FOUTITABILITY e 35 el
SPECIES RICHNESS 1236 1014
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MONT ANA DEPARTMENT OF FISH AND GAME

ROY 2200,1 SPECIFS DIVERSITY ANALYSIES

JULY 2. 1376H

SYATIONG GLENDIVE
NUMRER (OF SAMPLERS: 4

SamPL ING PERINDE IX- Q= FH

PERCENT
RANK ABUNDANCE OF TOTAL

i 20 554 6

2 7 194

! 5 1 2.9

&4 2 526

B i 7.8

& H 2.8

TOTAL 36 100.0

SHANNMN BRILLDOVIN

DIVERSITY 1+84 1. 58
MAXTMUNM DIVERSITY 258 2.2%
MINIMUM DIVERSITY D90 Ca71
REDUNDANCY Gald Cabts
EVENNESS Ca71 Ca70
FQUITABILITY e 36 Nadl
SPFCTES RICHNESS 1249 117
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MONT &nNA DEPARTHENT OF FISM AND Gamf

REPYT 2200.1 EPECIFES DIVERSITY AMALYSIS

. JULY 2. 1975

SYATIONT GULENDIVE
NUMRBFR OF SAMDPLERS: 5

SAMPL ING PFRIDDE [ H-O=TFH

PEFRCERT
R A MK ARUNDANTE OF TOTAL
i an &2 .3
2 < 14.8
3 = B2
& & [l oY
s 2 Ee3
# 1 16
F i g <
8 i iah
TOT AL 61 1000
SHANNTM BRILLOUIN
DIVERSEYY P84 162
MAXIMUM DIVERSITY .00 2s 70
MINTMUM DIVERSITY .84 DT
REDUNDANCY APS YN 0,53
FEVENMNESS Dab1 (.60
EQUITARTLITY 9.3 Te 3B
SPECIES RICHNESS 151 1.2%

A-143



L v

MONT ANA DERARTHMENT NF FISH AND GAMF

Q2TF 2200, 1 SPECIES SIVERSITY ANALYSIS

ETATIONS GLENDIVE

JULY 2, 1976

NUMRER 0OF SAMPLERS? &

SAMPLING PERIND:

RANK

D NN B Gy e

TOT AL

DIVFRSITY

MAXIMUM DIVERSITY
MINTMUM DIVERSITY
REDUNDANCY
EVENNESS
CQUITARTIL T TY
SPECIES RICHNFSS

I X~-9-TH

ABUNDANCF

358
24

el TN

7i

SHANNDON

1+ 84
307
NeT4
057
Da62
De30
156

PERCENT
0OF YOT AL

a4
3

L0
@ @

L

°

a

e T
L ]
PP S DIN DD W

it
(@]
o]

Do

BRILLOUIN

1.67
2.73
CaB0
T4 50
Ceb1
nOSF
1,32




MONTARNA DEPARTMENT OF FISH AND GawmE

RET 220061 SPECIFS DIVFRESITY ANALYSIS

. JUY 2, 1974

STYATION? GLENDIVE
NUMBER OF SAMPLERS? 7

SAMPL ING PFRINCDS I K~G=75

PERCENTY
RANK ARUNDANCE aF TOTAL

i 114 52t

2 41 18,7

3 3z 14,86

4 7 37

5] 7 a2

& 7 3.2

k4 & 1.8

5] 3 14

] 1 S

i i T8

il i 0.5

YOTAL 219 It0en

SHANNDN BRILLAOQUEN

DIVFRSITY = 207
MAXTIMUM DIVERSITY Fud b 331
MINIMUM DIVERSTTY A 035
REDUNDANCY D473 .43
EVENNESS DeB2 CaB1
FQUITABILITY Go27 32
SPECIES BRICHNESS 1 .86 ie71
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T

MOMNT ANA DERARTMENTY OF FISH AND GAME

REY 2200.1 SPECIES DIVERSITY ANALYSIS

JULY 2. 19746

STATION: INTARKF
NUMBFR OF SAMPLERS? 1

SAMPLING PERIOD: [ X=Q=75

DERCENT
T ANK ARUNDANCE OF TOTAL
1 2] 44,4
2 7 38,9
3 i 5.6
% 1 LY
) H Se b
TOTAL 18 1000
SHANNIN BRILLDOUIN
DIVERSITY 174 1,38
MAXTMUM DIVERSITY 2.37 1.87
MINIMUM DIVERSITY 1221 0,090
REDUNDANCY 0.52 £s 50
EVENNESS DTS .74
EQOUITARILITY oI B Cots 7
SPFCIFES RICHNESS .33 0e91
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MOINT ANA DFPARTMENT F FISH AND GAME

RPT 2200.1 SPFCIES DIVERSITY ANALYSIS

. JULY 2+ 1974

STATIONZ INTAKE
NUMBER 0OF SAMPLFRSI 2

SAMPL ING PFRICDT IX=GTF 5

PERCENT
RANK ABUNDANCFE OF YOTAL

i i7 5647

2 & 200

3 3 100

& z £a7

5 H 3+ 3

& ) 3.7

TOYT AL 30 1000

SHANNDN B ILLOUEN

DIVERSIYY 1.8% 1.54
MAX TMUM DIVERSETY 2.58 2221%
MINIMUM DIVERSITY 1.04 0BT
REDUNDANCY TadS D67
EVFRMNESS D72 .70
FQUITABILITY 35 et
SPECIES RICHNFSS 147 i«11
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MONTANA DEPARTMENTY OF FISH AND GAaAME
RET 220001 SPRECIFS DIVERSITY ANALYSIS

JULY 2, 19756

STATIONI INTAKE
NUMBER OF SAaMPLERS?: 3

SAMBPL ING PERIODI [ X=-C-78

PERCENT
RANK ABUNDANCE OF YOTAL

1 4 500

2 2 25 %

32 i 12.5%

4 1 12.5

TOTAL 8 1200

SHANNON BRILLOUIN

DIVERSITY 175 1.21
MAXIMUM DIVFRSITY 200 Ta81
MINIMUM DIVERSITY I eB% 105
QEGUNDANCY N1:55 D58
FVENNESS 3 .87 0s:86
FQUITABILITYY Ce5A 0.63
SPECIFS RICHNFSS 117 D58
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MONTANA DEDARRTMENT OF FISM AND GAMFE

ReT 2200.1 SPECIFES DIVERSITY ANALYSIS

. JULY 2. 1976

STATIONS INTAXE
NUMRER OF SAMPLERS?T 4

SAMPLING PERIDDS: (XSG =75

PERCENT
RANK ABRUNDANCE OF TOTAL
1 14 B2 .4
4 2 11.8
3 i BaG
TOT AL 17 1000
SHANNTIN RBRILLOUIN
DIVERPSITY Te8B3 6%
MAX TMliM DIVERSITY 158 132
MENTMUNM DIVERSITY Da64 048
BENMUNDANCY £ a7 Ca B0
EVENNESS D53 D .80
EQUIITABTILITY Lo Ta232
SRPECIES RICHNESS D863 et 2
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MONTANA DERPARTMFNT OF FIS8H AND GAME

RPET 220041 SPFCIES NIVERSITY ANALYSYS

SULY 2. 1976

STATIONT INTAKE

NMUMBER OF SAMPLERISI 5

SAMPLING PERIODS [X-G=75

PERCENT
A MK ABUNDANCE OoF TOTAL
1 500
rd i 28,0
3 i 25,0
TOT AL # 100e0
SHANNDON BRILLOUIN
DIVERSITY 1350 T30
MAX TMUsM DIVERSIYY 1«58 0s90
MINTMUM DIVERSITY 153 DaB0
REDUNDANCY 100 1475
EVENNESS C.9% 1.00
EQUITABILITY 075 .78
SPECIFS PICHNESS 0.75 Dall
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MONTANA DEPARTMENTY OF FISH AND GAME

RPT 2200 .1 SPECIES DIVERSITY ANALYSIS

. JULY Py 1976

STATIONS INTAKE
NUMBER OF SAMPLERSS &

SAMDE ING PERIOGHI IXN-Q-T5

PERCENT
QTANK ARBUNDANCE OF  TOTAL

b i3 H1 e

2 4 190

3 3 14:3

& H 4 o R

TOTAL 21 1000

SHANNON BRILLOUIN

DIVFRSITYY 1.40C 1.23
MAX ITMUM DIVERSITY 2e80 168
MINIMUM DIVFRSITY 082 Cet2
REDUNDANCY Oa43 D43
EVENNESS o 4t Ca73
FQUITARILITY 2«34 0329
SPECIFS RICHNESS 115 DGR3
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MONTANA DEDARTMENTY OF FISH AND GAMF

RPYT 220721 SPECIES DIVEFRSITY ANALYSIS

JULY 2, 1376

STYATIONS INTAKE

MUMBER OF SAMPLERS: 7

SAMPL NG PERIODS IX=O=TF5

PERCENT
RANK ABUNDANCE OF TOTAL

i 56 57 e}

2 1A iR 4

2 5} S5l

% = Sel

o & 4ol

& 4 4.1

7 2 2.0

B 2 P 0

= i i.0

10 i 1.0

TOT AL S8 170,85

SHANNDN BRILLOUIN

DIVFRSITY 202 1+ 8G
MAXIMUM DIVERSITY 3.32 3406
MINIMUM DIVERSITY 0,73 D B0
REDUNDANCY Cet R Ta s
EVENNESS DaehH3 D62
FQUITABILITY Ce32 026
SBRFCIES RICHNESS 177 153
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MONT ANA DEPARTMENT OF FISH AND GaME

RPY 2200,1 SOFCIFS NIVFEFRSITY ANLLYSIS

. JULyY 2, 1975

STATIONS SIDNEY
NUMBER OF SAMPLERSS i

SamPL ING PERIGDS (RO TG

PERCENT
RANK ABUNDANCF OF TOTAL
1 4 4G .8
2 3 23,73
3 2 22.2
TOTAL G 1NC.0
S HANNDN RRILLOUIN
PIVFRSITY 183 1elé
MAXIMUM DIVERSITY P55 1419
MINIMUM DIVERSIYY 099 )« 6O
REDUNDANCY 009 €09
FVENNESS D37 T
EOUTTABILITY Cot8 056
SPFCIES RICHNFSS 105 0.59



MOMNYANA DESARTMENT 0OF FI5SH AND GAME
RET 2200.1 SPECIFS DIVERSITY ANALYSIS

JULY 2, 1976

STATIONT SIONEY
MUMBER OF SamMpPLERS: ?

SAMPL ING PERIOD 1R Gw?S

PERCENT
FANK ABUNDGANCE OF YOYTAL

i 5 294

4 5 29a.4

3 3 176

% 4 i1.9

5 H Se9

& i 59

TOTAL 17 1000

SHANNMN BRILLDUIN

DIVERSITY 2. 32 1.82
MAX [MUM DIVERSITY 258 202
MINIMUM DIVERSITY 155 1,15
REDUNDANCY G275 C.P3
FYENNESS 90 .90
CQUITARILITY .57 bt
SPECIES RICHNESS 1756 i.18
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MONTANA DERPARTMENT OF FISH AND GAMFE

REYT 2200.1 SPECIFS DIVERSITY ANALYSIS

. JULY 25 1976

STATIONI SIDNEY
NUMBER OF SAMPLERSI 3

SAMDLING PERIODE {HwQ-—-75

PERCENT
RANK AFBUNDANCE OF TOTAL

1 7 FTT a8

2 4 Tiai

3 1 111

TOYAL < i00,.0

SHANNDN BRILLOUVIN

DIVERSITY 033 DeHG
MAXTWMUM DIVERSITY i.5R 119
MmInimiUs DIVERSITY .99 De B9
RPEDUNDANCY 100 1.00
EVENNESS 062 T .58
FOUITABIL ITY .31 D32
SPECIES RICHNFSS T eHB .25
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MONT ANA NEPARPTMENTY OF FISH AND GAME

ROT PR00,.1 SPECIES DIVERSITY ANALYSIS

JULY 2. 1976

STAT 10N SIODNEY

MUMRESR OF SAMDLERST 4

SAMBL ITNG PERIODY [ K~G =75

PERCENT

RANK ABUNDANCE OF TOTAL
H 7 58. 3
2 2 16,7
2 2 16,7
4 i Re3
TOT AL iz 1C0.0

SHANKMON BRILLOVIN

DIVERSITY i3l 1.21
MAXIMUM DIVERSITY 2«07 1«54
MINIMUM DIVERSITY 121 Co BE
PEDUNDANCY 0.49 0,89
EVENNESS CeB81 Q.79
FOQUITABILITY =45 50
SPECIES RICHNESS 115 D271




MONTANA DFDADTMENT OF FISH AND GAME

RPYT P200,.1 SPECIFS DIVERSITY ANALYSIS

STATIDONI 51 DNEY

JULY 2

NUMBER OF SAMPLERS? 5

SAMPL ING PERINDS

RANK

et

TOTAL

DIVFRSITY

MAXTMUM DIVERSIYTY
MINIMUM DIVERSITY
REDUNDANCY
EVENNESS
FQUITABIL ITY
SPECIES RICHKNESS

[ X=G-75

ABUNDANCE

S ANND

<00
107
1.0

1976

N

-4 e

1.00
132
200

A-157

PERCENT
OF TOYAL

0.0
S0

100.0

BRILLOVIN

050
0,50
N80

-+ a9 O
i.0¢

- 0s 50



MONT ANA DEPARTMENTY OF FISH AND GAMF
ROY 2200, 1 SRECIFS DIVFRSITY ANALYSIS

JULY 2 1976

STATIONT SIDNEY

NUMARFER 0OF SAMPLERSE &

SAMPLING PERIDD: [ R-G=78

PERCENT
= ANK ABUNDANCE OF TOTAL
i e L1 7
Z a2 20,8
3 = 20.8
4 1 be2
5 i 4.2
& 1 462
7 i 462
TOTAL 24 1000
SHANNON BRILLOUIN
TIVERSETY P23 181
MAXIMUM DIVEFSITY 281 2.2%
MINIMUM DIVERSETY P46 1all
PEDUNDANCY D43 0,41
EVENNESS 8D 0+79
FQUIYTABILITY De&Q 055
SEECIFS pICHNESS 175 ie26
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MONTANA DEPARTHENT OF FisSH AND GAME

REBYT 220041 SPECIFS DIVFRSITY ANALYSIS

. JULY 2, 1376

STATIOM: SIDNEY
MNUMBER OF SAMP FRSI 7

SAMPLING PERIODT IX=G=7FH

RPERCENT
AN ARUNDANCE OF Yo7 AL

1 34 L& B

2 14 1De?2

3 7 S D

4 5 Ha

5 4 Be®

& 3 L

i 3 4o

A 3 1ed

G 1 teh

i i leds

TOYAL T3 1000

SHANNON HBRILLOUIN

DIVERSITY P82 2:16
MAX ImUM DIVFRSITY 332 .00
MINIMUM DIVERSITY 093 0.7%
REDGUNDANCY e 33 37
EVENNESS Qs 73 G772
FOUITARBILITY D39 .45
SPECIES RICHNESS 2:073 171
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MONTANMAE DFPARPTRIONT OF FISH AND GAME
RET 2200 SPECIFS DIVERSITY ANALYSIS

JULY 28 1978

STAYIONS MILES Ci¥y
NUMBER OF SAMPLERST L

SAamMPLING PERIOGDRZ Ko o T 5

PERCENT
RAMNK ARUNDANCE OF TOvay

H 23 40,7

2 21 P

) 132 6.9

4 % Do

) 2 Z2sb

£ 2 2ef

7 § 13

= i 1.3

< i i1e3

10 i 13

TOY AL T i0C.0

SHANNDN BRILLOUIN

DIVERSITY Pe 23 Z.06
MaX {MUM DIVERPSIYY Fa32 .01
MINTMUM DIVERSITY DR .72
REDUNDANCY D4z Dek2
EVENNESS D59 T.68
FOUITABIL ITY GeA7 Ded P
SPECIFS RICHNESS 1973 154
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MONT ANA DEPARTMENT NF FISH AND GAME

BET 200, 1 SPECIES DIVERSITY ANALYSIS

JULY 2. 1976

STATIONS MILES CIYY
NUMBER 0OF SAMPLERS? 2

CAMPL ING PERIODS W B T

PERCENT
RAMNK APUNDGANCE OF TNTAL

H 4 & 418

z 38 34,5

3 a7 Tal

& A Te3

5 4 3.6

# 2 1.8

7 2 18

" i 0.9

3 i GG

TaT AL 110 1000

SHANNDON RRILLOUIN

MIVERSITY 2s il 195
MAX TMUM OIVFERSITY 317 P96
MINIMUM DIVERSITY Ce89 D.4G
REDUNDANCY Ded 1 Ca41
EVENNESS Deb7 DeBH
FOUITARILITY $a31 C o35
SPECIES RICHNFSS 1.8% 159



MONTANA DEPARTMENY OF FISH AND GAME

REPT P00 L1 SERECIYES DIVERSITY ANALYSIS

SJULY Ze 1976

STATIONG MItES 7Y

MUMBER NF SAMPLEDRSS A

SAMPL ING PFRINDS: Eom B FTE

BEPTEMT
BARK ABUNDANCE OF  TOT AL
1 7a 58,2
= &r P23
A = e 7
& % HL 2
) 3 2a i
& 4 15
F 3 e F
S H 0.7
TOYAL 134 100.0
S ANMNIIN BRILLOUIN
DIVFRSI{TY 162 151
MAEXTMUM OIVFRSITY 3207 a3
MIMTaMU DIVERSIYY Sy T 0237
REDUNDANTY %54 3.54
FYENMNESS D5 G.53
EOUTTARIL ITY G023 D27
SPECIES PICHNESRS 1373 124




MIONTANA DFEPARTMENT OF FISH AMND GaMFE

ROT 2200, 1 SPFCIFS DIVERSITY ANALYSIS

. JUMY 2. 1976

STAY [ONT MILES i Yy
MUMRBER F SAMPLERSS 4

SAMBN NG PEOINGT Ko B FE

PERCEMNT
2 A R ARBUNDANCE OF TOYAL

% 28 R4, 6

2 2a PO 6

3 i3 168

4 A S 3

= 3 Re 7

& e 265

7 z Za5

2 H 1.7

TOIY A1 54 iNG.9

SHAMMNTN RRILLOUIN

DIVFEFREITY Ze 32 Fel?
MAX TMUM DIVERSITY A3 2. FE
MIMNIMUM DIVERSITY D BT G54
PEFODUNDARND Y D29 0,29
FYFRNNFSS 3 F7 QW77
EOUTTABIL ITY Da.37 Gat73
SPFOIFS RICHNESS i.96 180G

=
i..!_.a
Ch
(3]



MONTANA DFPFARYMEMNTY OF FISH AND GAME
BPY FZ200 .1 SRECIFS DIVERSITY AMNALYSIS

HGULY 2, 1976

STATIONT MILFS IV

NURRATR OF SAmD TSI S

SAMP NG PERINNE Ko BFom TE

PERCENT
RANK ABUNGANCE OF TOvYay
i 27 BE 5B
2 14 2065
3 12 1761
4 £ Byf
k& 3 4.3
£ 3 453
# i %
] H et
=3 i Ted
1 H 14
it i 1
TOT AL F 1000
SHANNDON BRILLOUIN
DIVFEFRSIYY 256 2e28
MAXIMUM DIVERSITY Y3, 210
MinImlm DIVERSITY 107 e B8
PEDUNDANTCY 238 G337
EVENNESS D74 T T4
FOUITARILITY (SR N Pean
SRFIIES RICHNESS Zei % 180




REY 2200, 1

MIONT ANA DESARTMENT OF FISH AND GAMF

JULY Ze 1976

STATIONT MILES J17Y
NUMRBEFR OF SAMDPLIRSI 5

SAMDLING PERINDI =B 75

FaRMK ARUNDANCE
H 34
2 iq
3 12
& &
& 2
& i
* H
b2 i
FOT AL 74
SHANNON
DIVERSITY 206
MaX Tmlist DIVFRSITY 200
MINIMUM DIVERSITY DeT2
REDUNDANCY Dabtl
EVENMESS T ebG
FOUITARBILIYTY 0373
SPECIES RICHNFESS 173

ERECIFS DIYESRSITY ANALYSIS

PERCENT
OF TOTAL

ey g
S T I
S B o ®
N R I

]

P A
& e

&

Pt
3
(]
@

jw]

BRILLOUIN

1.87
Pe T4
C.38
D40
068
1e48



MONTANSE NECARTMENY OF FISH aND GAME

REY Z200, 1 SRECIFS DIVEFRSITY AMALYSIS

SJULY 2, 1974

STATIONS MILFS CITY
MUMBER OfF SAMPLERS? F

SAMD NG DERIND: o R T

PERCENTY
B ARK ARUNDANDT OF TOTAL

H 215 EY a4

a2 12t 2.2

ki 106 19,4

& 5o Y95

& L 2.0

& 14 1.8

7 2 1.5

E: = 0.9

7 & 0o7

10 3 B

it 2 TeS

iz 2 Jab

13 2 Tsd

14 i Dal2

15 i 8.2

1% ¥ T

37 3 a2

TOTAL 46 100,0

SHANNTIN BRILLOGUIN

DIVEDSITY 2ed? 2635
MAXIMUM DIVERSTTY 4 5 30 B9
MIMNIMise DIVERSITY Ga31 fe 2T
REGUNDANCY Tebb Dab4
EYERNKMESS T, B T 5Q
FOUIYARILITY D27 e 21
VRFCIES QICHNTSS Zslt s 08




MONT &NA DEPRARTMENY OF FISH &ND GAME
RET 220041 SRFCIFE NDIVERSITY ANALYSIS

JULY 2. 1976

STATIONI GLENDIVE
NUMARER OF SaMpiLERS?S H

SAMPLING PERIOGNS Hom G T

PERCENT
7 A MK ARUMNDANCE OF TOTAL

i T4 538

z 15 12.9

3 = HaG

4 & F a9

= % 24

& ? 1.7

k4 Z 1e?

" 2 17

< i 0.9

TOTAL 116 I00.0

SHANNDON RARILLOUIN

NDIVERSITY 186 1.70
MAX [TMUM DIVFRSEITY 3,17 796
MINMIMUM DIVERSITY Ca.57 a7
REDUNDANCY 050 " e51
FWENMESS D259 DNa.57
EOUITARIL ITY G27 D31
SPFCIES RICHNESS 159 1639
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MONMY AMA DEDAGTMENT OF FISH AND GCAME

SRy PROME SRECIFS DIVEESITY ANALYSIS

GULY 2. 19758

SYATIONS GLENTIVE

NUMRER OF SAMPLERT: 2

SA MDY IMNG DEOINDS Mo G e T

PERCENT
RAMK ABUNDANCE OF TATAL
i z2 48,9
2 11 P4,a
z & 3.3
4 3 £o7
5 2 408
% 1 2e2
TOTAL 4% 100.0
SHANNTN BRILLOUIN
DIVFRSEITY 197 1.732
MAXTMUM DIVERSITY 258 7530
MINTIMUM DIVERSITY G.76 f. 60
AFPUNDANCY D s34 f,.33
FVENNESS 0.75 075
FQUITABILITY 3436 Cab2
SHECIFS BICMNESS 1abl 1e32




MONTANA DEPARTMENT OF FISH AND GAME

REY 2300.1 SEPECIFS DIVFRESITY ANALYSIS

. JULY 2. 1976

STAYTEONS GLEMDIVF
NUMRER 0OF SAMPLFRS] 3

SAMPL ING PERIOCDT Ee=Qu 75

PERCEINT
fr ANK ABUNDANTCE OF TOTAL

i 38 48,2

2 22 25.6

3 i1 12,8

i <1 Fa 3

= & 447

[ z 23

7 i 1e?

TOT AL AS i00.0

SHANNIN BRILLOUIN

DIVFRRTYY Zai3 196
MAN fplis DIVERSITY fef 1 260
MINIMUM DIVFRSITY 5% N.a5
REDUNDANCY T30 30
FVFNNFSS e ThH DL,78
FoUiTABILIYY Ga33% 0 e 30
SRECIFS RICHNFSS 1«80 {57



MUORTANA DEPARYMENY 0OF FISH AND GaMF

RQIPY 2000, SPFCIES DIVERSITY ANALYSIS

JULyY 2., 19376

ST&YIONT GLENDIVE

MUMPBER OF SAMPL ERS? &

SAMPL ITNG PFRICDI Ko Qo TH

PEDTIENT
BARNR ABUNDANCE OF TOTaL
1 &6 51 .3
2 7 G 3
3 F Pe 3
% 5 B a7
& & S5 3
£ & 53
7 2 2o
TOTaAL TH 170 .0
SHANMNON BRI{LDOUIN
MIVERRITY 192 T:7R
MAX IMUM DIVFEFRSITY Fa Bl PaHB
MINTMUM DIVFEFRSITY Cabi D466
REDUNDANCY Catd D.61
EVENNFESS e hH8 D267
FQUITABIL 1YY 031 .36
SRFLIFS RICHNESS 151 137




MIINT ANA DIPARTMENT OF FISH ANMD GAME

neT FA00s1 SGRFCIFS DIVFRSITY aNALYSIS

. JULY 2y 1976

STATIONG GLFNDIVE
NUMRER OF SAMD ERSS G

SAMDL NG PERIONS K o e F

PERCENT
RANK ABUNDANCY OoF TOTAL

1 is 417

g 12 23.3

3 2 B:3

4 7 Se £

57 & 5.6

& H PeB

e H 2-8

TT AL 35 1005

SHAMNMNIN HRILLOUIN

NIVERSITY 2a.10 17
MAX TMUM DIVFRSTTY 2.8 2042
MINTMUM DIVERSITY 108 Q.84
REDUNDANTY Dedd .42
FVFNNESS D75 Ca74
FQUITABILIYY Cadtl .47
SPECIFS RICHRESS 170 1.32

A-171



MIPNTANA DEFARTMFNT OF FISH AND GAMF
BPT 220N .1 SeFCIFS DIVERSTITY ANALYSIS

JULY 2. 19376

SYAT IONG GLENDIVF

NUMAFL OF SamMPRERSI 7

SAMPBLING PFRINANDTI X—0=T5

PERTENT
RANK ABUNDANCE 0F TOTAL

i ia £ 2e 3

e = 4

E =3 100

&4 1 3.3

Y H a3

& H Fs 3

TOYAL e 1003

SHANNMN PRILLOUIN

NIVFRSI Ty 167 o358
MAX IMUM DIVERSITY Pa5R ’ 2eP1
MIMNIMUM DIVEFRSITY 154 Ce BT
RFNDUNDANCY TS50 T e 59
FVENNESS Cah5 LeB3
FQUITARILITY Te 34 e 2R
SPECIES RICHNFESS 133 1,00

A-172



MOINT ANMNA DFEDRADRTMENT MF FISH AND GAMFE

EUAIE B eh § R A | SPFCIES PMIVERSTITY AMALYSIS

JULY P 197A

STATIANT GLENDIVE
MUPMEME T OF SAMDL FRST 7

SAMPY TRMG PFRIOOT P Py g s

PERCENTY
WAMEK ARUNDANCF O TOT AL

i 184 474

& T 19 .8

= S 12,9

& 23 Ba5

=, HES LA

& = Za3

- 2 2ol

& i Da3

ie Ca?

TOT AL Eisl 10C0

S A RNNTN BRILL ODUIN

NMIVFELRITY 2:2% 218
MAX ITMUM DIVERSITY .37 3,23
MINTMUM DIVEOSITY TP Ce20
QEDUNDANCY 035 [
EAENMESS (A2 CLHR
EOUTTARILETY De 2R T30
GUFCIFS RICHNESS 193 1,88

A”E?B



MONTANA DEPARTMENT OF FISH AND GAWF
ROY 220761 SPRECIFS DIVEPSITY ANALYSIS

SJULY 2, 1976

STATION? INTART
NUMBRFD NP SAaMPLERSS i

SAMPLING BPFERINDD H=Dw 75

PERCENT
3 ANK ARUNDANCE OF TOTAL

i 45 2Ra.9

2 38 24.8

3 2 1R 6

4 25 16,0

5 < 5. 8

S £, T8

7 i Dot

= i s hH

) i D6

i i Nef

TOY AL iP5 1000

S A NNTN RRILLOUTN

NIVERSTTY 2o%9 2+ 35
MAXIMUM DIVERSTITY 3.37 EXR L
MINTMUM DIVFRSTTY NaBn Cate P
REDUNDANTY D e20 LaZ29
FYENNF §9 Ca?53 Da 78
FOUITARIL ITY Ne A Ne &
SPECIFS RICHNESS 215 195

A-174



APT PIen .

WIRT ANA NIFSATTMENT

ne

FISH AND GAME

SRECITES DIVERSITY ANALYSIS

STAT IONT INTaKE

SLRY 2. 1GTFA

MUMPBFR NF SAMPLERS S 2

SAMBPL NG SFDION:

e

2 ANK ARUNDANCE
i G
3 S
3 3
4 ?
5 H
# i
7 i
TOIT AL 23
SHANNTIN
DIVERSITY 232
MAXIMUM DIVEDRSTITY Ze81
MINTMUM DIVERSITY 157
DENUNDANTY e 38
EWENNESS LRI B
FOUTTARIL ITY 05
SOFCIES EICHNTSS 180

fi-175

PEROENT
OF TOTAL

®

-
o - S ST
8 L
W G e b

&
[0 B

1790,.0

BRILLOUVIN

187
2.28
gﬁi‘&r
.35
NLAZ
NeB8
o729



MOMNT ARNA DESARTMENT 0OF FISH AND GAMF
ROeY 22071 REFCIFS DIVERSITY ANALYSIS

JULLY 2, 1874

SYaTiONT INTAKE

NUMABER OF SAMPL FRS? A

SAMBL ING PFRIND:  X=9=7S

PFEFRIENT
RANK ARUNDANCF OF TOTAL

1 i 4,9

b i5 #3:4

3 14 155

& / P75

5 H 16

YOV AL &4 ioN.s

SHANNON BRILLDUIN

DIVFRSITY {189 173
MAXITMUM DIVERSITY 237 s ih
MINIVMUM DIVERSITY Dedth Ce37
DEDUNDANCY fe23 0,23
FVYENNFESS N LR a8
FOUITARTILITY 032 C.37
SPFCIFS RICHNESS 158 1386

A-176



It

MONTANA DEDASTMENT OF FISH AND

(G A pME

A-177

27001 SEOFCIFL DIVERSITY AMNALYSIS
JULY 2. 1974
STATIONT INYARKFE
MNUMBEL OF SAMPL FR9l &
SAaMPl ING PFRIMDY W oo Qo F 5
PEICENT
£2 A NK ABUMDANCE 0OF TOTAL
i 26 AR
? % 13:7
E 3 7T
& - a3
) Z B3
TOITAL e 1008
S A NRK TN R il OuUInN
DIVERSITY T e 128
MAK IMUM DIVERSITY 2= 37 2 0%
MEINTMUM DIVERSITY P T,.5%
REDUNDANOY TSy Ca5H1
FYENNESS Cehh Da62
EOUITARILITY 0,29 Me33
SPRFCIES RICHNESS ia21 095



MUOINTANMA DFDATTMI AT OF FIGH AND GAME

RTY o001 SEECITS DIVERSITY ANALYSIS

JIULY Ps 1974

BEATIGMI INTAKE

MUMBEDR OF SAMPDLERST 5

SAMDY ING DERTORD X G 75

DFEROENT
3 ANK ARLINDANCEF 3 YO TAL
H i1 24 .4
= 3 P
3 & 156
4 4 125
& i Za 1
& 1 3.1
7 3 Bael
TOT AL 32 180, 0
SEAMNIN BRILLOUIN
PIVERSITY 2531 1.95
BAX IMUM DIVERSITY 2281 2e A8
MINIMUM DIVFRSITY 118 N e92
REDUNDANCY e 31 De 29
FOVFMNNESS Na82 T eB2
FOUITTARILITY Be45 53
SEFCIFS RICHNTSS 185 Telt?

A-176



MIINT ANA DEPRARTMENT OF FISH AND GAmE
BT 2P0M SPECIFS NIVERSITY ANALYSIS

JULY 2, 19748

SEYATIOMNS INYARF
MUMBEDR OF SAMP 2051 ﬁ

SAMPB ING PERIOCES Ko Gom T 5

PERCENT
RANK ARUNDANCFE OoF  YryTaL

1 G 7 37,5

» L8 5.2

3 22 722

& ¥ e B

&) 4 2ed

# by 15

TOTAL 128 IOD L0

SHANNDN RE{LLNUIN

DIVFNRSITY 1 s9R 1.,R7
MAM THMUM DIVFQSTTY ZeHH el it
MinNITMUM DIVERSITY 0:33 e 27
BFDUNDANCY D27 D27
FYTTMNNE S5 N TA Ne T8
FoUlTARIL (TY D25 o33
SERFCIES RICHNFESS IR0 193



MOMNTANAG TEDRARTMINT 0OF FISH AND GAME

o

DRT 2RG0, SECCTRE DIVERSITY ANALYSIS

GJULLY P 19376

STATYOINT INTARKE

MUMRFR OF SAMPLTRQ] 7

SAMEL ING PERINDT K Gew T E

PERCENT
RANK ARUNDANCT OF THTAL

i 131 G, 7

2 129 2% .3

3 T I VLT

4 H& 196

5 12 27

& 12 27

7 3 a7

= b 0«5

O i Te 2

10 i e ?

it H N e

12 i Tad

173 H e

TOTAL 441 1000

SHANNDN BRILLOUIN

DIVERSITY 237 2 s 30
MAX [MUM DIVERSITY 37D 3 &0
MINIMUM DIVEFESITY 025 0,24
DEOUNDANCY e 3G T 3RG
EVFRNMNTSS Da.54 Defd
FoUITARIL T Yy Ge27 Ne3l
SOECIFES RICHNTF RS 2s 17 199




MOTNT ANA DEDADRYMENY 16 FISH AND GAME
SOFCIFS DIVERSITY ANALYSIS

3 Y i

JULY P 1974

STATYIONT SIONEY

NUMPIER ME S amMbr FRS T i

SAMPL ING DFERIONT Ko T T

PERCENT
RANK ARUNDANCE OF TOTAL
H 1A B0 0
Z e 219
3 4 12:%
I g s 3
) 3 3.1
&, i el
7 H 31
TOT ag 32 1600
SHANNTGN Ao i QUM
DIVERSTTY Ze37 174
MAX TMUM DIVEFRSITY 2Bl 2e 38
MINTMUM DIVESSITY 1197 LS e
REMUNDAMOY Me&D C.44
FYENMESRS e74 D73
COUITABILITY Ted [P g
SPECIFES RIoHNTSS 1afb le2f

A-181



MIOINTANA DEDARTMENTY 0OF FISH anD GAME
BOY ponn SPECIFS NIVERSITY ANALYSIS

JULY P, 1QTA

STATIMNS SY{DNETY
MUIRRER  OF S aMP FRSE g

SAMPL ING BFRINDS X Qe TH

DERCFNT
FARMNK ARUNDANCE OF TOTAL

1 i3 RG 4

2 it 23R

3 & PR

4 2 £ad

) H T

TOTAL 3= 100

SHANNTN RRILLOUIN

DIVERSITY 197 1655
MAX TMUM DIVERSITY P e Za0R
MINMIMUM DIVEESTTY e TR e &0
QENUNDANTY TeZ27 N 2&
EENNE S TR T a81
FRulTapiy 1Yy Ce 37 Tebd
SPELIFS RICHNESS 1am™% 121

A-102



MONT ANA DFPFABRTYTMIONT OF FISH AND GaMF
RT 22001 SEREOIFR DIVEOSITY ANALY SIS

JULY Pe 1974

ST AT IONT SITONEY
BUMIE D F SAMDL FRS] 3

SAMPBL NG BTRIART X-9-T5

DEQrENT
AN ABUNDANCT OF  TO1T AL

1 28 4142

14 21 302

A 7 T3

&4 = b

& A NS

) = Ze®

F i 145

2 H 15

THT AL ~ 8 I00. 0

SHANNMN BRI QUIN

NMIVFRSITY =R 197
MAY TMUM DIVERSITY A0 Pa 72
MINTMUM DIVERSITY G777 Naeh2
REDUNDANTY 0. 36 Ce 3R
EYWENNESS T3 72
TOUITARBIL I TY e 36 T a2
SNECIFS RICHNFSS 1873 1«55



MOINTANA DEPARTMENT 0OF FISH AND GAME

ROT 22330 1 SRECITS DIVEFRSITY ANALYSIS

JULY 2. 1976

STATIONI STDNTY

NUMRER MNF SAMPL 053 4

SAMDLING PERINNI  Xw0-75

PEROFNT
TANK ATVUNDANCF 0F YOTAL
1 25 A
' 17 *?5:4
E 10 16,9
4 b 119
= 3 445
# A 4.5
X4 i 145
YOT AL ~7 10D, 0
CTHANNMON ARTLLOUIN
NMIVERSTTY 2e 30 Z.09
MAX TmijM DIVERS[TY a1 255
MINIMUM NDIVERSITY D aH7 054
PEOUNTDANCY D28 De?23
FVENNFEFSS DeR2 Ca82
FoUITARILIYY Na3R 0,45
SPFCIFS RICHNESS 1.92 164

A-184



MIOINTANA DERARYMENT MF FISH AND GaMp

ROT 22300 .1 SPEECITE DIVERSITY ANALYSIS

. UL Y P, 1975

STATINNG STONFEY
NUMARER MF SAMPLERS: &5

SAMPL TMG DFRINADY XwOw TS

RPERCEMNT
£2 B NK EFUNDANCE OF TOYAL

i 24 B .5

> 24 T Fe P

X 14 e 5

4 il Tel

" @ Pe 7

~ 2 Teb

7 4 i =4

# 2 ek

] el 1a4%

{0 H De¥

1% i 0.7

iz H T 7

TOT AL 4% LR LIPS

SHANNON BRILLOUIN

DIVERSI{ Ty el d 155
MAX [MUM DIVFEFRSTITY A58 A. 36
MINIMUM DIVERSITY T eB4 T 53
DEDUNDANCY T a5 AN
FVENNFSS TG e DR
FOUITARILITY Te2T Ds34
SPEFCIES §ICHMNFLS 1237 182



MOIRMY ANG NEDABTMENTY NF FISH AND GAME

PESR I SEFCIFRS DUTVESSTYY ANALYSIS

ey

"

JULY 2. 1B7H

STAY 10N SINNDY

NUMBER OF SAMD 057 #

SAMPL [NG PrRinng W td e 75

BFEQCENT

FAMNK ARBUNDANCFE OF 707 &g,

i 19 KRS

ot i RIS

E & 11e5

4 &4 Fe7

5 & 2.8

& i AR

7 i 1.9

o] 1 9

< i 1.9

TOT AL =7 INT .0

SHANNORN BRI LOUIN

MIVEDSITY 237 2 5153
MAX MU DIVEQSTTY 387 P T
MINIMUM DTVERSITY 108 (s BFE
REDUNDANTDY e 37 T R7
FYFNNESS DeT7H Na75
FOUITARIL ETY D% N 4B
SOFCIFS RICHNFSS 197 1261

A-186



MOMNT ANA NFPARTMENT M F IS AND SAME
ZP0 e 1 SRECIFS DIVYFQSTTY ANALYSITS
JuLy 2, 19748
STAYT INONI SIDNFY
MNUIMAFR MF SAaMD] Fogse 7
SAamMD [ NG PERINONR: e
BEDRCENMT
7 ANY ARUNDTIANCE fYF TOT AL
1 175 4358
2 10& FELS
4 20 Tai
= 24 & T2
2% T3 ?e?
r = 2
a 5 T
< x a7
13 2 Te D
ii 2 e 5
12 H T
i3 i Va2
TOYT AL 400 [ RAE
SHAMNTIN BEILLOUVIN
DIVFRSGSETY ?s 30 Zerh
MAY TMUM DIVFRSITY A, FN EI
MINIMUM NIVEFRSITY %237 .28
OUINDAND Y D el Ceal
FYE NN GG TR e P2
FOQUITARIL I TY Te27 (SR |
SOECIFS RICHNT S8 2e7 194



MOINT ANA DEDARTMENT NF FiSm AND GaME

EESL S S B E AN AN SPECIFS DIVFRSTITY ANALY SIS

JULY 2o 1975

SYTAT IONI TRWIN SRPRINGS

MUMBER OF  SamMp FRS T 1

SAMPLING PERINOT X[=? =75

PERCENT
BANK ARUGNDANCF OF TOiYy ag

H 190 KRS

2 132 225

1 a3 RIS

4 4G D8

= 5 7y

# R 1a#

ke L fa2

7 4 ~e R

s = e b

{N 2 De b

11 bl Ttk

12 z Cud

i3 2 Dos &

14 i 0o

15 i Ne?

TRYAL ROO 1000

SHANNDON RETLLOUIM

MIVERSETY P PR 1
MAXTMUM DIVERATTY 271 LR te
MIsEIMUM DIVERSITY T ePG Ne 2%
REDUNDANCY Y5 T .39
EWENMNESS ™e &R O.62
EOUITARIL 1YY Ty 2R N EZ
COFCIFS RICHNESS 2e2T Pe DR

A-188



MONT ANA DFDARYMENTY OF FISH AND GAME

oY 230761 SEBEOIDS NIVERSITY ANALYSIS

JULY 25 1975

SYAT TONT CORWIN S2RINGS
NUMASIFR OF SAMPLFEFRSS 4

SAMPL ING PFRINDS XI=?=F5

PERCENT

TANK ARUNDANCE F TO7T AL

H 1373 13,8

2 91 23.2

3 56 142

4 4 1262

5 30 7.6

3 LA 41

kg 7 1.8

g 2 T.5

g 2 NeS

1n ? 2.5

11 2 N5

12 i N3

13 1 "3

14 1 0,3

15 1 "3

TRTag 393 107,08

SHANNIN PRILLOUIN

NIVFRSETY 2.561 2.52
MAXTMUM DIVERSTITY T, 2,78
MINIMUM DIVFRSTITY €. 3R .31
REDUNDANCY 0,37 Ne36
FVENNESS DehR7 nLB7
EOUITARTL 1Ty e 3N " 35
SPFCIFS RICHNESS 2.30 217



MOITNT ANA DEPARYMENT OF FISH AND GAMF
QYT oaan g SEPECIES DRIVFRSITY ANALYSIS

SJULY 25 197™H

STaAaT IONT CORWIN SPRINGS

MUMRER OF SAMDLERS: 3

SAMPLING PFRINNI  X[=7«75

PERCOENTY
RANK ARUNDANCF OF  TMTAL

1 125 254

= 118 G0

3 75 1% .7

4 513 120

= &7 =S

! 21 4.3

7 20 Aa i

7 = 10

e = 17

in 4 Cs9

L 4 T8

12 32 Db

i3 2 Do b

14 z Ds 8

1% 1 5.2

16 1 Ce?2

TOTAL 45092 (000

SEHANNDTIN BRILLOUIN

DIVERIITY 28R 27
MAXTMUM DIVFRSITY b o 7Y EFR-L=
MINTHMUM DIVEFRSITY D32 De 27
BFEDUNDANCY 2 e31 2 e 30
FVFNNFSS G722 DNe?2
FOUTTARILITY T332 D37
SPTCIES RICHNFESS PaB5 2a62

A-190



MONTANA DERABRTMENT OF FISH AND GAME

BT 20001 SRECIFS NIVERSITY ANALYSIS

. JULY Pe 1974

STAYT 1ONG ChRw N SPRINGS
NUMAER NOF SaAMPLERGT 4

SAMP ITNG PER2INDS KIw7 =75

PERCFENT
WANK ARUNDANCE OF TOTAL
1 B3 56,0
o i B 171
3 a4 8.3
& 48 &g b
5 ELs; P8
I 24 2a 2
7 21 19
b2 1o et
o = De B
i % Tal
11 4 Na 4
1z 2 Mo 2
13 z Te?
14 2 B2
15 pe] Ne?
1% i Nat
17 i Del
TOT AL 16580 100,90
SHANNIN BRILLOUIN
PIVFEPSITY el 137
MAXT MU DIVERSITY 4,09 4,303
MINIMUM DIVERSTTY Ds17 Tel15
DEOUNDANCY "a5H3 CeB3
EVENNESS D473 Qa4 G
FouiTanI: 1Ty D20 N,23
SPRFCIFS RICHNFSS 181 174



MONTANA DFDALTMENT OF FISH AND GAME
[T ST R N W | SPRECIES DIVYIESITY ANALYSIS

JULY 24 1975

s . STATION:D CNRWIN SPRINGS
MUPMARFR OF SaMPL &S] =

SAMPEL ING PEFRIMNNDS XV ~F7=7H

PERCENT
RANK ARUNDANCE OF TOTAL
i QGa G401
K ? 507 2re B
1 281 11.4
4 2850 1ret
5 175 7ol
% 74 2,0
7 a1 245
8 an 1.2
o 17 Ce7?
10 13 Nes
g 11 12 0a5
12 11 Dad
13 10 Db
14 S Dot
lc‘.‘, & Oiu?
16 4 Na7
.o 17 4 Ne?
18 3 Tt
10 3 £at
20 3 Dol
21 2 2el
2> 1 ~en
73 1 0.0
24 1 e
TOTAL 2475 1300
SHAMNNDN AR ILLOUIN
N NIVERSITY ?.64 2.61
e MAX {MUM DIVERSITY 4.58 4:58
o MINIMUM DIVERSITY 0a1? Lol
S REDUNDANCY 6ok 3 D43
V- FVINNESS fL.5A 0.58
o FOUTTABTL ITY .23 .27
SPFCIES FICHNTSS 2a81 22 3%



MONT anNA DFPARTMFNT OF FISH AND GAME

Ry 220061 SPECIFS DIVEFRSITY ANALYSIS

. JULY 2. 13768

|SYTAYTION? LIVINGSTON
NUMAaFR NF SAMPLSYRSI i

SAMPLING PERIODNT X{~-7-75

PERCENT
LAMK ARUNDANCF OF TOTAL
i 201 35 .6
o an 15: G
3 a3 14.7
4 74 1321
5 0 5.3
£ 28 S W0
7 i8 e
=2 10 t8
3 o I8
in 7 1e?
11 A ie1
12 2 05
13 ey Caed
14 2 Tet
i5 i Dl
1A g Ce?
TOTAL SRS 10N .0
SHANNON BRILLOUIN
DIVFRSITY ZeR2 274
MAX IMUM DIVIERSITY 4 .00 a0
MINTMUM DIVERSITY G228 Ga 24
REPDUNDANCY D37 0. 32
EVENNESS D72 ™ e TL
FOUITTARIL IYY .31 Ce 3%
SPECIFS RICHNFSS 2s51 2a 3R

A-193



MONTANA DERPARTHMENY MF FISH aAND G AaME

PEOM, Y GERECIFS DIVERSITY ANALYSIS

JULY 2 18378

BTYTATION? LIVINGSTON

NUMATR OF SAMPLERS? >

SAMPL ING PERINDRT

RANK

WD T B N R N B g e

b pen B3 g

TOTAL

DIVFERSITY

Mad TMUM DIVERSITY
MINIMUM DIVERSITY
REDUNDANCY
FYTNNFSS
FOLFITARILITY

IV IES DIOHNESS

Kiw7=T75

ADUNDANCE

212
iz
ard
s
is
11
£

wa e DB}y R

47 &

SHANNMDN

Pel13
B 7
G256
S abt
e BT
N e 25

1973

PERCENT
OF TOTAL

4dg 7
?Ehats
1R P
3e 2
3!2
2.3
3¢ 3
i1al

fe)

A

RRILLOUIN




ey

ROT

MONTANA DEPRPARTMENT MNF FISK AND GAwE
2P0N 1 SPFCIFSS NDIVERQSTITY ANALYSIS
JULLY P2 1976
SYATIONS LIVINGSTON
NUMPBFR OF SAMD_ERS: =
SAMD ING PFRIND:T X{=7-75%
PEDCENT
2 ANK ADBUNDANCE OF TOoTaL
i 157 I 4
2 G6 2721
3 A1 The?
4 57 122
% 14 P
) i ZeH
7 ol 19
% 7 16
2] ) 1.2
10 & Ga®
it 4 0
iz 3 0.7
13 2 05
14 5 Dae2
15 1 Na?
15 i Da2
s H Na2
12 i De 2
19 1 Ga?
TOT AL 431 100.0
SHANNDON BRILLOUIN
NIVFEFRSITY 267 2:59
MAX TMUM DIVERSITY 4:25 4. 10
MINIMUM DIVFRSTTY 0O 472 04 3¢
PEDUNDANCY Deb} Catl
FVFNNERS Q&3 MeHX
FOUTTARILIYY Ne31 Cs35
TRFC{FES RICHNTSS 2=3R Pa 2

A-195



MONTANA DESCARTMENT OF FISH AND GAME
0T 2207 ,1 SRFCIES DIVERSITY ANALYSIS

JUHLY 2. 1874

SGTATINONG LIVINMGSYOM

NUMAFR OF SamMPL FRSS 4

BAMPL NG PERINDS H~T=T5H

PERCENT
BANK ARUNDANTE OF TOTAL
i 421 51 .0
rd 2243 P15
3 113 P10
& A0 s A
= 34 LA |
A ET e H
¥ AL ?e3
A 29 CIPg S
2] 24 Ze 3
1= 14 1eb
i1 3 173
i2 7 Oa.7
i3 ) Co®
4 3 0,3
15 2 Ded
HE z N2
17 2 Vel
iR i Tel
TOTAL 1026 1IN0
SHANMMON REILLOUIN
DIVERSITY Pe7 PHA
MAX ITMUM DIVFLSTTY 417 416G
MINIMUM DIVEESTYY Cel® De17
CEDUNDANOY 1,37 Ne37
EVENNFESS 65 0.65
FOUITARTIL ITY TSel? Cae31
RRFCIES RPICHMNERS Ery-Y:! 2s 35

A-196



MONT ANA DFPARTMENTY OF FISH AND GAME

WOY D3P0 L1 SPECIFS DIVERSTTY ANALYSIS

. JULY Zs 1976

STAYT IONS LIVINGSTON
NUMRBFEFR NF SAMPLERSS S

BAMDL [NG DRI =T =75

PERCENT
= ANK ARUNDANCE OF TOTAL
' 732 79,3
> £R3 DT ot
e 434 17,8
4 154 o2
5 130 =,2
A a5 3.4
7 50 2.
] &0 2.0
3 a2 1.7
10 10 16
11 =0 1.2
12 15 0.6
13 1n D.n
14 o A
15 5 0.2
16 =2 el
17 3 21
18 3 Bt
19 3 0ot
25 2 Nl
21 2 fat
22 t )
23 1 ~an
TOTAL 2496 100.0
S A NN RRTLL CUIN
SIVERSITY 2eR1 P.TE
MAXTIMUM DIVERS]TY 4,52 4,48
MINTMUM DIVERSTTY .11 motn
PEOUNDANCY 0,30 N, 30
FVENNE §S Le6? Meh?
FOUTTABIL ITY ra25 n.28
. CEOFCEES RICHNTSS 2 55 2.50

A-197



MIONT ANA DEPARTMENT MF FISH AND GAME
WY 2ann 1 TDREC TS DIVERSITY AMALYSIS

JULY 2, 1976

STATIONT MIgE<S CT7TY

NiiMRER (GF SAMPLF 252 H

TAMDE [NG PFRIMDI X{=-10-75

RPERCENT
2 A NK ARUNDANCE OF TOYAL

1 49 SZe

2 z22 23.4

3 15 16,0

4 2 362

“ 7 Za1

A 1 1ot

K ? ’;qi

2 H Pel

TOTaAL S4 1200

SHANNMON ARILLOUIN

NIVFRSITY {183 1,73
MAX TMUM DIVERSTTY 20D 278
MINIMUM DIVERSITY T .57 fets 8
BFDUNDANCY Dad 5 [SJPY &
EVINNFESS I ] Q.62
FQUIITARILITY T 2T 0,324
SPRFCIES PICHNTSS 1.0 140
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MOINMT ANA DEFDRARTMENT 0OF FISH AND GAME

WY PN, ERFCIFS RIVERSTTY ANALYSIS

. JULY 2, 1975

STAT INON2 MILES 1Ty
NUMARER OF SAMPLERPS ?

SAMPYL NG DPERIND? ¥]-10N-75

PEDCENT
2 ANK ARUNDANCE OF TOTAL
1 45 £1 .5
? 2% 27 .4
3 3 C |
4 ? E
s 1 1.6
£ 1 1et
7 1 1e4
LERRAY-I 0 73 (SRl s
SHANNTN AR ILLOUIN
PIVERSTITY 1e53 1e37
MAX TMUM PEVERSITY 2a81 2,58
MINIMUM DIVERSTITY 0.A2 650
BEDUNDANC Y 857 r.se
EVENNESS n.S54 0.53
FOUTTARILITY L C.28
SPFCIES RICHNFSS 129 100

A-19%



MAOMYTANA DEPARTMENT OF FISH AND GAME

LR [ER- Yok a R | SEFCIFS NDIVFEFRSTTY ANALYSES

JULY 2. 1974

SYATIANT MILFS 17Ty

NUMBERER 0F SaMb TR5%12 3

SAMDL NG PFRIODS LAk AR

PEQCTNT

W AN K ARUNDANCE OF TOTAL
t »3 £O,7
- & 12s1
kS % @,
&4 z Sl
5 i 3.0
TOATAL 33 100,73
SHANNTIN BRILLOUIN
NIVFEFReSITY T .44 ie21
MAX ITMUM DIVIRSTTY 232 P03
MINTMUM DTVYVERSTTY nLTR nLAD
PEDUNDANCY 057 e B7
CYENNESS NeH2 TaBL
cOUITARIL IYY 0,29 Me 33
SPECIES RICHNFSS 116 0,89
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MONTANA DEDPARTMENT OF FISH AND GAME
eEa S B R o s N | SOFCIFS ODIVEFRSTTY ANALYSIS

JULY 2y 1976

STATITONS MILES CITy
NUIMARER NF SAMDRLTRSS 4

SAMPLING PERINN Xf=inN-75

PERCENT
RANK ARUNDANCF n0F TOTAL
1 47 4341
2 40 T, 7
3 a A3
a = 4.6
5 4 2.7
A 2 1.9
7 1 P
8 1 2.9
T3OT AL 179 170.0
SHANNIN AR TLLOUIN
PIVERSTITY 1e3FH 181
MAX TMUM DIVERSITY 3,00 2.91
MINTMUM DIVERSITY n.52 Det3
BIEDUNDANOCY Da42 .42
EVENNESS 0 .65 065
EOUTTARTLITY 0.29 2.4
TPFCIES PICHNESS 167 1,48
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MONTANA DERPARPTMINT OF FISH AND GAME

YT PR, [RECITS DIVFRSITY ANALYSIS

JULY 2. 1975

STAYIONT MILFS CITY

NUMBER OF SAMDL RS =

SAMP ING PERINDT X{=-1N=-73

PERIENY
AN AFUNDANCE DF TOoTaAL
1 32 7t et
el a 3?‘-96
4 el G ol
~ H el
TOTAL 4= S EAR SIS
SHANNTIN RRILLNDUIN
NIVED ST TY 81 P21
MAX EMUM NDIVERSITY 2519 Ze 30
MINIMUY DIVEFRSITY Da75H RIS ST o
QFENONDANCY Me5é AP T
FVENNFSS 0.5% De52
EMMIITARTY TTY Dedh e 29
SRFCIFS RIOCHNFE &S IelS TaS2
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MONT ANA NEDARTMENT OF FISH AND GAME

Rt Boasn SPECIFS DIVFRSITY ANALYSIS

. JULY 2, 1976

SIATTIONT MILES CITY
NUMBER OF SAMPL ERPSE &

TAMBL ING PERINDT  Xi-10-75

PERCENT
oANK ARBUNDANCE OF TNT AL

i 29 LR,

d 17 P70

3 b Ta®

4 ‘3- f?ows

S 4 £ 3

) a 63

TOTAL 67 im0,

GHARNNTIN REILLOUIN

NMIVERSITY 207 1,88
MAX FMUM DIVERSITY 253 736
MIMNIMUM DYIYFRSITY N.58 .47
REDUNDANMCY Pe2f 0,26
EVENNESS GeBD e T7T9
FOUITARIL I7Y 3% Nebl
SDECIFS QITHNDSS 177 1,47
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MONT ANA DEPARTMENT 0OF FISH AND GAME
anT poarn CPEr1ES NIVERSITY ANALYSIS

JULY 2, 19T7H

STAT [N MILFS 17y
NMUMRED NOF SAMPE PRSI 7

SAMDE ING BFRIOGDY X{=-10~75

PERCENT

RANK ARUNDANCFE 0F YOTAL

1 225 4.0

2 GR 23,5

3 %9 9.1

4 2A Fiy?

= 0 et

é # 1e4

7 4 1.0

2 4 1.0

9 o 05

10 H N2

11 1 De?

12 1 Na2

13 1 Ne?

TOTAL 417 10,0

SHANNDON ' AR TLLOUIN

DIVEFRSITY 2.0N0 1,93
MAX IMUM DIVERSITY 3,79 2,80
MINIMUM DIVERSITY 0.29 2.25
DEDUNDANC Y 250 Iy
FVENNESS na54 fL.54
FOIBITARTL I Ty D a2 T e27
SRECIFS RICHNFESS 177 1:HA7
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MONTANA DFPADRTMENT OF FISH AND GAMFE

FOVT 2 ENAA L SPECIFS DIVERSTITY AMALYSIS

. JILY 2. 197A

SY LTINS GLFNDEIVE
NUMBRE R OF SAmMPLERSI H

STAMPL NG PRI XK{~310~73

PEROENT
2AanE ABRUNDANCE OF  TOYAL

i 3(" Af”“zi‘?’

> § & B L5

3 2 2. 6

4 i iog

) i {5

- 1 18

TTAL s 1700

S ANNTN BOILLOUIN

I YERRITY 14 3% 123
MAX TMUM DIVERSITY ? W59 236
MINIMUM DIVERSITY 0.H% .52
QFDUNDANCY D uh? NebH1
FATNNESS T e54 NP
FGUITABRTL ITY B ad . 28
QUECIFES R CHMNTSS 115 .65
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MONTANA DERARTMENT NF FLSH AND GAME
ABT 2200, 1 SOFCITS NDIVORSTTY ANALYSIS

JULY 2. 1976

STAT ION GLEMDIVE
MUMBFER OF  SAMPDLERSI 2

TAMPL TNG DPERIODT Xim iD= T5

PERCFNT
524 MNE ARUNDANCE 0OF TOTAL

H 395 T D

2 S 276

3 i 17

4 1 1.7

5 i 17

TOIY AL 8 P00, 0

SHANNTIN ARILLOUIN

NIVFRSTTY .20 177
MAX ITMIIM DIVFESTITY 2. 37 PL 13
MINIMIM DIVEOSSTTY £ eS0 e B0
T OPNDANC Y DaH CaHh1
FyinNNESS [ 2,50
FOUITARTILITY Lol N eDh
CREE IS RICHNERS f0M G.R3
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MORNTANA DEDARYMEONY MNP FISH AND GAME

Y pnon g ' SOFCIFS NIVERSITY amaLyYSISs

. SULY 2. 197A

ETATIONT GLEND T VE
NUMRFR MY SAMPLERSS 3

SAMIY TNG RPFRION? X{=-t10-75

DERCEMTYT
DANK ABUNDANCE OF TOTAL

1 .96 LR IS

P 32 A, 2

3 ik 1%.1

4 12 11.3

e &= 457

6 & EESs

7 i [ Js

= i TG

] H Na2

in H T3

THT AL 106 1270

SHANMON B YL GUIN

NIVEFREITY 2o 5 2a2€
MAX IMUM DIVERSITY 3,32 R.DE
MINTMUM DIWEDRSITY OaR3 TeB7
DEFOUNDANCY Ne33 Te 32
FVE NNFSS T a74 ™ e 7Tl
FAUuITTARTIL T YY e 36 G ap
SPFCIFS BICHNESS 2.3 1e B4
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MEOINT an A DEDARTMENT MF F IS AND GAME
WY 3000 .8 2erCIrs DIVERSITY ANA.LVSE‘?,

JULY 2, 1975

BTATIONS GUFRD T e
NUMAEDR OfF SAaMPR RS &

SAMBLIMNG PERINMNDE Al =i 075

PERCENT
WANK ARUNDANCEF OF  TOTAL
H = Q.4
2 i5 PN 8
3 3 G g2
4 M 2 s 8
5 H 124
A ;] fad
TOIT AL T2 1900
SHARNNTIN BRILLOUIN
DIVFEERSITY 134 20
MAX TMUM DIVERSTITY ZaRR 2o 3G
MINTMIM DIVEOSTTY NeH3 Ne& 3R
REDUNDANCY D60 Qe HO
TVIRNFESS D eS2 2,50
ENUTIYTARTLITY T2 7 D25
SEFCIFES RTICHNFSS 113 1. O¥
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MANTANA NEPARTMENT OF FISH AND GAME
RCARS I SEPFCIES DIVFRSITY ANALYSES

JULY 2 19768

STATINONT L E MDD TV
NUMAFEFR OF SAMPLERSI S

SAMDY ING PFRINCD?T Ri=-10-75

. PERCENY
2 ANK ARUNDANCE OF TOTAL

b TR B8 .9

» 7 .2

3 2 2.4

4 i 1.2

= 1 1e2

& i te?

YT AL 25 1000

SHANNTN RE L NUIN

NEVERSITY T84 Ge73
MAX TMUM DIVERSITY 2e553 2a6 1
MINIMUM DIVFRSITY D.46 Ca37
RENDUNDANCY OeB7 0L.a2
FYENNESS De372 Qe 30
FOUITARTLITY Tei3 Te15
SRFCIES RICHNISS D71 Na59
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MONTANA DERPARTMEFNT OF FISH AND GAME

20T 2200, SPrC{Fs DIVERSITY ANALYSIS

JULY 2, 1975

STAT IONZ GLEMDIVE

MUIMERELR M7 SAMPBFRSY #

SAMERL ITNG DFERIMDE XI-10-75

PERCENT
RANYK ABUNDANCF OF TNTAL
H 78 41.5
? 43 22,9
ki 41 218
4 19 5.3
5 7 3.7
£ & 3.2
7 1 £S5
" 1 0.5
% 1 0.5
TOTAL 188 1000
SHANNIN ARILLOUIN
NIVERSITY 2e17 2,07
MAX IMUM DIVERSITY 3417 3,03
MINIMUM DIVERSITY D439 0.32
REDUNDANC Y 0.35 " 36
FVENNESS LabQ PBR
EOULTARILITY Ge27 Ne s
SPFCIFES RICHNESS 139 173
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MONTANA DEDRARTMENT NF FISH AND GAME

TFOY 2200.1 SPECIFS MIVERSITY ANALYSHRIS

. JULY 2. 10758

STATIONT GLFENDIVFE
MUMAER OF SAMPLERS? 7

SAMDLING PERIOGDT KI—-j"~78

PEQCENT
2 ANK ABUNDANCE OF TOY AL

H 2713 aFe

2 116 Phab

3 111 197

& 2 25

5 §7 R0

£ 15 e T

7 3 0.5

= 2 Dath

< 4 Ce 4

i ¥ T.2

i1 i D2

12 i Se P

12 i 0.2

14 i Nl

15 1 TDe2

1 & H Da2

TOTAL BHG 100.0

SHANNTN B L LOUTN

NIVERSITY Zell 205
MAXY TMUM DIVERSITY 4370 s 90
MINIMUM DIVERSITY D29 ANl
BEOUNDANCY 2:51 Te5%
FVENMNESS T e 53 ]
ENUITARTLITY De2% D7
SRECIERS RICHMNTSS o83 178
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RONTANA DEPARTMENT NF FISH AND GAME
RET PE0M e [RFCIES MIVERSITY ANALYSIS

JULY 26 1976

SYATIONT INTAK®
MNUMBFR OF SamMB_ RS i

SAMPLING PFRIODI K{~-31~79%

CERCINT
PANK ARUNDANCEF OF YOTYAL
H 21 5573
2 & {5 R
3 4 105
4 3 T @
5 P 5e 3
s} i Pt
7 H 2.6
TOTY AL 3R 17507
S HANNON BRILLOUIN
DIVERSITY P07 1472
MAX TMUM DIVERSTTY Zaf1 Pet3
MENTIMUM DIVERSITY 1008 PR
HEPDUNDANCY Oo44 Netbd
TVENMESS LT 2 D |
FOYITTARIL I TY De 39 eG4
SPPCIFS RICHNFEFSS 164 1728
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MONT ANA DEPARTMENT OF FISM aAND GaAaME
AOT ponn L1 QPreIirg NIVERSITITY ANALYSIS

JIAY 2, 1978

SYATION? INTAKE
NUMAF R OF SAmMPB FRSS 2

SAmMPL ING PERICDS Xi—-11-75

PERCENT
B aNK ARMUNDANCE OF TRTAL

1 2 SR, 7

2 i3 1% &

3 4 £ e G

4 = 4 a5

5 2 Bal

A Z 3.0

7 H 15

g } 305

it i 1%

in H 1.5

TOTAL ~T 1IN0 ,0

SHANNON BRILLOUIN

PIVERSITY 2.2 177
MAX T MUM DIVORSITY 3,32 2298
MINTMUM NIVYERSITY 107 "B
R PDINDANCY N eBA e 86
EAE NNE SS Taekl 0BG
FERUITARTL ITY "33 0 3R
SRECIES RICHNESS 1673 1. 39
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MONT ANA DFPARTMIFNY MNF FISH AND GAME
el Rala B SRECIES DIVERSITY ANALYSES

JULY 7. 1976

[YTATIONG INTAKE
MUMBEDR NOF SAMBLERS? E

SAMBL NG PERINDT XI-ii=75%

PERCENT
BANK ARUNDANCE OF TOTAL

1 20 £4,.5

2 7 225

3 2 9.7

4 1 1,2

TOTAL 31 10040

SHARNNIIN ARILLOUIN

DIVERSITY 137 1.18
MAXTMUM DIVERSITY 7.C7 176
MINIMUM NIVERSTTY Q.61 a7
DEDUNDANCY n.as m e bS
EVFNNFESS e D67
FOUITABILITY n.2s 0,33
SOECIFS PICHNESS 117 C.86
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MONT ANA NFRARTMENT DOF FISH AND GAaMFE

RGBT P20 .Y SPECIFS NDIVERSITY ANALYSIS

. JULY 2, 1278

SYATIDNG INTARF
NUMREDR NF SAMPLERSS 4

SAMBLING PFRIND:  XI-131-7%

PEQCENT
ANK ARUNDAMCE OF TOTAL
i 23 20,0
2 12 2Hal
2 = 109
3 K] £ 5
5 1 2.2
[} 1 22
‘? i 2.?
TOYAL a4 & 1000
S A RNNDOR BrRILLOUIN
MIVERSITY 197 1,72
MAXY TMUM DIVFRSITY 2.1 P 4 F
MINTMUM DIVEQSITY CL,a9n D.7T1
DFDUNDANCY C.84 0473
FVENNESS N 7T D69
FOUlTARILITY Te3A T e f
SOECIES RICHNFSS 161 i.31
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MONTANA DEPARTMENT NF FISH AND GAME
20T 2a0n .1 SPECIFS DIVFRSITY ANALYSIS

JIH.Y 24 1676

STATIONT INTAKE
WUMRER OF SAMDLEFRS: 5

SAMPL ING DPFRIOCDI XKI-11-7%

PERCENT
7 ANK ARUNDANTF 0% TOTAL

H ) FTE

» H 125

3 1 1205

THT AL = 1003

SHAMNDN BRILLOUVIN

NIVFRSTITY 136 DeT3R
MAX MM DIVIRSITY 158 1«14
MINMNIMUM DIVERSITY HESA L) .73
REMUNDANCY P 1 .00
FVFRNNESS QeHn 7 Daf4
FOUITARILIYY T e 35 .38
SPFECEIFES RICHNESS N7l De 35
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MONTANA DEPARYRMENTY OF FISH AND GAMF

AL St A N SPECIFS NDIVFERSITY ANAL YSIS

. JULY 2, 1975

STATIONS INTAKE
NUIMARFR OF SAMPL FRS? &

TAMDYE ING PERIODI X{=i11=~75

PERCENT
RANK ABRUNDAMNTE GF YOTAL
H 24 A2, 6
2 12 Z1+R
2 2 14,5
&4 & 10.9
5 4 % e B
5} i 18
7 3 1R
A i i+ 7
TOY AL 5% {700
SHANNOMN BREILLOUIN
NPDIVFESITY 2.24 199
MAX TMUM OIVEDRSTYY PR R 2a6R
MINIMIM DIVERSITY PR 073
REDUNDANCY T e3H 0. 35
EVENNESS D75 Ll
FOUITARTLITY 3,39 049
SPEFCEIES RPICHNESRS 1858 1«54
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MONTANA DEPARTYTMENT OF FISH AND GAME
2T 20N CpECIES NIVEDSTTY AMALYSIS

JULY 2. 17376

SY AT (NI IMTAYE

MNUPMTFR NF SAMP RS 7

SAMPLING PRRINDT Xi{=ii=75

RPERCENT
R AN ARUNDANCE OF TOTAL

H a7 B, B

2 Fa PF el

3 26 10s6

& 28 | He68

& &4 Re2

3 £ P e

7 =5 Pe (3

s 3 17

= 3 1.2

[ i Ga%

i3 i Ta4

T AL 245 100,08

SHANNON BRILLOUIN

NIVERSITY Pl 2.73%
MpX MM DIVERSITY Rl Be B2
MINEIMUM DIVERSITYY 0.33 Oe 22
DFEDUNDANCY NL.37 Ca322
FVRENNESS t.71 071
FAuiTARILITY Te31 2. 38
CORFCIES DICHNFESS Pe 1B 1: 9%
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MONTANA DEPARTMFENT OF FISH AND GAME

ROY 250N, SPFCIFS NDIVERSTITY ANALYSIS

. JULY 29 1976

STATIONG SIDNTY
NUMEBFR NF SAMD FRS: i

SAMBL (NG PERINDT X el i=7®

PERCFNT
RANK APRUNDANTE 0F TOT AL
1 187 QELS
> = P e
3 i Ta b
YOITAL 173 1000
SHANNTN PRILLOUIN
NIVFRSITY NDelb De?2
MAX TMUM DIVEFORSTTY 1+BR 1e54
MINIMUM DIVERSITY C L1 .00
BEDUNDANCY A= | S aGt
FAVENNFSS J3285 Neid
FOUITARIL ITY Mol 3 AP 2.}
LARECIRFS RICHNFSS N2t Na18

A-219



MOINT ANA DUSARTMENT OF FISH AND GAME
mTt Pl g SEECIFS NIVFRISTITY ANALYSIS

JULY 2% 1374

SYATION SIONTY

NUMBRER MF SAMPLFRS 2

SAMDING BEQINDI Kiwmli~-7%

PERCENT
2 AMKE BRUNDANTF OF TOT AL

§ 43 £, 5

e 1 15 %

E ) Be®

4 = 7ol

% 3 &y 2

A Z a3

7 i i24

TOT AL 7 10Me D

SHANMNIINM ARILLDUIN

MIVIRSITY 185 1 HF
AR [MUM DIVIRPSITY 2.1 2a 57
MY MNIMIU® DIVESSITY T b4 B8R
REDUNDANCY Naah [oIP . §
FUYFNNFRSS T ehB GBS
FoOUITARILITY e 3N T e 35
TRECIES DIOHNNTFLS 1,55 1s3%
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MONTANA DEPARTMENT 0OF FISH AND GAME

RET PR00 .1 CPECIES BIVERSITY ANALYSIS
. JULY 2, 1975

STAYIONT SIDNFY
NUMRER 3F SAMP ERS: 3

SAMPL ING PEIRIODS X{—-11=75

BFRCOFENT
RANK ABUNDANCF CF TO7TAaL

1 BG A5

2 in 103

3 4 4,1

& 3 2s1

TOT AL GF 1000

SHANNTN ARILLBUIN

DIVERSITY 091 e A4
MAY ITMUM DIVEPRSITY 207 190
MIMNIMUM DIVERSITY Ne25S " e 20
DEDUNDANCY Cabh? N, 63
FYENNESS AP DNeds
FOUITARILITY Dalts Jelb
SPFIIES RICHNESS De?? DNeHR
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MOMNY ANA DEPARTMENT OF FISH AND GAMP
RET 220% .1 SERFCIFS NIVERSITY ANALYSIS

JULY %5 1976

SYATIONS [IONEY
NUMRER OF SAMPLERS T 4

SAMPL ING PERINCD? Ki~11~-75

: PERCENT
R A K ABUNDANCE DF ToTAL

1 17 3P.6

2 37 B, 6

3 &4 9s1

4 = o8

5 ? 45

& 1 2.3

TOTAL 48 100.0

SHANNON BRILLOUIN

DIVERSITY 1.97 173
MAX IMUM DIVERSITY Z+58 2. 30
MINTMUM DIVERSITY Ce77 £.61
REDUNDANCY 0a38 0o 34
FVFNNESS D75 075
FRUITABILITY n.35 fs4z
SEECIFS RICHNESS 1e61 te 31




MOMTANA DEPARTMFNT OF FISH AND GAMF

RBY 220041 [SPFECIFS DIVERSITY ANALYSES

. ‘ JULY 7s 1976

S5YATIONT SIDNFY
MNUMAER NF SAMPLERSD )

SAMPLING PERIGDE XKI=-11-75

PERCFNT
RANK ADUNDANCF OF TIVT AL

1 37 67,3

2 ia 25.5

3 4 7s3

TOTAL R ING.0

SHANNON BRYILLNDUIN

DIVERSITY 1186 1.07
MAXIMUM DIVERSITY 158 1647
MINIMUM DIVERSITY D28 Ce21
REDUNDANCY D32 Nae 32
EVFNNESS Ca?3 CL.72
EQUITABEIL ITY .27 D24
SPECIES RICHNESS CaGh Ce82
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MONT ANA DEPARTMENTY OF FISH AND GaME

RERY 220061 SPECIES DIVERSITY AMALYSIS

JULY 2 1975

STATIONT STDNFY

NUMBER OF SAMPL RS ] B

SAMPLING PERINDS Xi=11-75

PERCENT
WA NK ARUNDANCE OF  TOTAL
i 24 47e1
2 17 3323
3 7 TR, T
4 2 368
5 H 2.0
TOTAL 51 1007
SHANNTN BRILLOUIN
DIVERSIYY 1773 1595
MAX ITMUM DIVFRSITY 2232 2.1
MINTMUM DIVERSITY D55 G4 8
REDUNDANCY Ca3a D33
EVENNFESS Ca-74 G774
FQUITABILITY e’ 036
SRPECIES RICHMNESS 142 1el%
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MOINT ANA DEPARTHMENT OF FISH AND GAME

ROT 22071 SPECIES DIVERSTITY ANALYSIS

. JULY 2. 19758

SYATIONS SIDNFY
NUMRBER OF SAMPLERS?S 7

SAMBL NG PERIODE ¥i{=-11-75

PERCENT
RANY ABUNDANCHE OF TOTAL
i 3se T4,9
2 53 10.58
3 42 5]
4 14 2.9
5 ¥ a8
& 5] 1.0
7 2 Qa4
TOT AL 491 100,202
SHAMNNDGN BRRILLOUIN
DIVERSITY 1630 1+2¢
MAX [MUM DIVERSITY 281 276
MINIMUM DIVERSITY I Dsll
DEDUNDANCY .56 T 57
FYENNESS D adkh De&é
FoUuITAsILITY .14 017
SPECIES RICHNESS 115 1.09
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APPENDIX G
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