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. PREFACE

_Often studies and discussions of extinction are permeated.with
emotion. Such overtones detract from a rational examination of the
facts. All things eonsidered, what constitutes extinction? 1Is it
when a species ceases to exist? If so, the term does not apply to
arctic grayiing since, alfhough it has disappeared in historic times
from parts of its range, other populations of the same species still
flourish in Siberia, Alaska, and Canada. Over the years the grayling
of Michigan has been classified as a separate species; subspecies, and
now race. Was it extinct when classified a species but not when classi-
fied a race? Can the term extinction be rightfully applied when a
small peripheral population on the edge of a thriving population dies
off? When is a specifie pepulation sebarafe frem theffemainQef of the
species?._Ultiﬁately,Iextinction_takesiplace Wheneven'an }ngividuali.;a

iorganism dies.ﬁ;Eor this ‘reason the term range.adjustmentfieﬁnere*'.i'f

widely appllcable than extlnctlon. .:i-'

A hlstorical study of the present type places heavy dependence
upon early Amerlcan llterature pertainlng to w1ld11fe.' The Unlvers1ty
of Mlchlgan leraries, Mlchlgan Hlstorlcal Collectlons, Montana

Hlstorlcal Museum, and Dr. Reeve M. Balley S reprlnt collectlon have

~been a source of relevant materlal g



so there are few people, having firsthand knowledge of the fish, old
enough to iemember that period. In many instances I have used ideas
and information derived from interviews without giving individual
credif. _Often information was of little value until_interpreted iﬁ
light of what someone else had written or said, and at other times

I took the liberty of qualifying, expandlng, or restrlctlng 1nformatlon
accordlng to the background of the source,

As'much as possible,'personal viewpoints of early wrifers have
been avoided unless their ideas were based on sound observ;fions.
Many people have written their interpretation of why arcticlgrayling
has declined, but this was-almost always based upon a restricted point
of view or upon prejudiced ideas. Howevep, untrained observers must
be given credit for usually recognizing grayling (althoﬁgh sometimes
confused with whitefish), for knowing how many. they caught, the date,

and where the catch was made.
Becausecinformation had to be gathered from what some may con-

sider sources of questlonable accuracy (sportlng maga21nes, recall Of?a’

.‘.:

-a95-year-old people, etc. ), an attempt was made to av01d reaching'a

conclusion from Just one or two sources. AlSO,-lf the 1nformatlon

dlfferent The lack. of sufficlent data necessitated us1ng certalnﬂ

watersheds or. areas almost to the excluslon_of others._ Thus, much ofq



.éomprehensive work. The cutthroat trout in Montana has undergone a
decline much like that of grayling. Some hypothétical_causes of
“drastic population reduction, such as epizootics, have not been dis-
;cussed. | .

Stream names frequehtly lead to confuéion.' Such common names
#é.fine River or Clear Creek are found in glmost,eiéry'drainage. Even
‘when the county was specified, fhe particular stréam to which a writer
£eferred was not always clear for more than bne stream of that name
may exist in a county. In_such instances the information could not

" be used.

For brevity and clearness the following names.are- used in

referring to the different grayling populations:

American grayling —— both the arctic and southern populations

Arctic grayling ~—— the arctic population in Canada ana
Alaska

~

Southern grayling — the Méntana and Michigan populations

: ; ; TR % e R
Grayling - .. = the Montana or Michigan population

Montana grayllng - fﬁé graylidg_in_Montahéf

Mlchlgan grayllng érayliné that was in Michigan

'would be unnécessarily cumbersome. Nomenclature, w1th the exceptlons
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INTRODUCTION

T 4 k
attain very high population densities. Their striking appearance and

ge dorsal fin invite attention. - Much has been written about

ta?_ with the main p0pulation when change is rapld. Man's actionsf
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uence upon the earth. His relationship to much of the biota has
od from commensalism to that of near-control. Nevertheless, man

Hfélativel& new force on the earth, His rising technology and

ds . ‘Marsh (1874) was one of the first authors to point' out man's

iv:ties in this regard. More recently a symposium published as

:ﬂOOBphere" to add to the previous term "biosphere." This new word

. Because of greater demands and increased capabilities, man is

'_ing on large-scale land- and water—use programs. Irrigation,

.non-anticlpated secondary or’ tertlary condltlons develop.

When pressures,“




an"jhe_main northern population form_a continuum that ranges from
aiégépearing through declining to thriving conditions, (4) grayliAg 4
.o'@lations appear to Have been subjected to both climatic change

an ;#ﬁgan changes so interaction can be studied, and (5) it can be

sresumed that southern populations are in fenuous balance with the :

environment, therefore being sensitive indicators of change.

Investigation proceeds from the hypothesis that the two dis—

%unct, relict arctic grayling populations were near their limits of

() hgve for grayling habitat. As each of these act1v1tles by whlte




ysis by ecological reasoning through the employment of circum-—
antial evidence of phenomenom—decline and extinction--that cannot
Gogi 4

aéﬁroached directly. The conclusions should be evaluated in light

'iﬁg:nature of the problem and of the data. Although declihe and



ZOOGEOGRAPHY

During glacial ages érctic and subarctic prlants and animals

more nearly subarctic-like locations. Freshwater organisms had



Hybrid swarms are common because of several periods of range trun-
§ation and subsequent separating and joining of populations. Allo-
patric populations, which at one time shared the same gene pool, are
i;olated from one another. Adequate classification of these groups

ig @ifficult.

Classification

The arctic grayling of North America, Thymallus arcticus, is

' a member of the holarctic (essentially arctic and subarctic) family,
:Salmonidae. The genus, Thymallus, includes four species:  one is
;European, two are Asiatic, and one is both Asiatic and North American.
ffhese species form many local subspecies and races.

. The relative taxonomic positions of the Mbntaha and Michigan

grayling are uncertain. Dr. Bean (Henshall, 1902; Henshall 1906r




Subspecific classification of grayling in America is in need of

finitive study. Following is the classification of graylings and a

Salmonidae : >
Thxmallus Cuvier, 1829

T thxmallus thxmallus (L:Lnnaeus), 1758 E‘t:l::'opet

‘“-2. arctlcus a.rct:_l.lcus (Pallas), 1776, Western _Slberia

i

e e e trlcolor Cope, 1865, Monta.na, Mlchlga.n
i. a. ggubel Dybowskl, 1869, Amur R:Lver
q_T_ a. balcalensis Dybowskl, 1874, Lake Baikal

T. brev1rostrls Kessler, 1879, Northwestern Mongolia

lI‘_. niggescens Dorogostagskij, 1923, lLake Kosogal, Mongolia

i
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Distribution

The genus Thymallus is nearly circumpolar: a gap in distri-

'Bering Sea, Arctic Sea, and Hudson Bay drainages southward to, but

is suitable (Figure 1). Because of speclflc-

he range. No records could be found for northeastern Keewatln‘.

QJMblville Peninsula, Adequate collections may be»wanting, -

r‘“ble habltat may be absent- or the tlme llmltatlon has not permltted

‘1  g toeoccupy this area.

_urchllluR

i

1ver (Dyﬁond7
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Tmpmcwm l.—-Map of Alaska and
Western Canada showing grayling distri-

bution and’some collection points (black
dots). ‘Distribution taken from Dymond, -
1947; Har er 1948; Lindsey, 19575 mmSmos.
_ ostlund, 1952; Vladykov, 1933;
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Télimy sculpin, was native to the Gibbon River above a barrier,
ch%per Firehole River had nq fishes (Jordan, 1891).

’T§§_Michigan grayling apparently occupied all large sireams in

'1alfMichigan north of the White River on the Lake Michigan side

7¢$§w5western tributaries: of ‘the upper Muskegon River, mainly

From the latter came the first reports of the species

in the early 1850's (Metcalf, 1961).




Columbia River
Drainage

Yellowstone
! National Park: |
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: , Figure 2.--Distribution of indigenous grayling in Montana.
Becords from: (1) Milner, 1873; (2) Head, 18743 (3) Ludlow, 1876;
(4) Prisson, 18983 (5) Henshall, 1919;" "'-'F:‘o'rd, interview (grayling
present before 1900);. (7) Hilger, 1929;¥(8) Bigenmann, 1894; (9) Ford,
“interview (grayling present in 1910); (10) Harris, 1887; (11) Bouls,
1896; (12) Dunham, 1897; (13) Evermann, 1893; (14) Henshall, 1907; =
(15) Bean, interview (grayling present before 1900); (16) Dwelly,
1892; Henshall, letter at Bogeman Fish 'Cultural Stationy
1897; 8] Many early settlers, interviews (grayling p: Nt
1900)5 (19) Tordan, 1891; (20) Kendalls
terviews (grayling present before 1900).




-12 -

R

86° 84°

Lake Superio?

Lake

Michigan

Figure 3.—-Distribution of indigenous. grayling in Michigan, =
‘Records are froms (1) Rifle—Bissell 1890; Hallock, 1873a; Norris,
1879. (2) Au Gres—Milner, 1873. (35 Au Sable——See text. (4) Thunder
Bay—Mather, 1874. . (5) Cheboygan——Anonymous, 1874; Green, 1874505 it
Northrup, 1880. (6) Black—Harris, 1905; Hough, 1902; Mershon, 1923,
(7 Pigeon—-Bissell, 1890; Henshall, 1919; Northrup, 1880, (BSHSth;gebn;
—--Beebe, 1879;'Bissell,fl890;-Norman, 1887. . (9) Maple——Harris, 1905;
‘Hough, 1899; Whitaker, 1887.. (10) Boyne——See. text.: (11) Jordan—-See
text. (12) Boardman—See text. (13) ‘Betsie-—Bower, 1884.: (14)
Manistee-—See@text;y;(15)'Lijtle Manistee—Hallock, 1888; Macfie,
~ Mershon, 1923. (16) Per "quette—Mershon), 1923; Mi
Whitaker, 1887.. (17) Pentwalbe R (18)’
1890. (19) Hersey——Me calf, 1
-._ﬁﬁraylor;ﬁ1954;f;(ZIlgLittlé“
. Ontonagon—Bissell, 1890

pang oy



- 13 -

gke-dwelling populations are rare, One of these was from some

'fh—céntral lakes (Hallock, 1877) of the Lower Peninsula, and another
scoes in Lake Michigan at Charlevoix. The species was also taken

The Otter River, in the Sturgeon River drainage, is the only
»f the grayling exist. Following its discovery there in 1885, the
Bast, 1930). Ruthven (1906) saw some specimens which were said to

-said that the East Branch of the Ontonagon River, but possibly meant

.fhe Otter River, had them too. The validity of these single observations'
;bay rightfullj be questioned. One short section of the Otter River is
i-fthe only stream in the Great Lakes drainage outside of the Lower Penin-
8ula from which grayling has ever been authentically reported. Several
other specigs with localized distribution in‘the Great.Lakes are found

in this river system: 'lake sturgeon, bigméuth sﬁiner, silver redhorse,
and sauger,

Broken.distribution between Western' and Central United States’

is not unique.. The Keweenaw Peninsula of Upper Michigan possesses a

weil—marked element of 'isolated Rocky Mountain and Pacific Coasf piénts
(Fernald, 1925). The pigmy whitefish is found inisolated places along
the Pacific slope, including only two Wéstern Montana lakes (Welsel,

1957), and in the_ depths of Lake Superior.

Two closely related gener..
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'ﬂichigan) miles south of the main range. Furthermore, the Otter River

chigan population.

The two disjunét populations lie on the southern border of ' a
‘boundary line for the distribution of many other fishes., Numerous
‘fishes have a range that extends northward to central Michigan or

rmstward to Great Falls, Montana., Examples of species whose distri-

drappie. Species that are found westward up the Missouri River to

1ver carpsucker, northern redhorse, and channel catflsh.t other' e

northern plke, longnose sucker, and burbot._ In Mlchlgan the southern

‘a dlstrlbutlonal restrlctlon at thls boundary.' The two dlsgunct'g




21 lakes and
29 streams

National Park 1 lake
_Wyoming 4 or 5 lakes
ﬁtah 20 lakes
Colorado 3 lakes

. Washington 2 lekes

7. to the slow climatic warming.

-~ 15 -

All populations outside of Montana

Possibly only through ground water and ;

Nelson, 1954

Pers. comm.,, W. M. Morton
Simon, 1951
Dotson, 1961
Pers, comm., W. R. Seaman

Pers., comm., Cliff Millenbach

Some are not thriving populations,

i 3 Sy
lag far south
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Air and water temperatures have a complex relationship. BRunoff-
'féd streams typically have wide seasonal temperature fluctuations corre-
*sponding with air temperatures. Macan (1958) concluded that small
treams do not flow far before reaching a temperature equilibrium with
he air. Lake surface water temperatures have a subdued response to
,,ir temperatures (McCombie, 1959). Ground water temperature at 30 to
Léo feet is 2 to 3° F. above mean annual air temperature (Todd, 1959).
fTherefore, grayling,:which commonly inhabits meltwater— and springgfed
‘streams, occupies an environment that responds slowly to increased air

‘temperatures.

Present southern range of grayling across Canada more or less
follows the 60° F. summer isotherm, but distribution in Michigan
.(southward) and in Montana (downstream or northeastward) closely

_\approximates the 65° F. summer isotherm. However, cool water temper-—

atures, because of water source, may compensate for high air tempera-

xures. As discussed prev1ously, southward dlstribution in Canada may

not be limited by temperature but by other factors. Nevertheless,'the'

example illustrates that in some areas cool-water temperatures can~-

'*counterbalance high a1r temperatures. Stpeh e e

Temperature as an: ecological barrier to fish distribution 1s

common, For example, Radforth (1944) noted “the s1gn1ficance of the

_65 and 70 F. July 1sotherms in the northward distribution of Ontario'

x'fishes. Furthermore, Sequin (1956) showed that southward distributlon

fof brook trout in the Appalachian Mbuntains 1s limited by the 70 F'

summer 1sotherm.. Since a maJor ecological demarcatlon and opograph
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réstricted the spread of southern grayling populations.

Given sufficient time, water temperatures even in these favor-
'@ble sites would have become critical. There are indications, howéver,
ﬁ;t competition from'recent invading fisheé_and man-caused habitat
'ﬁ;nges became limiting before water temperatﬁres._ The nearness of a
limatic threshold is suggested by the droughts of 1890 and 1930 in
‘Mbntana that caused direct grayling mortality and adversely.chahged
the habitat. Under optimum temperatures, low~watgr conditions may

not have been critical.

It is nearly impossible to determine if present stream tempera~-
tures within present or past grayling range are near a critical level.
ﬂﬁximum water temperatures that grayling can withstand are unknown
énd grayling in some rivers move away from adverse water conditions

- for part of the year. High water temperatures may not be as critical

_as absence of a cool-water tributary or spring hole 1nto whlch grayllng

may move for short perlods. In the ex-grayllng streams of Mlchlgan,

States where all thr1v1ng populatlons are in lakes. In- nearly every

"1nstance natural geologlc warming of grayllng streams has been accel-

' srated by human act1v1t1es such as removal of stream-s1de vegetation“:
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The Grayling Community and Origin of Its Members

In its typical stream or littoral commnity, the grayling is

aska, five members; and Great Slave lake, six members. Suckers,

.

(Hallock, 1873b; Mather, 1874 and 1875; Oatka, 1888). The depauperate
reduced by the specific habitat of grayling. The Otter River, Michigan,

an exception, for this grayling community included approximately

20 species (Taylor, 1954).

of fishes in different areas of North America (Table 1). The Tanana

Only

:stern element- and the Otter Rlver, a strong eastern element.;

wo specles are found w1th grayllng in all of the communltles.: Theee

;trout, whltefishes, and lake chub. Although-th'
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17), Oreat Bear Lake; Lindsey (1957), Upper Pea:
various sources, Upper Missouri R ver; Taylor (1954), Otter
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hoals (Nikolskii, 1957). Prof. H. Watling at Montana State University
jn an anatomical study of grayling nares found them of the type assoc-

iated with lake-lnhabltlng species (pers. comm.).

The wide varlety of fishes with which it ass001ates and the

generally few species found in any one community suggest thgt grayling
is'distributed_over a wide ecological area. Three communities have .
a different trout that could compete with grayling: Dolly Varden trout
in the Peace River, cutthroat trout in the upper Missouri, and brook
trout in the Otter River. Young Pacific salmons probably occupy this
same niche in the Tanana River. Throughout most of its northern range
the arctic char complex occupies lower stream reaches near the coast
and grayling, the middle and upper. |
None of the species known to have been only in Alaska dﬁring

glaciation is widespread in interior North America (Table 2).

TABLE 2.-—A summary of the number of species ut111z1ng Plelstocene
refuges. i

N Refuge area
Location ©% © Bering Mississippi- Bering and. @
of fish community slope Atlantic  Mississippi

Tanana River

Great Bear Lake

Upper Peace“Rivér-

Wbllaston L&ke

Upper Missouri.Rlver
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onversely, only one species from the Mississippi drainage has reached
manana River. It therefore seems likely that widespread species
‘at least two refuges. From this evidence alone it is probable

at grayling lived both northwest and south of the last ice sheet.
Discussion

There were four refuge areas where fishes could have survived

the Bering Sea drainage, the Pacific slope and

_.He;last glaciation:

“Great Basin south of the ice front, the vast Mississippi River drainage,

and the Atlantic slope. The grayling has never been reported in either

he Paclflc or Atlantic dralnages so these areas were undoubtedly not
‘used. The Bering slope, on the other hand, was certainly a refuge.
Widespread distribution in Alaska indicates access for a long

-eriod; similarity with eastern Siberian grayling (same subspecies,

‘Walters, 1955) suggests recent genetic exchange across the Bering land

ridge; Lindsey (pers. comm.) found the eséentially-freshwater fishes,

farctlc grayllng, sllmy sculpln, and Alaska blackflsh, on St. Lawrence

It seems that these, ‘as well as other arctic

sland in the Berlng Sea..

-fishes (Walters, 1955), had ready access across the Ber1ng=1and connec-

-tion. With r1s1ng sea waters the three freshwater specles found refuge‘

n St. Lawrence Island from the marlne env1ronment.

As the Cordllleran and later the Keewatln 1ce sheet melted,
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(Rawson, 1947a).

| The failure of grayling to expand its range postglacially along
the retreating ice front may be similar to the possible failﬁre of L
| brook trout to spread naturelly in the upper MississippiﬂRiver.
. If we admit that grayling would not find glacial outwash waters -
ito be good.habitat, it ‘is difficult to accept that Montana and Michigan
Ipopulations came from the same refuge, for one or the other would have
.had to travel several thousand miles. It is doubtful if the Missouri
Eiver has ever postglacially been a clear river. Vincent (1962) ’
discussed the possibility of lake trout being indigenous to the upper
Missouri River drainage. With both lake trout and grayling found in v
this area, a glacial refuge in a Pleistocene lake is suggested. Flint
(1957) listed 9000 to 10,000 feet as the altitude of the cirque floors

in the upper Missouri River area. Scattered glacial cirques were 2000

to 3000 feet above the 400—square-mlle Plelstocene lake in Centennlal

e

Valley. Glacial Centennlal Lake was not formed by 1oe, so 1t probably

Iy

i‘exlsted for a considerable time.; Its small dralnage area and llmlted

.,:-

'glaciers would not: cause a heav1ly 81lt-ladened env1ronment

v

- seem that: conditlons could have been suitable for habltatlon by olear-?

water fishes.s'

;.

Until the Kansan or Illlnoian glaclal stages, the upper Mlssourl

and Yellowstone rlvers flowed northeastward into Hudson Bay (Howard,

=

1960; Menely et al., 1957)

In the Sangamon 1ntergla01al and early
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Other eastern-slope Rocky Mountain drainages were blocked by

and morainal deposits. A chain of lakes and connecting drainages

&ér the Cordilleran valley glaciers had retreated (see Alden, 1932).
;ggé ice~front lakes were comparatively shortlived and of little value '
g refuges,_but they would have provided temporary avenues of movement
Prom east to west and north to south along the base of the mountains.
Love (1959) discussed a fluctuating corridor that existed along
the eastern slope of the Rocky Mountains between the ice sheets.
}§ithern conifers are thought to have used this route. To hypothesize
£iat grayling and lake trout moved through this corridor to reach
%uoﬁtana from Alaska seems unreasonable. The fishes would have had to
‘héve migrated southward very rapidly while the route was open. Absence

of grayling from headwaters of the Saskatchewan River supports this
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Two large areas of localized glaciation, upper Sun River Canyon
and Yellowstone Plateau, have probably not been invaded by species over

he barriers. The upper Sun River Canyon has no indigenous species.

‘evidently no headwater capture occurred postglacially. The four species

engnose dace, ‘and mottled sculpin, have probably reoccupied the area
fpostglacially from the Snake River drainage. It thus appears that it.
‘may take a longer time than has passed since ice rstreat for some species
to occupy headwater areas above barriers. Those species widely distri- 7
buted above barriers must have inhabited the drainage before the last

Jice retreat. Quaternary fault scarps and tilting are commoh throughout

mwch of the upper Missouri River area (Myers and Hamilton, 1961) and

may account for some stream barriers.

Three eastern fishes of the grayling community, longnose sucker, 7
‘longnose daoe, and mottled sculpin, have crbssed westward: into the

Snake River drainage probably by Two-Ocean Pass. Three other species, ; i

cutthroat trout, mountain whitefish, and mountain sucker, have moved

eastward from the Snake River drainage to the Missouri River drainage.

]

This route has apparently been open for a long period to allow this i_ '?;5

exchange. However, grayling,'owing-to-eoological, geographical, or time

restrictions, has ‘not crossed the pass.

Theugrayling populations of Michigan and ‘Montana were restricted
to small areas for a long time. Sinoe the last glaciation, habitat

within the range was remarkably uniform and stable. Mutation and

natural seleotion for a varied gene pool were limited. Selection

¥

1nbreeding in such a emall homogeneous population tendedﬁto reduce{
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heritable Yariation and encourage homozygosity. Genes tend to become
rifixed in the entire population or to be lost (Sewall Wright Effect,
IWright, 1931). Population genotypes are limited, and traits that
agppear to be non-adaptive may be prominent. .

A population's nongenetic physiologic_response to environmental
change can. take place only'if the pre—existing genetic base includes
uthis reaction. This type of adaptation may respond comparatively
rapidly providing that the much slower-formed genetic base exists, -

An organism without a broad genotype has a limited immediate adaptive
capacity.

An organism must maintain its ecological position after it has
once evolved to fit a particular habitat. Frequently, the organism
reaches a cul—-de—sac in which it is well adapted for the existing
environment but lacks a varied genotype enabling it to adapt to changing
conditions,

High population den51ties indicate that grayling was well adapted

to its env1ronment. Failure to survive 1n modified habitats and when

introduced into other waters suggests a genetically uniform opulation,

gl AROE

Those waters in which grayling 1ntroductions have succeeded were nearly'

always alpine lakes w1th specific phys1ca1 and biological features. th
The grayling population in the Otter River, Michigan, lived in
a more diverse community and under a. more fluctuating environment than'

It is 1mposs1b1e to do more than surmise

other. southern populations._
the role of a diverse ecosystem upon the grayling perSisting in this §

river.
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except that all are similar in many ways. The two southern populations
?robably spent the last glaciation south of the ice front and probably
also in different refuges. Eacb population is along the southern

~ border of a biome where climgtié fluctuations would be manifested.

The gray;ing is typically a member of a community thaf.contains few
other fish species. It almost appears as if grayling is an anomaly

in regard to the othef cqmmupity memﬁers. The grayling.is neither a
‘lowland species nor a headwater species as are many of its associates.
It would be expected that members of these isolated populations would
have a narrow genetic base, thus limiting nongenetic adaﬁtation. In
generél, a warming period following Wisconsin glaciation is causing

less favorable environments for cold stenothermic species.

o p—
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Horsethief Springs g.__s_"‘ggx_ eia.mple
of grayling habitat and of
habitat destruction

Horsethief Springs, Montana, a small tributary to the upper
Madisoaniver now flooded by Hebgen Léke, is an example of 'good
grayling habitat that was destroyed by man. i

Jordan in 1889 (1891) received reports from one of his expe—
dition members of the aﬁundance‘of grayling, cutthroat trout, and
whitefish in this stream. In 1891 Evermann (1893) wrote that probably:
no place in Montana are the foregoing fishes more abundant. Henshall
(trip rept. at Bozeman Station, Oct. 31-Nov. 9, 1897) found Horsethief
Springs "full of grayling, whitefish, and many cutthroat trout."

As these springs were co;sidered a possible water source for
a fish hatchery, Evermann (1893) described the area in detail. Two
spring areas flowed together to form a 1 1/2-mile-long creek that
meandered across a level meadow to join the Madison River. The  current
was 1 to:2 feet per secondj width, approximately 70 feet; and water
depth, 57 to 10 incheé; The upper section had: a botﬁom of ' pea—-sized
gravel and the ;ower section, a white sand bottom. ' This lower section}
was nearly ?illéd.with équatic plant growth? algae, moss, grass, etc.
The water was reported neverrto'fr;éze. Water %empérafure on August 24,
1891, was 48 to_50° F. . The grayling was me#tioned as being present .
in August, October, November, and Dgcembei; since this is not the

spawning season, it seems probable that the population was Tesident.

In March, 1899 (letter at Bozeman Station), Horsethie Springs..
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washing from a recently ooqstruoted barn polluted the ﬁater. Artifi-

cial Hebgen'Lake then flooded the spring area in 1915 and wiped out

the remainder.of the stream habitat. ,
These two distarbanoes are the type of conflict grayling has

frequentlj_encountered. That.Horsethief Sprihgs was good habitat

can hard;yibe questioned. This same‘level meadow with a cleah,'year-

around water supply'was.ideal for a rancher‘e barn, and wide opehings

in a vallej-of this type werse ofteh the first to-he utilizeq for ¢

water storage. “
Horsethief Springs is-an example of man choosing the small

meadows, required by graylihg, for areas of his own use and develop-

ment.

Topographic features where

grayling habitat occurs

Essentially, if given the pr0per water source and climate,

stream gradlent w111 determlne the habltat.f Thus, w1th1n the confines

topography is such that nearly all streams qualify. In the Uppernw

and those on‘the west, too steep. The Otter Rlver is one of the few

streame that 1s intermedzate._ In Montana the upper Mlssouri Blverz
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valley floor. The upper Smith River, tributaries of the upper Gallatin
River, the Big Hole River, and the upper Madison River are examples of
medium slope at a higher elevation. Small valleys are represented b&
Sheep Creek, a tributary of Smith River, and the section of Madison
River Valley now inundated by Hebgen Reserﬁoir;

Much arctic and subarctic topography is such that rivers are
potential grayling habitat. Arctic rivers typically have even profiles
with remarkably few rapids or falls; normal water fiow is about 3 miles
per hour (approximately 4.5 feet per second), and lakes acting as
settling basins reduce turbidity over long sections of stream (Wynné-
Edwards, 1952).

Water velocity is one of the most important ecological stream
characters. The nature of the stream bottom, amount of silt, abundance
of aquatic food organisms, and many other features of a stream eco-
system may be governed by current velocity. Thompson and Hunt (1930)
found that #eadwater species usually had a wide ecological tolerance
and were found throughout the stream, but that other species were
restricted to their respective sqctions. In western and cepfpal Burope
there are numerous areas where the ichthyofauna relates to stream

gradient (Starmach, 1956). Burton and Odum (1945), Trautman (1942),

and other American workers have found a correlation between fish
distribution and stream gradient. A certain velocity may be required
at only one stage in a fish's life history. ‘For example, kokanee
salmon in California would spawn in water velocities below.2.15 feet
Per second but avoid velocities 6vef 2.19 feet per second (Delisle, {
1962). After an exhaustive study of tﬁe Elbe River, Germany;_Kothé. _ 3; ?

(1961) concluded that changeé in the aquatic flora and fauna were
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due mainly to changes in water quantity and morphological structure

of the river, not by changes in water quality as is often assumed.
That local distribution of grayling is chiefly controlled by stream
gradient is not surprising. The topographic and c¢limatic relation-—
ship over southern Canada and the United States is such that few
afeas of grayling habitat exist.

Of course, other factors besides physical environment influence
grayling distribution. There are few streams in the United States
that meet grayling habitat requirements and, as will be discussed

later, most of these streams have been greatly altered by land use.



EFFECT OF GRAYLING EXPLOITATION

The history of grayling includes a period of heavy exploitation

‘that may have been a significant factor in local decline or demise.

ening of hinterlands by the advent of railroads was at least partly

responsible for this in both Michigan and Montana. Many studies,

4ncluding theoretical ones (Beverton and Holt, 1957; Ricker, 1958),
}v :

Tiave been concerned with the influence of exploitation on population

evels. Actual effects of overexploitation are poorly studied. The

‘;general contention is that fish populations are seldom, if ever,

dangered by extermination through fishing. McFadden (1961) separated

the reasoning behind this idea into three concepts: (1) fish become

jnterest at low-fish population densities, and (3) high-fishermen

Ease of Capture and Early Catches

Throughout its range the American grayling was and still is
very susceptible to angling. It is one of the easiest fishes to
catch. Representative reports are that it is not readily frightened
by boat or fisherman (Norris, 1879; Brown, 1938b); nearly all grayling
may be taken from a pool (Henshall, 1900); and even an inexperienced
fishermen has little difficulty making large catches (Northrup, 1880).
‘Adults of the grayling feed vigorously and almost without

_caution. While fishing Agnes Lake in Montana, I succeeded in coaxing

- 44 -
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“what was apparently the same fish to rise eleven times to an artificial
’Ifly. Such persistence is not unusual. Roger Reed (pers. comm.) made
usé of college students who had fished little or not at all to catch
a series of grayling in Alaska. These students caught and tagged an
average of five fish per hour; one student caught and tagged 337 grayling
in one day.

Early grayling exploitation by white man resulted in enormous
individual catches: three men caught 600 pounds of grayling in two
days (Furman, 1878); 47 were taken from one pool (Henshall, 1900);
two men and two ladies caught 3000 in two weeks (Mich. Sports Assoc.,
1879); bushel boxes full were captured (Schbarber, pers. interview).
Total catch may be exaggerated because of the large size of individual
catches by a few fishermen. Annually, some six wagons were filled
with grayling at a dam across Hersey Creek, Michigan (Parker, 1888).
Catches were as high as 5000 from 5 miles of the North Branch of the
Au Sable River (Norris, 1878). 1If the river averaged 25 feet in
width, each mile would be nearly 12 acres of water. The catch would
amount to approximately 83 fish (estimated 42 pounds) per acre which,
even if the stream were not fished much the remainder of the éeason,
would be a good yield for a coldwater stream. In comparison, fishermen
removed from Lawrence Creek, Wisconsin, an annual average of approxi-
métely 52 pounds of trout per acre for three years (McFadden, 1961).

Until 1880 a commercial fishery on the Madison River provided
fresh fish for the miners in Butte and Virginia City, Montana. In
another fishery the hotel and camp companies within Yellowstone National

Park were permitted to catch and serve fish to guests up to 1919.  The

last year of this practice about 7500 pounds of "trout" were served
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i(Fromm, 1941). Very possibly grayling made up a part of both fisheries,
Prom Michigan, the Chicago and Milwaukee markets utilized all grayling
available until about 1885. Sixty pounds was considered an easy day's

catch by an experienced commercial gra&ling fisherman in 1875 (Irland,

1920).
Examples of Possible Overexploitation

Because of synchronous events it is usually difficult to sepa-
rate the effect of overexploitation from other causes of decline. Two
ffairly clear examples, one from the Au Sable River and another from
£he Madison River, may be helpful. Other instances are known, but
their interpretation is clouded.

The Au Sable River, Michigan, for which most information is
available, was heavily fished for the commercial market (Mather, 1875;
Banta, 1876) as well as being the center of early sport fishing.
Fishing expeditions started from the village of Grayling, which was
the only point of early access to the river. Grayling fishing declined
first near the wvillage of Grayling and then, progressively downstre;m
(Figure 4). Fishing expeditions in 1873 (the first major ones) made
no mention of the stream immediately below the village of Grayling
being void of fish (Hallock, 1873a; Milner, 1873). However, many
" subsequent fishermen mentioned the increasing distance necessary to
g0 downriver in order to catch fish (Table 3).

Overfishing seems to be the main cause of this decline. Prob-
ably more correctly, the decline started by overfishing then continﬁed
due to logging activities. Logging did not expand greatly in this

region until approximately 1880. The brook trout was not present in




Jerge numbers until after 1890 (see following chapters).

By 1910 the fame of Madison River, Montana, for grayling and
cutthroat trout fishing was widespread. This river still enjoys the
reputation as one of the better trout streams in America; but now its
fame is for the introduced brown trout. Mr. Kohles, a former state
game warden, said that between 1924 and 1928 fishing pressure was very
heavy. He would frequently check as many as 100 fishing llcenses at
a favored location. It was at this time that access roads were improved -
and concern was expressed already over the Possible undesirable effect
of new highways upon Montana fishing (Thompson, 1925).

Montana hunting and fishing license sales from 1905 to 1930 may
indicate trends in fishing pressure (Table 4). No resident licenses
were required before 1905. From then to 1930 a combination hunting
and fishing license was issued after which a separate fishing license
was available so the data are not comparable. Plotted on Figure 5,
the licenses issued show a general rise paralleling the increase of
exotic trouts and an inverse relationship to grayling decline. In_
this instance possible influence of fishing upon the grayling population
cannot be separated from competition with exotic trouts.

The upper Madison River within-Yellowstone Nafional Park is one

. area of past grayling habitat that has probably changed little in

historic times. Since the Park was set aside in 1872, agriculturs or
logging has not taken place. Accounts of the uppef river and the
countryside in 1889 (Jordar;, 1891) and in 1891 (Evermar_m, 1893) describe
it nearly as well today. Changes in the game-fish community would
therefore be caused by competition or fishing if we discount effects

of gradual climatic change.
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, PABLE 4 .~~Total number of Montana fishing and hunting licenses sold
between 1905 and 1930, After 1930 fishing and hunting licenses were
geparated so are therefore not comparable. (From Montana State Fish

and Game Commission biennial reports.)

W

Date Resident Non-resident Total
1905 30,087 ; 83 30,170
1906 — — 24,410
1911 575302 1721 59,023
1912 45,322 1152 46,474
1913 64,337 1405 65,742
- 1914 54,585 999 55,584
1915 — — ——
1916 69,466 1082 70,548
1917 72,113 1012 73,125
1918 42,744 741 43,485
1919 70,429 252 70,681
1920 52,751 1305 54,056
1921 59,348 1879 61,227
1922 50,508 1620 52,128
1923 - 64,202 2193 _ 66,395
1924 . 564113 2064 o 58,177
1925 73,042 3369 76,411
1926 T1,249 - 3133 74,382
1927 67,083 3320 70,403
1928 75,063 4335 79,398
1929 83,388 : 4793 88,181

1930 82,331 | 4732 87,063
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! In Yellowstone Park the major increase in park visitors occurred
approximately when grayling declined (Table 5 and Figure 6). The first
creel-census study made on the Madison River (years 1953 to 1957)
showed a positive relationship between numbers of park visitors and
angler hours (Benson.gi_gl., 1959). Earlier a similar relationship
had been assumed on Grebe Lake in the Park (Moffett, 1950). Fishing
pressure in Yellowstoge Lake was likewise discerned to be roughly
proportional to the annual number of park visitors (Cope, 1957).
Grayling populations remained high in the upper Madison River
until about the same time as in the lower river even though exotic
fishes were present for_nearly twice as long a period in the upper
river. In both river sections grayling seemed to decline when fishing
pressure was increasing regardless of the period of competition. Since

there was some habitat'change in the lower but not in the upper river,

this may have been an additional adverse factor.
Discussion

When other game fishes are present in a grayling community,
differential response to angling operates against grayling, especially
if other members include such relatively more-difficult-to-catch brook,
brown, or rainbow trouts. Angling is a highly selective process with
vulnerability to lures a genetic variable (Manges, 1951; Miller, 1957).
The accepted ranking of. trout vulnerability from most to least diffi-
cult to catch in daytime fishing.is brown trout, rainbow trout, and

brook trout (Thorpe et al., 1947). How this may function among trouts

in a community was indicated by Cooper (1952a) who showed that three

brook trout were caught for each one remaining in a stream section at

it e a s TR AL
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TABLE 16,--Logs handled by the Au Sable and Oscoda Boom Companies at
che mouth of the Au Sable River, Michigan. From Otis (1948). (Data
rounded to the nearest thousand)

.

Date Board feet Date Board feet
1867 48,800 1882 185,400
1868 34,102 1883 194,600
1869 44,500 1884 176,038
1870 60,000 1885 201,438
1871 52,000 1886 207,458
1872 105,000 1887 249,173
1873 96,148 1888 283,782
1874 52,000 1889 294,975
1875 55,000 1890 324,504
1876 47,150 : 1891 175,332
1877 68,800 1892 192,088
1878 62,000 1893 83,546
1879 113,000 1894 68,885
1880 138,500 1895 60,239
1881 160,233 1896 57,530

difference is noticeable.

The Brook and Brown Trouts in Montana

Three species of trouts were introduced into grayling waters
in Montana at nearly the same time. These, plus the indigenous
cutthroat trout, were all possible competitors with grayling. That
a major change in the fish fauna resulted is not surprising. As early
as 1860, Head (1874) observed that cutthroat trout and grayling occu-
pPied the same streams. Other observers have noticed the compatibility

of the two species (Brown, 1938a; Evermann, 1893).
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Many grayling have been stocked in the waters of Montana since
£899. There is no way to evaluate the influence of these plantings
upon existing communities. Some recent plantings of.6—inch grayling -
are doing well, but as a rule the early propagation of grayling fry

probably had poor success.

Bxamples of coexistence

The grayling and exotic trouts are often, but not always,
mutually exclusive. There are waters in which both have survived for
a number of years. As was noted in certain Michigan streams and as
is more pronounced in some Montana streams, a period of about 20 years
coexistence is often common before a drastic grayling declines. To
be a valid example, the two species should .have been together longer
than 20 years. Although it is not known when grayling or exotic
trouts were first stocked in the grayling lakes in Utah, many have
had brown, rainbow, or brook trouts for years. Miner and Mussingbrod
Lakes, Beaverhead County, Montana, have also had brook trout and
grayling for perhaps 30 years. It is true that generally whenever
exotic trouts have been introduced grayling has tended to decline.
Often a selective fishery and habitat change occur at the same time.

Grebe Lake. Grebe Lake at the headwaters éf the Madison River
in Yellowstone National Park is one of the few examples of a grayling
population being superimposed upon a thriving rainbow and cutthroat
trout population. Originally barren, the lake outlet was stocked
with rainbow trout in 1889 (Jordan, 1891). 1In 1912 cutthroat trout
was added (Krﬁse, 1959); by 1915 these two species were abundant

(Kendall, 1915). Annual plantings of grayling began in 1921 (Kruse,
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.1959), and by 1930 all three species were doing well (Woodbury, 1930).
In fact, Phillips (1926) said Grebe Lake was one of the best rainbow
trout waters in Yellowstone Park. Since 1932 larée numbers of grayling
eggs have been taken from Grebe Lake spawning runs for artificial
hatching. Some of the fry have been returned to the lake, but most
have been planted throughout the West. In 1953 and 1954 grayling
was 12 to 13 times as numerous as hybrid trout (Kruse, 1959). In
this lake grayling was not introduced until after a trout population
was established, and even with the drain on the population of removing
spawn and a limited spawning area grayling has become the dominant
species,

Elizabeth Lake. The grayling was introduced into Elizabeth
Lake in the Belly River drainage of Glacier National Park in 1924.

From 1920 to 1939 rainbow trout was also stocked., Both species have
maintained themselves since the above dates. In 1959, 1960, and 1961
grayling made up approximately 40 per cent of the catch and rainbow
trout, the remainder (pers; comm., W. M. Morton). From the one
introduction grayling became established and successfully cémpeted
with rainbow trout for 37.years.

“!gpggg Gibbon River. The brook trout and the grayling have

existed together in the upper Gibbon River, Yellowstone National Park,

between Gibbon Falls and Wolf Lake for many years. Although rainbow
trout is common above and below this section, it avoids the intermediate

area leaving mainly grayling and brook trout (Benson, et al., 1959).

Madison River

It may be well to separate the game-fish communities of the
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Madison River into two geographical areas: the upper Madison River
in Yellowstone National Park and the central Madison River in the
vicinity of Meadow Lake. The brown trout appears to be the most
important competitor, so it will be discussed most fully.

Upper Madison River. Habitat conditions appear to have changed

little in the upper Madison since the early accounts in 1889 and 1891
by Jordan (1891) and Evermann (1893), respectively. Attention should
then be focused upon fishing pressure, which was discussed in the
previous chapter, and upon interspecific competition. Table 17 is
a summary of the stocking, movement, and abundance of fish in the
upper Madison River, The 1889 introductions placed the first exotic -
trout in the upper Missouri River drainage. The role of continued
stocking of certain species upon their success in the community is
unknown., In the 1930's and early 1940's grayling was stocked; more
recently the emphasis has shifted to brown trout and rainbow trout.
The occasional grayling now found in the upper Madison River probably
drifted down from the upper Gibbon River,

Pigure 7 shows the changes in the game-fish community and
Figure 8 is a schematic presentation of this transition. fhe following
sequence is suggesteds natural fisﬁ community —49.introduction of
exotics —> build up of complex fish community ~—> community including
all species ——» sorting of community —> decline or rise of certain
species = new fish community of essentially neﬁhspecies composition,
The cutthroat an& brook trouts survived in small turbulent tributaries,
but the grayling, unable to tolerate such conditions, was nearly
exterminated. |

The introduced species required 20 years to build up a large
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TABLE 17.——Records of game-fish abundance and introductions in the
upper Madison River, Montana.

and brook trout

Benson et al., 1959

Date Observation Authority
1882 Grayling very abundant Curtis, 1884
1889 Rainbow trout in Gibbon River Jordan, 1891
1889 Brook trout in Firehole River* Jordan, 1891
1889 Grayling very abundant Jordan, 1891
1890 Brown trout in Nez Perce River Jordan, 1891
1891 Grayling very plentiful Evermann, 1893
1900 At Madison Junction there were in addi-
tion to native species: rainbow trout
over falls from upper Gibbon River,
brook trout from Firehole River, brown
trout from Firehole River. Grayling,
numerous Fromm, 1941
1915 Madison recognized as a good grayling
stream Chittenden, 1915
1915 All native and all introduced species
abundant Xendall, 1915
1919 Brown trout has become dominant species Mont. Fish and Game
Comm., 1919
1921 All native and all introduced species Smith and Kendall,
abundant 1921
1925 Grayling appears to be holding its own Russell, 1925
1926 Smaller tributaries, best brook trout
streams Philips, 1926
1926 Grayling locally abundant Philips, 1926
1926  Brown trout, most abundant species Philips, 1926
1933 Grayling greatly reduced McCarty, 1933
1938 Grayling not very numerous Back, 1938
1939 Brown trout, rainbow trout, few grayling Simon, 1939
1953 Brown trout, rainbow trout, few grayling

*These were listed as brown trout by Jordan but must have been
brook trout since the latter was abundant in the upper Firehole by
1891 and no record exists of its introduction.

T
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population; then after a period of sorting grayling required about

20 years for decline. This same general chronology was followed by
the game fishes in the Jordan River, Michigan, community (Figure 8).
In contrast, in both the Manistee and Au Sable rivers in Michigan, the
population increase of brook trout was nearly twice as rapid. The
Jordan River is an example of competition and——as will be brought out
later——the Manistee and Au Sable rivers, examples of habitat change.
It appears that the upper Madison River community had the timing of a
commnity disrupted by competition. There was an extended period
during which all species were abundant, more so than some other rivers.
Perhaps where no habitat change takes place the sorting of species
requires a longer time.

Central Madison River. The central Madison River has undergone

moderate habitat change, heavy fishing pressure, and community disruption
by introductions like that of the upper river,

The brown trout reached the central Madison River from the
Yellowstone Park introductions. No additional stocking of brown trout
took place until approximately 1926 (Fuqua, 1929). The rainbow trout
probably came from local introductions and downriver movement; by
1911 to 1916 both species were well established in Meadow Lake. This
permitted about 20 years for downstream movement and establishment.

Records of grayling, rainbow, and brown trout abundance are in
Tables 18, 19, and 20.

Figure 5 summarizes information regarding grayling, rainbow
trout, and brown trout abundance in the Madison River. The grayling
was plentiful until about 1920; by 1940 it was rare. The brown

trout was first caught by local fishermen in Ennis Lake around 1910,
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PABLE 18.-—Records of grayling abundance in the central Madison River,
Montana.

Date Observation Authority

1875 Poor fishing Fromm, 1941

1880 Plentiful Anonymous, 1920

1897 Many Letter at Bozeman Fish
Cultural Station,
Henshall, Nov. 9, 1897

1898 Few Anonymous, 1920

1899 None Kohles

1903 Lots Schbarber

1905 Best grayling fishing in the U.S. Anonymous, 1920

1905 Buckets full Baker, Sr.

1908 Boxes full (below dam) Schbarber

1908 Pitch forked out of 0'Dell Creek Kohles

1912 Very abundant Parker

1913 Par excellence grayling stream Mont. Game and Fish
Comm., 1914

1913 Catch many Baker, Sr.

1913 Good fishing for grayling, 0'Dell Mont. Game and Fish

Creek Comm., 1914

1913 Ennis Lake, fine grayling fishing Mont. Game and Fish
Comm., 1914

1915 Pitch forked out of 0O'Dell Creek Kohles

1915 Buckets of grayling from 0'Dell Creek Baker, Sr.

1915 Big decline Schbarber

1920 Trout most abundant Anonymous, 1920

1921 Caught many grayling Baker, Jr.

1929 Can catch out of any hole Fuqua, 1929

1933 Completely gone Baker, Jr.

1934 Some in Meadow Creek Brown, 1938a

1936 Eggs taken at 0'Dell fish trap Brown, 1938b

1943 Rare, Ennis Lake Brown, 1943

1951 Rare Nelson, 1954

1954 Rare Kruse, 1959
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TABLE 19 .--Records of rainbow trout abundance in the central Madison
River, Montana.

i Bt

Date Observation Authority

1913 Occasional Baker, Sr.

1915 Good fishing Anonymous, 1920

1920 Poor fishing Anonymous, 1920

1920 Eggs from Meadow_Creek Anonymous, 1920

1923 Brown and rainbow trout dominant Mont. Fish and Game
Comm.,, 1923

1928 Big catches Fugqua, 1929

1928 Very abundant in Meadow Creek Fuqua, 1929

1934 Some in Meadow Creek Brown, 1938a

and by 1913 to 1918 several accounts of brown trout abundance are
recorded; it has continued as the dominant trout. Few observations
on rainbow trout are available. But it appears to have reached a
peak soon after brown trout (1920-1930), then declined.

Figure 5 suggests a relationship between the increase of brown
and rainbow trouts and the decline of grayling. The general pattern
is similar to that of the Jordan River, Michigan, and the upper Madison
River, even including an approximate 20-year period for the rise of
exotic trouts and another 20 years for the decline of grayling.

Meadow Creek, a tributary to Meadow Lake and a creek from which
grayling spawn was taken for many years, had brown trout, rainbow trout,

brook trout, and grayling as late as 1934/{Brown, 1938a). Again, the

effect of artificial propagation is unknown, but Meadow Creek at this
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River, Montana.

TABLE 20.——Records of brown trout abundance in the central Madison

o Date Observation Authority
: \
v 1910 First large ones in Ennis Lake Baker, Sr.
o
R 1913 Caught lots through ice Baker, Sr.
o 1916 Lots Schbarber
e E 1918 Became thick Kohles
AR
e S 1919 Lots Baker, Sr.
i i
: 1923 Brown and rainbow, dominant fishes Mont. Fish and Game
e 3 Comm., 1923
-zﬁff . 1923 9 million eggs from Madison Valley Thompson, 1925
{i 4 4
; G 1924 12 million eggs from Madison Valley Thompson, 1925
Ty
W e
B 1 *7: 1928 Big catches Fugua, 1929
A §M 1928 Took 14 million eggs from Meadow
e Creek Fuqua, 1929
ih i o 1933 Peak of brown trout Baker, Jr.
.t e 1934 Some in Meadow Creek Brown, 1938a
& i ‘F
el time must have been in the sorting period when all species are present.
A

may be a major factor,

B This same period is evident in nearly every instance where competition

An introduced species must reach a certain

%%? 3 population density in relation to the existing community and in relation
: G ? 1o environmental resources before severe competition takes place
.ﬂi | ' (Crombie, 1947). In trout-grayling communities that have not undergone
N%C; marked habitat change, it seems to require 15 to 20 years for the
5 % 0 introduced trout to reach a severe competitive level, and then, a

i similar period of time for grayling decline.
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Superimposed upon both of the Madison River fish communities
has been increased fishing pressure during the period of competition.
Grayling decline occurred at about the same time in both communities,
although exotic trouts were present for a longer time in the upper
river. Heavy exploitation, however, took place at the same time in

the two communities.

Centennial Valley

In the Centennial Valley, Beaverhead County, Montana, Brower
(1897) noted the abundance of cutthroat trout and grayling in the
upper valley, and Henshall (Bozeman Fish Cultural Station, letter,

Oct. 31, 1897) wrote that Upper Red Rock lLake was mainly a grayling
lake. Blair (1897) advertised excellent grayling fishing in the
streams from May to September, From 1898 to 1913 millions of grayling
eggs were taken from Elk Springs Creek, which contained an enormous
number of grayling (Henshall, 1907). BEarly settlers said that grayling
continued to be abundant until approximately 1935 to 1940. However,
Nelson (1954) found grayling rare in lower Red Rock Lake and fairly
common in the upper lake. This population is the only one within

the original range of the southern populations that has maintained
itself without extensive artificial propagation.

The rainbow trout was first planted in Culvers Pond in 1899
(Bozeman Pish Cultural Station planting records). Henshall (Bozeman
Fish Cultural Station, letter, Feb. 10, 1903) commented on how success-—
ful the introductions had been. In fact, the Bozeman Station in 1905
received 40,000 rainbow trout eggs from this source. The species has

continued to do well in Elk Springs Creek but elsewhere in the drainage
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is limited.

The date of the introduction of brook trout into the Centennial
Valley is unknown. No mention is made of planting it in this area during
the early years of the Bozeman Station when brook trout was planted
throughout the state. Montana State put 35,000 brook trout in the
Red Rock drainage in 1913 (Mont. Game and Fish Comm., 1914). This
may have been one of the first introductions for local ranchers also
mention this date as the approximate time when brook trout first
appeared. The species has done well. Both brook trout and grayling
were abundant for approximately 20 years before grayling began to
decline. This again follows the 20-year cycle of the species in other
streams where competition was important.

Local distribution of rainbow trout probably lessens its role
as a grayling competitor. The brook trout, on the other hand, has
spread throughout the valley, but it seems to have some separation
from the grayling as the result of different habitat preference. The
brook trout is mainly a permanent resident of the upper reaches of
tributary streams, whereas grayling inhabits the lake and makes short
spawning runs into the lower stream reaches.

Nelson (1954) found that grayling moved only a short distance
up Red Rock Creek to spawn. It shows an inverse relationship to brook
trout both in time and in distance upstream (Table 21), The question
then arises, is this separation a result of competition, habitat
preference, or both.

Section 1 is nearest the lake; the stream gradient is approxi-

mately 10 feet per milej erosion is common; and the bottom is composed

of fine gravel, silt, and sand. Section 2 has a gradient of 15 feet
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TABLE 21,—Number of grayling and brook trout taken in three &00—foot
sections of Red Rock Creek during the summer of 1952. Modified from
Nelson (1954).

M

Section 1 Section 2 Section 3
Date Brook Brook Brook
Grayling trout Grayling trout Grayling trout

June 28-July 1 9 1 7 10 1 50
Aug. 12-14 5 4 0 38 3 102
Sept. 12-14 0 1 1 11 0 56

per mile, and bottom materials are coarse and fine gravel., Section 3
is further upstream; the gradient is approximately 25 feet per mile;
and the bottom materials are gravel and rubble. The grayling, then,
is most abundant in sections 1 and 2, but the brook frout is mors
common in section 3. It is well established that brook trout do well
in turbulent mountain streams but that grayling prefers a stream with
a lower gradient and a non-rubble bottom. Since brook trout is rela-~
tively non-migratory in this area, beaver dams would not interfere with
its life cycle as they do grayling.

Nelson (1954) found many more grayling than brook trout in
Upper Red Rock lake. The grayling, but not brook trout, spends much
time in the lake. The few brook trout captured were taken near the
mouth of Red Rock Creek. Therefore the main overlap in habitat is
for a short period at the time the grayling spawn in the central section
of the stream, However, since the concentration of grayling while in

the stream is below this point and the concentration of brook trout is

above, streams may not be an area of critical competition.




CHANGES IN LAND USE AND AQUATIC HABITAT

Man as a dominant organism upon the earth has a history of
using more and more earthly resources in order to meet his rapidly
rising needs. In many regions fresh water is one of the most critical
resources. However, often rivers and streams are greatly changed not
only by use of water itself but also by land use on the watershed
(Eschmeyer, 1955). Water courses form long, sinuous ecosystems that
expose much flank area to possible influence from land—use activities.
It is this boundary phenomenon that makes aquatic habitats so easily
influenced by land use.

Logging and agriculture, along with their many ramifications,
are the two land-use practices most influential upon grayling habitat.
Logging prevailed in the Michigan grayling region almost to the exclu—
sion of agriculture, whereas the opposite was true in Montana.

Land cultivation or grazing was limited and widely scattered
in central Michigan during the period of grayling decline. Ité possible
influence is so slight that it will not be considered except for the

Otter River.
Agriculture on Montana Watersheds

In Montana, where decline of the grayling occurred later than

in Michigan and where grayling habitat was in regions of the best local

farm land, agriculture was extremely important. Irrigation was probably

_97_
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the most potent phase of agriculture, but land and stream—side clearing
and grazing were also important. Since it is difficult to separate

the effects of various aspects of agriculture, it is necessary to
discuss several individual Montana watersheds and analyze the salient

features of each.

Sun River Watershed

Nearly all bottom land in the lower Sun River Valley, Cascade
County, Montana,is irrigated; uplands and slopes are pastured. The early
practice was to water crops in late June and early July and to irrigate
hay fields in late August (Wilson, 1893). Private irrigation started
in 1868. Almost every homesteader built a dam toldivert water from
the stream bed. Before 1900 nearly all small tributaries were used
for irrigation because they could be dammed easily and diverted through
ditches to the low-lying valley floor. At this time stream flows were
good and relatively stable. Accordiﬁg to early settlers, it was diffi-
cult to find a shallow place to ford the Sun River. Now, during late
summer, the stream may dry to disconnected pools.

The Fort Shaw Irrigation Diversion made water available for

252 farm units in 1910 (Bureau of Reclamation, 1948). By 1912 all

except 36 farms were occupisd. Willow Creek Reservoir, cempleted in
1911, blocked one main tributary of the Sun River. Construction of
Gibson and Diversion dams, along with a reservoir—canal complex, began
in 1913, making water available in 1920 for the 50,000-acre Greensfield
Division. As water was removed from the river by both private and
public projects, temperature of low, summer-water flows must have

become higher than formerly, and the silt load must have increased
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from returning irrigation water and erosion. As early as 1905, the
ordinary summer flow of the Sun River was nearly all utilized (Recla-
mation Service, 1907). Subsequent irrigation water came from the
storage of flood flows.

The grayling, mountain whitefish, and cutthroat trout were
abundant in the Sun River until the early 1900's., Mr. Ford (pers.
interview), who has lived along the river since 1883, reported that
grayling was seen in large numbers in clear holes until about 1908,

By about 1913 the grayling was nearly gone. The rainbow trout was
planted first in 1913 (Mont. Game and Fish Comm., 1914), and local
residents reported the earliest catches of it by 1915. The brook
trout was also introduced about this time but has never done well in
this area. Since the exotics did not become well established until
after decline of the grayling, habitat changes must have been the
major cause of decline.

It seems doubtful that high water temperatures alone could have
been the determinant of grayling decline in the middle and lower reaches
of the Sun River. This fish was reported to be concentrated in the
upper reaches and tributaries during late summer, although some were
caught in the summer months from cold spring holes all along the river.
If this upstream movement during the summer were necessary, dams that
stopped migrations would keep fish from ancestral spawning grounds and
restrict them to a section of the river that had higher water tempera-—
tures. The first small private dams for irrigation were simple rock
barriers located on sites most favorable to divert water from the
stream bed. These barriers usually washed out each year during spring

runoff. As less favorable sites were used ang better construction

Eicoaciaslh =g =
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materials became available, more sturdy and higher structures were
built. PFederal participation in irrigation development from 1906 to
1920 accelerated complete or nearly complete blockage of fish movement.
Upstream movement by grayling in the Sun River may have been an adap- !
tation to avoid poor water conditions similar to the adaptation of
northern grayling that move into clearwater tributaries during the .
The grayling diminished in the Sun River about the same time
that large areas of land were opened to cultivation by development of

water diversion and storage structures. Whether & temperature thres-

hold, a blocked spawning migration, or the accumzlated loss of tributary
habitat was the major factor is not clear. Probably all were important.

Competition with trouts did not seem to be involved,

Sheep Creek Watershed

Sheep Creek, a tributary of Smith River in lieagher and Cascade

counties, Montana, is an example of optimum grayling habitat lying in
optimum local agricultural land. The central portion of the watershed
widens abrupfly into a small mountain valley approximately S-miles long
and l-mile wide. Sheep Creek meaﬂders through this low-gradient section
between willow-lined stream banks. Numerous small tributaries converge
toward the main stream in the valley. Both below and above this valley
topography steepens.

v Head (1874), Ludlow (1876), and Prisson (1898) found grayling,
mountain whitefish, and cutthroat trout veéry common in Sheep Creek.
Mr. Coburn (pers. interview), who lived at the mouth of Sheep Creek
on Smith River from 1898 to 1913, said that these same fishes, plus

suckers, were abundant in that area. Around 1900-1910 Mr. Ford
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frequently fished the central section of Sheep Creek and caught many
of the grayling. By 1915 a marked decline was obvious.

Five thousand each of brook and rainbow trouts were planted in
Meagher County in 1898 (Bozeman Fish Cultural Station stocking records).
Although the exact stream or streams involved are unknown, at least
some of them could have been in the Smith River drainage. However,
early settlers say that exotic trouts were not abundant until 1920.

In 1915 a strange silvery "trout" (probably one of the introduced
species) caught in Smith River caused considerable excitement because
no one knew what kind of fish it was., The most abrupt decline of
grayling took place before exotics were plentiful.

The only cultivation in the Sheep Creek drainage is in the
lowlands of the valley where water rights were first taken in 1875,
and all easily usable water had been commandeered before 1900 (Mont.,
State Eng. Office, 1950). Small springs and tributaries in the valley
were diverted into ditches. The main stream was completely dammed
in several places causing the channel to be dry in some sections until
seepage re—entered the channel. Prisson (1898) mentioned that Sheep
Creek runs through a section of mountain meadows where the slowly
flowing water provides the best grayling fishing. This rich alluvial
bottom land was the first and only area in the Sheep Creek drainage
to be cultivated. It is the same area that has the necessary topo-

graphic features for grayling habitat.

Gallatin Valley
The Gallatin Valley, Gallatin County, Montana, including both

the lower Gallatin River and the East Gallatin River with their tribu-
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taries, was probably at one time excellent grayling habitat,

The grayling was reported in the Gallatin River byPCope, 1872;
Curtis, 1884; Evermann, 1893; Harris, 1887; Henshall, 1902; Jordan,
18913 Jordan and Bvermann, 1902; and Milner, 1873. Nearly all the
above authors found grayling coexisting with cutthroat trout and
mountain whitefish. Interviews with seven early settlers during the
‘summer of 1961 provided additional information for the period from
1900 to 1920. The grayling was abundant up to approximately the
mid-1890's. Harris (1887) wrote of excellent fishing for this fish
near the mouth of the Gallatin River. Evermann (1893), a few years

later in 1891 while searching for a suitable fish hatchery site on {

Bridger Creek, noticed that Bozeman Creek abounded with the species. i
Apparently these observations were made near the end of grayling i
abundance, for on June 30, 1899, Dr. Henshall wrote in the appendix k
to his annual report: "The native fish of Bridger Creek are cutthroat
trout, whitefish and an occasional [italics mine] grayling." Jordan
and Evermann (1902) said that there were few grayling left in the
Gallatin River. Early settlers of the Gallatin Valley agree that by
approximately 1900 grayling was almost gone from the lower river.

A fish cultural station of the U.S. Commission of Fish and
Fisheries was constructed in 1896 at the entrance to Bridger Canyon
four miles east of Bozeman. Under the capable direction of Dr. James
A, Henshall, who arrived early in 1897, this hatchery carried out the

first introductions of brook and rainbow trouts into the Gallatin

Valley. From hatchery stocking records and letters, the following

fry planting data were assembled:
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1897 Brook trout and rainbow trout escaped from the hatchery
into Bridger Creek

1897 Rainbow trout were accidentally stocked in Bozeman Creek
when buggy wheel hit a large rock and a can of 500 fry
jolted into the creek

1897 Rainbow trout, Mystic Lake——25,000

1897 Rainbow trout, Willow Creek near Poney——10,000

1898  Brook trout, tributary of Rock Creek--5,000

1899  Brook trout, near Bozeman

1899 Brown trout, pond near Bozeman

1900 Brook trout, near Bozeman

1900 Rainbow trout, Bridger Creek

1901 Brook trout, near Bozeman

1901 Rainbow trout, Bridger Creek

The foregoing introductions of brook and rainbow trouts took
place dﬁring the latter part of the grayling decline (Figure 13).
The decline was abrupt, which, as discussed in the preceding chapter,
is not typical of a grayling population when subject to competition.
As early as 1911 (Field and Stream, Mar., 1911, p. 1095) the Gallatin
River was being advertised as an excellent stream for brook, brown,
and rainbow trout fishing. The fact that introductions of these
trouts were not made until 1897 and then only in the headwater
tributaries of the East Gallatin River (Figure 14) raises questions
as to how influential they were in grayling decline.

There are no records of exotic trouts being planted in the

West Gallatin River before 1902. Fish from a private hatchery or

JuT s
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from the Bast Gallatin River may have been transported to the main

river before official stocking took place. (William Dilts of Orando,
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Figure 14.--Map of Bast Gallatin River and lower West
Gallatin River drainages, Gallatin County, Montana. The approx-—
imate location of the first introductions of exotic trouts are
marked by an X,

Montana, had a hatchery in 1897 from which trout, species unknown,
could be purchased.) These early introductions did well, for in a
letter dated July 7, 1899, Henshall said that brook and rainbow trouts,
which had escaped two years before in Bridger Creek, were up to 12
inches in length. And in a letter dated November 9 of the same year,
brook trout liberated in Bear Creek and Bear Gulch Creek in 1897 were

up to 12 inches by that summer. (No mention was made in the stocking
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records of this plant. A Bear Creek tributary to Rock Creek is the
probable location.) The rainbow trout of the same age in Mystic Lake
was 10 inches, and in Bozeman Creek, up to 14 inches (Henshall, letter,
Aug. 13, 1899). The rainbow trout did much better in Bridger Creek
than brook trout (Henshall, letter, Mar. 20, 1900).

It was at the Bozeman Fish Cultural Station that grayling was
first propagated in numbers. Beginning in 1898 eggs were taken from
mature fish in Elk Springs Creek, and then in 1913, from Meadow Creek
on the Madison River. Many of the early plantings up to 1907 were in
the Gallatin Valley; after this, emphasis was on tributaries of Upper
Red Rock lLake and on the Madison River drainage. There are few indi-
cations of success of these early attempts at artificial propagation.

A complex system of water diversion has greatly altered the
natural drainage pattern of the lower river., In 1952, 107,251 acres
were irrigated with about two—thirds of the water-coming from the main
Gallatin River (Pigure 15). Hydrographs taken in late summer show a
decrease in flow downstream (Hackett et al., 1960; see graph, p. 89).
Some sections of the lower river are completely without water for
short periods during August and September (Dunkel, 1955). In addition
to the irrigated lands, approximately 150,000 acres of the watershed
are dry farmed each year.

The first irrigation ditches were dug in 1864. A sharp increase
in irrigated lands occurred in 1866 as gold miners flocked to the
region. Before the turn of the century nearly all available water had
been appropriated. In fact, on many tributaries a water right dated

after 1880 is of little value since it receives only flood waters.

Pirst lands to be cultivated were those that lay favorably along the

o Sarnon T
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Figure 15, Map of Gallatin Valley, Gallatin
County, Montana, showing the extent of irrigated lands
in 1952, From Hackett et al. (1960, p. 36). Expla-
nation: shaded areas are irrigated lands; dashed line
shows wvalley border.
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rivers and tributaries where small creeks and the main river could be ;
developed easiest for irrigation. One of the larger diversions was
completed in 1891: a 1l4-foot-wide canal from near the canyon mouth
along the west side of the valley. In 1889-1891 a drought damaged

many crops and caused the enlargement of irrigation systems (Newell,

1893).

&

Between approximately 1890 and 1900 the grayling population of

SRR

the Gallatin Valley took a sharp drop and has never shown indications

of recovering. Water removal from the streams began in 1865. After

an initial rise, use was fairly constant until around 1882 when an

Vi

increase began that rose abruptly in the late 1880's, culminated during
the drought of 1890, then leveled off again after 1905. 4s an index

of change in water use, the dates and amounts of water appropriations
of the irrigation organizations listed in Water Resources Survey of
Gallatin County (Mont. State Eng., Office, 1953) were tabulated as to
total water appropriated for each year from 1865 to 1905 (Table 22).
This is not a complete account of all water rights of the Gallatin
Basin, but it prbvides an index of use increase., Figure 13 shows 5
increase in use of water and, as far as data permit, decline of the

grayling. The two lines have an inverse relationship. The requirements

e

of grayling were once met in the Gallatin Valley below the canyon mouth.

AytErE

R

This was the same area in which irrigation became extensive, land was

Icleared, stream channels were changed, and small tributaries were

ek

diverted. Other fishes with less stringent ecological requirements

Lot e

than grayling could either survive under the modified conditions (as

did the mountain whitefish) or else persist in the headwaters (as did

the cutthroat trout) upstream from the agriculture zone.

——
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PABLE 22.——Partial water appropriations from the Gallatin River drain-

age, Montana. Adapted from Water Resources Survey of Gallatin County,

‘Montana State Engineer's 0ffice, 1953.

Amounts in miner's inches.

(cfs = 40 miner's inches).

Accumilative
total

Accumulative
Year Total total
1864 200 200
1865 1465 1665
1866 4283 5948
1867 255 6203
1868 1053 7256
1869 200 1456
1870 2026 9482
1871 200 9682
1872 1125 10,807
1873 250 11,057
1874 328 11,385
1875 175 11,560
1876 0 11,560
1877 100 11,660
1878 125 11,785
1879 75 11,860
1880 100 11,960
1881 355 12,315
1882 2074 14,389
1883 3199 17,588
1884 579 18,167

1885 60 18,227
1886 1600 19,827
1887 1049 20,876
1888 1050 21,926
1889 1785 23,711
1890 13,342 37,053
1891 6601 43,654
1892 1820 45,474
1893 1147 46,621
1894 2340 48,961
1895 40 49,001
18956 158 49,159
1897 43 49,202
1898 172 49,374
1899 323 49,697
1900 108 49,805
1901 5000 54,805
1902 19 54,884
1903 0 54,884
1904 373 55,257
1905 51 55,308
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The grayling remained longer in the lower Gallatin Canyon than

in the valley area (Table 23). As mentioned previously, land and water

TABLE 23.,--Comparison of grayling decline in the Gallatin Valley and in
the Gallatin Canyon near Gateway, Montana. (Authorities without dates
are from personal interviews in 196L)

!l

. Lower wvalley Lower canyon

Date Observation Authority Date Observation Authority
1887 Abundant Harris, 1887 1908~9 Abundant Top

1891 Abundant Evermann, 1893 1910 Oceasional  Parker
1899 Occasional Henshall, 1899 1914 Some Allen
1900 Rare Lane 1922 Few Davis
1902 Very few Jordan and

Evermann, 1902
1910 Occasional Parker
1913 None Davis

use within the canyon has been and is limited, so habitat probably
changed slowly. A limited area of suitable habitat enabled grayling

to survive longer than in the intensely cultivated lower valley.

Madison River

Although the Madison and Gallatin are adjoining rivers, grayling
decline followed a different pattern. In fhe Gallatin River decline
was between 1890 and 1900; in the Madison River, Madison County, it
was between 1915 and 1935. The decline was abrupt in the former, gradual
in the latter.

Land and water use has been less severe in the Madison River
drainage than in that of the Gallatin River. Irrigation above Meadow

Lake in the Madison Valley is limited to scattered locations but
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becomes extensive in the Ennis area. The following data from Montana

State Engineer's Office (1953 and 1954) illustrate some differences:

Madison River Gallatin River
Average flow 1,615 cfs 933 cfs
Maximum flow 7,750 cfs 7,870 cfs
Minimum flow 409 cfs 130 cfs
Drainage basin 2,485 sq. mi, 1,900 sq. mi.
Irrigated lands 7,984 acres 111,345 acres

The Madison is a larger river with a more uniform flow, partially
because of two mainstream dams, and it has much less irrigated land
than the Gallatin. Thus, habitat change was not as severe. Although
irrigation is limited, it still may have been important to grayling
by occurring on critical low-to-medium~gradient deltas and alluvial
plains. Some changes did take place, for Thompson (1925) noted the
changing water conditions and encouraged the stocking of brown trout
since it was believed to be suited to the poorer waters., Populations
of grayling remained high for nearly 20 years after cultivation became
widespread. Under extensive habitat changes as occurred on the Gallatin
River, a sudden population drop is expected, not a‘slow decline. The
possibility must be considered that hatchery plantings of grayling
supplemented the natural population in the Madison River.

What may happen under greater water use in the Madison Valley
is suggested by the seemingly sudden decline in grayling just prior
to 1900. Before the two reservoirs were formed, the large arable area
near Ennis was deficient of water (Newell, 1893). The drought of

1890 to 1893 severely strained available water supplies. After
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construction of Ennis Dam and easing of the drought, grayling increased
(Pigure 5). The Ennis impeundment became suitable habitat for grayling
to spend the non-spawning part of the year. The lake furthermore
stablized water flows in the area and reduced demand on the tributaries
for water.

In the Madison River both at Ennis and in Yellowstone National
Park, the grayling and the introduced trouts were abundant at the same
time. This did not happen in the Gallatin River drainage. There
grayling was first abundant and subsequently it was replaced by
introduced species. The Madison situation suggests competition,
whereas the Gallatin, a habitat change that favored the new species,

In contrast to the Gallatin Valley, where accidental plants of
trouts thrived and rapidly became dominant, the few plantings in the
Madison River drainage did not seem to flourish. This suggests that
the small introductions could not successfully compete with established
populations. It took the well-established exotic trout populations
of the upper Madison River to infiltrate slowly the natural population.
This would be the more common accurrence unless, as in the Gallatin

Valley, a habitat change favored the new species,

Centennial Valley

To appreciate habitat changes in the Centennial Valley, Beaver-
head County, caused by man and by geologic aging, a more complete
description of the watershed and a brief history of land use are
necessary.

The Centennial Valley, approximately 50 miles long and 8 miles

wide, is located just north of the continental divide in the south-
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western corner of Montana. The southern slopes and %alley floor are open
meadows and sagebrush flats, whereas northern slopes are forested with
spruce and fir. Water courses are commonly bordered by willows. This
basin is the headwaters of the Beaverhead Fork of the Jefferson River.

Two lakes, Lower Red Rock Lake and Upper Red Rock Lake, lie in
shallow depressions on the fairly level floor of the valley. Lower
Red Rock lLake has approximately 1,126 surface acres and a maximum depth
of 3 feet; Upper Red Rock Lake has 2,206 surface acres and a maximum
depth of 6 feet, although much of the lake is less than 4 feet. A
smaller lake, Swan Lake, with 323 surface acres, is connected to the
upper lake on the north. Swan lake has a water depth of 6 to 10 inches;
high water temperatures are the rule from middle to late summer. Ilk
Springs Creek flows through Swan Lake and into Upper Red Rock lake.
All of the lakes are so densely vegefated that an airboat is required
to travel on them.

Streams on the valley floor meander and are of medium gradient,
Red Rock Creek, the principal inlet of Upper Red Rock Lake, flows
westerly through both lakes and down the valley for approximately 12
miles below the lower lake into Lima Reservoir. Stream channels have
been altered by diversion for irrigation and by beaver dams., Some
smaller streams are diverted as they reach the valley to flow along ’
small ridges, thus, making diversion for irrigation easier. This
practice discourages the formation of well-defined stiream channels.
Stream bed materials usually consist of coarse-to—fine gravel in the
upper valley and sand and silt near the lakes and in the lower valley.

Upper Red Rock Lake was found by Nelson (1954) to be homothermous

with a maximum temperature of 76" F. during the summer of 1952. Red
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Rock Creek reached a maximum of 65° F. during the same period. Elk i
Springs and Culvers Springs, tributaries of Elk Springs Creek, have  VV

nearly constant temperatures of 58" F. and 41° F., respectively

(Banko, 1960).

History. Prior to the arrival of the first settlers in 1876

to raise cattle, the Centennial Valley had long been used by the

Banncock Indians as a hunting grounds. By 1889 several ranches were

scattered throughout the valley utilizing the abundant grass (Brower,

-1897). At this time, according to Brower, the lakes were waterfowl
hunting grounds, and water was used extensively for irrigation. Land-
use conditions were fairly stable for a period as nearly all the land
was owned by a few early settlers and kept within the family. Abuse
through overgrazing was much less than in many other areas of‘Montana
during this time. BEven as late as 1953 the Centennial Valley had

changed less than other areas of the Beaverhead River drainage (Nelson,

1954) .
Red Rock Lake Migratory Waterfowl Refuge was formed in 1935 to

benefit the trumpeter swan. The refuge is 40,000 acres in area and

Irrigation and

includes the three lakes, surrounding marsh, and land.
grazing continues on the refuge. In fact, CGraham (1959, p. 4) wrote
that "cattle as well as swan apparently have priority over grayling."

In recent years habitat deterioration in the valley has become

worse. Overgrazing is pronounced and water diversion to the extent of
nearly drying up the streams occurs. Much of the abuse is in the upper

valley where grayling persists.

Early settlers agree that the lakes and streams have changed.

There is less willow along stream banks; Red Rock Creek has less flow
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and fewer holes than formerly; water fluctuations are greater.

Water diversion into irrigation canals carries many fry into
fields., Nelson (1954) found an average of 0.5 to 2.5 grayling fry
per cubic foot of water in irrigation ditches in late June and early
July. These fry are quite helpless in water currents.

Changes in water depths. In 1896 Brower (1897) made a few

soundings in Lower and Upper Red Rock Lakes. Depths recorded in the
lower lake were 2, 3, 4, and 6 feet; in the upper lake, 10, 15, 20,
and 25 feet. This is considerably deeper than the 3~ and 6~foot
maximum depths respectively reported by Nelson in 1954. It is nearly
impossible for the basins to have filled to this extent, but it must
be recognized that the lakes are rapidly becoming some shallower.
About 1900 the Wetmores operated a hunting lodge on the south shore
of Upper Red Rock Lake and used a paddle wheel boat to carry sportsmen
out on the lake. This is a sharp contrast to 1958 when Montana State
fishery personnel could not even paddle a rubber life raft through
the aquatic plant beds to cross the lake,

Shallow lakes in regions of low precipitation, as thosg in the
Centennial Valley, are sensitive to fluctuations in precipitation.
In 1890 sections of Red Rock River were nearly dry in the course of
the summer (Newell, 1893). During the severe drought of 1930 to 1936,
the Red BRock Lakes were lowered considerably. In 1930 Lower Red Rock
Lake was almost one-~half its usual size-——ranchers were mowing hay on
what had once been lake bottom and the remaining water was stagnant
(James, 1930)=-so a small dam was constructed at the outlet to raise

the water level., ZEven then for a number of years water covered only

a fraction of the original area. At times between 1933 and 1937 there
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was no flow over the dam (U.S. Geol. Surv., 1959).

In 1895 an attempt was made to dam Red Rock River at the lower
end of the Centennial Valley. 4 summer flood washed out the dam that
ﬁas to store water for irrigation (Brower, 1897). It was replaced by
Lima Dam that formed a reservoir near this site in 1902; but it was
washed out again in May, 1933. Repair was completed the next year.

Not enough water has been available in recent years to fill the reservoir.

No long-term stream flow records have been taken above Lima Dam.
The data from below the dam are typical of other streams in the region
and show the effect of the 1930 drought on stream flow in Centennial
Valley (Table 24).

TABLE 24.--Regulated flow of Red Rock River below Lima Reservoir,

Beaverhead County, Montana. Note reduced discharge during drought
years of 1931 to 1937 (U.S. Geol. Surv., 1959).

Flow Flow ﬁ Plow
Year (cfs) Year (cfs) Year (cfs)
1910 @ ——— 1925 — 1940 106
1911 — 1926 149 1941 64 .8
1912 176 1927 170 1942 95.1
1913 270 1928 134 1943 141
1914 232 1929 114 1944 133
1915 228 “ 1930 - 116 1945 129
1916 206 1931 69 .4 : 1946 164
1917 240 1932 86.2 1947 188
1918 ——— 1933 91.9 1948 141
1919 — 1934 S 1949 145
1920 ——— 1935 59.5 » 1950 149
1921 — 1936 | —
1922 —_— 1937 60.6
1923 —_— 1938 105
1924 —_— 1939 —

M
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Organic matter typically builds up quickly in shallow lakes
when rooted aquatic plants grow over the entire bottom. Added to the
vegetative deposition in the Red Rock Lakes has been silt from the
inlet streams, especially from meandering Red Rock Creek. Some bends
on the ten-foot—-high creek banks are eroded back several feet each
year. Refuge personnel straightened the channel in 1960 to help reduce
erosion and subsequent filling of the lake.

Banko (1960, p. 72) stated that '"the very fertile bottom of
Upper Red Rock Lake supports an almost unbelievably abundant and
luxuriant growth of aquatic plants" and listed the following species

and the percentage of lake area covered by each:

Upper Red Rock Lake

Species Percentage
Elodea canadensis Michx. 41
Chara spp. L. 22
Bare 12
Potamogeton foliosus Raf, 5
P. pectinatus L. 4
Miscellaneous 16

Lower Red Rock Lake

Species Percentage
Elodea canadensis Michx, 39
Bare 19
Algae 12
Potamogeton richardsoni (Benn.) Rybd. 9
Sagittaria latifolia Willd. 5
P. pectinatus L. 2
Miscellaneous 14

The bottom of the Red Rock Lakes is a mucky matter composed of
decaying vegetation, other organic material, and mineral soil. Decompo-

sition is slow and the accumulation of organic matter on the bottom is
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greater than the annual deposition from life in the lake would indicate
(Banko, 1960).

Results of changes. Through the combination of geologic erosion,

human-accelerated erosion, and water-level response to fluctuation in
precipitation, the habitat afforded'by Upper Red Rock Lake is changing
rapidly. The lake is now marginal for grayling, brook trout, and
cutthroat trout, and probably only through the many cool, well-aerated
springs and inlets are these species now able to survive in it.

Lewis and Clark reported catching what were later thought to
have been cutthroat trout, mountain whitefish, suckers, and grayling
in the upper Beaverhead River above Dillon, Montana (Coues, 1893).
Evermann (1893) found grayling, mountain whitefish, suckers, dace,
sculpins, and one specimen of burbot at collecting stations near
Dillon and near the village of Red Rock. The burbot was reported
by local settlers to Evermann as being common in Red Rock Lake.

Lewis and Clark in 1803 found trout abundant and grayling apparently
scarce, whereas Evermann in 1891 found grayling abundant but no trout
in the same area at approximately the same time of the year,

Although there are no early records of non-game fishes in the

LTREATESS

Centennial Valley, it would appear that since all species common to
the upper Missouri River drainage were found in the upper Beaverhead

River they would also be in the Centennial Valley. 1In contrast to

Shagies

this is the almost unanimous opinion of early settlers in the

Centennial Valley that no suckers were present in the Red Roeck Lakes
until after Lima Dam washed out in 1933, The common belief is that
a concentration of suckers below the dam then mowved into the lakes. i

It is untenable to accept the premise that suckers had not previously
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found their way up the easily accessible water course from the upper

Beaverhead River. But undoubtedly suckers were not as abundant in the i

early 1900's as after 1940. The chronology suggests that habitat i
change may have been a factor. The low waters during the drought o
plus the gradual shallowing of the lakes changed the waters from ?ﬁ

being more suitable for grayling to being more suitable for suckers,

Suckers, hardier fishes, thrived in the shallow waters, muddy, weedy

bottoms, higher temperatures, and lower dissolved oxygen content.

Local residents have made.suckers the scapegoat of the decline
of grayling. From the unanimity of opinion, it is apparent that this
topic is discussed often. New residents tell almost word for word
the same course of events as old residents.

During the extremely low waters of the mid-1930's, local ranchers
noticed many individuals of the grayling to be stranded and d&ing by

the hundreds in Red Rock River below the lower lake and in the lakes

themselves; only those spring-fed streams flowing into the upper lake

had enough flow to sustain adequately the fish. During the dry years
irrigation water was in greater demand; individual dams were made
higher and tighter, further reducing the already limited flow.

Elk Springs Creek no longér supports grayling but mainly
rainbow trout and, sparingly, brook trout. This stream has changed
little in historic times, aside from the two ponds in its headwaters.
The question can be raised whether Swan Lake may be acting as a block
between the stream and the main lake. Being so shallow, the water
must get warm and the dissolved oxygen content low. This could stop
either the upstreanm Spawning migration or, more likely, the downstream

return of adults and young later in the summer. Unsuccessful attempts
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to restock Elk Springs Creek suggest that, since the creek is appar—
ently adequate grayling habitat, inaccessibility of the lake may be i
interrupting the life cycle. ‘.
£ The Red Rock Lakes are the only natural lakes directly acces- ;w

sible to fishes in the basin of the upper Missouri River. Therefore,

|
this is the only grayling population within the native range of the i
grayling in Montana to have this lake-inhabiting, spawning-migration l

life cycle. Populations in other streags probably followed a similar |

pattern except that it was between a larger river and a tributary for !|
spawning or it was within the river from pool to riffle. Before .+
intensive land use there were approximately 48 streams flowing into .
the Centennial Valley. In 1951 only parts of five streams remained -ﬂ

accessible to migrating fishes (Nelson, 1954). Irrigation and beaver

dams have been the major factors in this reduction. The loss of spawn-
i

ing area has unquestionably been serious. The dividing and subdividing

of channels and reduction of already low flows have reduced the quantity

e
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of spawning area. The quality of spawning area has probably also suffered

as land use with its attendant siltation has increased. For example,

&
#
-
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i

turbidity made spawning observations difficult in lower Red Rock Creek

in 1952 (Nelson, 1954). The result of deterioration of stream habitat
has been that grayling must spend more and more time in the lake.

Increase in use of lake environment has aggravated the effects

of the changing lake habitat. Low dissolved oxygen content during the
winter forces grayling into the few deeper or spring areas of the upper

lake. There it must compete with the hardier suckers for limited space
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and oxygen. The suckers thrive in shallow, warmer waters during the

summer and can withstand lower dissolved oxygen content during the
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winter than grayling. With the several-foot-thick ice cover for six

to seven months and decomposition of the abundant vegetation, dissolved
oxygen must be ab a premium during the winter. The change in species
composition from trouts to suckers when silt and temperatures increase
is not uncommon. On the Tobacco River, Michigan, a marginal trout
stream, the change is abrupt where soil type and land use change
(Spaulding et al., 1961).

The importance of the longnose sucker as a food competitor with
trout and probably also grayling is not clear (Brown and Graham, 1954).
In Alberta partial control of longnose suckers increased the populations
of the mountain sucker, rainbow trout, and lake trout (Rawson and
Elsey, 1950). Removal of rough fishes, including many suckers, from
Russian River, California, increased trout reproduction (Pintler and
Johnson, 1958). Sucker fry were found amongst weeds and in backwaters
of Yellowstone Lake and tributaries (Brown and Graham, 1954); these
are the same areas that fry of the grayling seek.

The grayling in the Red Rock Lakes is being subjected to the
adverse conditions of its lake environment, of migration route obstruc-—
tions, and of deteriorating stream conditions. The brook trout, on
the other hand, remains a permanent resident in the upper reaches of
streams where neither siltation nor water diversion are as severe;
its reproduction is not delayed or stopped by obstructions; and winter-
time dissolved oxygen is abundant.

The grayling has persisted within its native Montana range by
utilizing Upper Red Rock Lake after stream conditions became untenable
elsewhere. Now, as the result of geologic aging of the lake and

increase siltation from land use, the upper lake is gradually becoming



- 122 -

only marginal grayling habitat but good sucker habitat.

Agriculture on the Otter River, Michigan

The grayling population of the Otter River, Michigan, was
reported by Kroll in the late 1880's (BEast, 1930) to extend along a
6~mile section of North Branch Otter River immediately above Bear
Creek (Figure 16). In this area the river meanders through limited
bottom land of sandy, humus soil and this was the best section of the
river for the grayling. Lowe (1925) in 1925 found grayling 2 miles
further up the west branch of the Otter River than in 1923 but not
up North Branch Otter River above "Hanchettes" Bridge. In 1926 grayling
was 1 1/2 miles further up stream than in 1925. It seems that as land
along the North Branch was cultivated and the river changed, the
grayling moved down toward the forks and up the west branch into an
area previously unoccupied by the species. Since 1914 water has been
increasingly diverted from the North Branch Otter River for irrigation
(Mich. Dept. Cons., 1935). In 1925 Lowe (according to Taylor, 1954)
mentioned the radically changed conditions of the Otter River, the
increased silt, the increased number of sand beds, fluctuations of

floi, and deforested stream banks.

Barriers to Fish Movement

Migratory tendencies of grayling seem to vary according to the
available habitat and existing conditions. The Michigan grayling was
thought by many early observers to be sedentary, with no spawning
migrations (Bebe, 1887; Bissel, 1890; Norris, 1883; Parker, 1888).

Metcalf (1961) mentiomed limited spawning runs in Hersey Creek, Osceola
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County, and Parker (1888) related the account of many members of the
gpecies being taken during the spawning season at the base of a recently
constructed dam across the same creek, So at least in Hersey Creek,
there was a seasonal upstream movement, Elsewhere in North America,
the grayling may or may not migrate to a spawning area. Henshall (1907)
reported, but did not document, long spawning migrations of nearly a
hundred miles. Limited movements out of lakes into tributaries are

the usual occurrence in Montana (Brown, 1938b; Tryon, 1$47) and in
Canada (Miller, 1947; Rawson, 1947c). In the Gulkana River, Alaska,
the species moved only short distances, often only from pool to riffle
for spawning (Schumann, 1958). Both Ward (1951) and Wojcik (1955)
found that the fish in Canada and Alaska, respectively, usually moved
up tributaries to spawn. Some individuals, however, may remain in

the same stream all year. It is possible that with suitable year-
around habitat, as Horsethief Springs or some of the Michigan streams,
grayling did not migrate. In other areas where anchor ice, silting,
limited food or spaée, high late—summer temperatures, and éther such
environmental factors may have become critical, migration was the rule.
Therefore in many rivers any obstruction to free fish movement would
be detrimental to grayling. Such obstructions could be in the form

of large hydroelectric or water-storage dams, beaver dams, or semi-
permanent water-diversion dams. The possibility of a thermal block

in Swan Lake, Montana, was mentioned previously.

Beaver dams

Beaver dams in the Centennial Valley, Montana, were thought

by Nelson (1954) to be one of the limiting factors for grayling. In
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Alaskan streams {(Wojcik, 1955) beaver dams concentrate grayling until
periodic high water at least partially washes out the barriers. In
small streams high grayling populations and high beaver populations
could scarcely be compatible, especially in typical grayling streams,
which are spring fed and have little fluctuation that could wash out
such dams. Beaver wers observed by Lewis and Clark (Coues, 1893) as
being extremely abundant throughout the upper Missouri River drainage.
In the Beaverhead Valley hundreds of beaver were seen basking in the
sﬁn, and slapping of tails at night interferred with wen's sleep.
During the era of the Rocky Mountain fur trapper (1820 to 1850),
beaver were heavily trapped. This trend continued across the United
States until the last of the 19th century when beaver were gone from
many areas and conservation agencies started transplantation and other
protective measures. Ranchers in the Centennial Valley, Montana,
reported few or no beaver around 1900. In the mid-1930's beaver
started appearing in numbers and dams were built on the tributaries

to Upper Red Rock Lake. At this same time the newly established
National Wildlife Refuge prohibited trapping of beaver about this lake
and elsewhere on the Refuge. 1In 1936, 1944, and again in 1946, beaver
dams across Red Rock Creek either.stopped spawning migration or else
trapped many grayling in meadows as they attempted to find their way
around the dams. Large streams, such as the Beaverhead River and
lower sections of Red Rock River, are large enough that spring runoff
washes out many beaver dams each year. But the tributaries in the
upper valley often do not have enough flow but what the dams may
remain in place. Assuming that beaver were abundant in the Centennial

Valley before extensive trapping, i.e., as found by Lewis and Clark in
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the Beaverhead Valley, how could grayling have utilized their present
spawning areas? The available reports of great numbers of grayling
coincide with the period of few beaver. Lewis and Clark apparently
found no concentrations of grayling as were described later, for their
keen observations and accurate notes would have surely recorded so
striking a feature. Henshall (1907) has attributed to the grayling
long spawning migrations from the Jefferson River to Elk Springs Creek.
Could the grayling formerly have been restricted to larger rivers that
could not be blocked by beaver dams? Could this be one of the reasons
Lewis and Clark found so few grayling and th Evermann 90 years latexr
in the same area found no trout and numerous grayling? Was the high
grayling population observed in the Centennial Valley from 1870 to
1930 just a transitory population high during a man-caused low in

the beaver population?

If indeed the grayling in Michigan was essentially non-migratory,
it may have been influenced only little by the many beaver dams that
must have been present before 1850, There are, however, no records
of grayling abundance before 1850, so the population level is unknown.
Migration did occur on Hersey Creek, and during the beaver era this
stream must have had many beavef dams.

An illustration of possible fish access being blocked by beaver
dams was found on the Brule River, a tributary of Lake Superior, in
Wisconsin (O'Donnell, 1944). No mention of trouts in the Brule River
was made by early explorers from 1680 to 1831, Accounts are written
of gathering wild rice, hunting, and trapping, but not of fishing.
Nearly all early journals expressed the difficulties of dragging boats

over the many beaver dams. Michel Curot in 1803 and 1804 intensively
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trapped the watershed. First mention of fishes was made in 1831 by

Schoolcraft. In fact, he commented that the river was filled with
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thousands of trout. But he made no mention of beaver dams although
he traversed the area by boat. Later, in 1906, the migratory nature

of the brook trout in the Brule River was mentioned. Could the brook
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trout in Lake Superior have been unable to move up the Brule River
and establish themselves until beaver trapping reduced the number of
beaver dams?

On relatively level land, where optimum grayling habitat is
found, beaver dams are generally considered undesirable. Waters are
warmed, fish movement is restricted, and spawning gravéls are silted.
Records do not go back far enough to indicate the level of grayling
populations before beaver were heavily trapped. Our chronological
view does not cover a complete cycle of grayling-beaver relationship.
From current knowledge it seems best to deduce that high beaver and high
grayling populations would have an inverse relationship.

It also could be speculated that beaver dams may have slowed
the spread of brook trout in streams tributary to the Great Lakes.

The brook trout was commor in Lake Superior streams but uncommon and
festricted in Lake Michigan and Lake Huron streams of the Lower Penin-
sula., As was discussed previously, the brook trout probably did not
appear on the Lower Peninsula until after 1800. By this time beaver
trapping would have made the small tributaries in which brook‘trout

do so well more accessible than formerly.

Large dams

In Montana, Hebgen Dam, Ennis Dam, and Lima Dam would have
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stopped all upstream fish movement. BEarly settlers reported scooping
up boxes of grayling at the base of Ennis Dam the year after it was
completed. Apparently, Lima Dam also blocked grayling movement, for
in 1911 a trip was taken to the dam to see if large numbers of fish
were congregated below it as they had in previous years, but "practically
none were seen" (iont. State Fish Comm., 1912). Below a dam across
Smith River many people gathered in 1899 to catch large numbers of
grayling, mountain whitefish, and cutthroat trout that could not
ascend the malfunctioning fish ladder (Anonymous, 1900).

A major effect of dams is that they have tended to drown the
limited areas of grayling habitat. Hebgen Dam is a good example.
One of the tributaries, Horsethief Springs, abounded with grayling
(Bvermann, 1893). The south fork of Madison River, which enters Hebgen
Reservoir, also supported many grayling (Dwelly, 1892). Grayling Creek,
which enters the reservoir from the north, was named after its plentiful
inhabitants that covered the creek bottom (Anonymous, 1920). There
were therefore at least sections of three important tributaries plus
the main river that were destroyed as grayling habitat by a single dam.

Ennis Dam, Montana, was also constructed in an optimum grayling
area. O'Dell, Jack, Meadow, and Cedar creeks all were reported to
have large grayling populations and all are tributaries in the Ennis
area. A good dam location for water storage requires a wide, low-
gradient valley. These are the same topographic features that create
grayling habitat.

The influence of reservoirs upon water temperatures of the
Madison River are currently being investigated. Deep reservoirs, such

as Hebgen, tend to lower downstream water temperatures, whereas shallow




- 129 -

ones, such as Ennis, tend to raise the water temperature (Heaton,
1961).

The lentic environment of reservoirs favors new species that
may compete with the established community. The Utah chub in Hebgen

Reservoir is a good example (Graham, 1961).

Logging

Between 1840 and 1900 approximately 161 billion board feet of
bine and 50 billion board feet of cedar, hemlock, and hardwoods were
cut from the forests of Michigan (Maybee, 1960). Central Michigan
was logged primarily between 1875 and 1895. As the timbered area and
time of logging coincided with grayling distribution and the time of
decline, many observers suggested logging as one of the main agents
of the decline (Bissell, 1890; Bower, 1916; Harris, 1904; Mershon,
1923). Railroads were just beginning to reach the interior of the
Lower Peninsula of Michigan, so rivers served as an excellent trans-
portation system. Later, when logging railroads were common, many
terminated at rivers, and logs were floated the remainder of the way

to the sawmills.

Time of logging

An inverse relationship is suggested in the annual board feet
of logs floated down the Manistee and Au Sable Rivers in relation to
the time of grayling decline (Figures 11 and 12). These log data do
not include all logs removed from the respective watersheds., As early
as 1873 when railroads reached the pine regions, they also transported
logs to milling centers. BRail log transportation followed the same

general chronology as river—carried logs. The Michigan Central Railroad

'!,
|
|
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the result of overfishing; neither introduction of trouts nor habitat
changes due to logging had taken place. According to Mr., Hansen of
Grayling (pers. interview), extensive numbers of logs were never floated
down the upper Au Sable River for they were cut by the local mill.

Quid (1877) found no grayling in the North Branch of the Au Sable
River until below Dam 4, the farthest downstream logging dam. From
there to the main stream grayling was plentiful. Grayling access to
the upper river may have been blocked by the dam, or perhaps the

artificially created slack water was not suitable environment.

Fire

Fires started by lightning or by aborigines were probably a
common occurrence long before white man entered the pine forest of
Michigan. Forest'outting encouraged the growth of underbrush and
left deadllimbs and trse tops on the ground that were more inflammable
than the original forests. Railroads, land clearing, transients, and
logging operations started many fires. In 1880, 267 major forest fires
were reported in Michigan; in 1881, one million acres burned; in 1894,
hardly a county did not have a disastrous fire (Mitchell and Sayre,
1931). In 1908, 2,369,000 acres burned in Michigan (Pierce, 1905).
Early settlers in Cheboygan Coﬁnty described the period from 1880 to
1920 as one of constant fires (Kilburn, 1960).

The effect of fire upon streams would be similar to intense
forest removal whether by logging or by fire. Since forest removal
had little obvious effect, fires also probably had little serious
effect upon streams, Normally, only a limited area of a watershed

would be burned during any one year; restoration of vegetative ground-—
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'on the Au Sable, Hallock (1875) on the Boyne, Hallock (1888) on the
little Manistes, G. H. H. (1887) on the Au Seble, Hubbard (1900) and

Mershon (1923) on the Au Sable and the Manistee, and Norman (1887) on

the Boyne in 1875 to 1876.

Discussion

There is evidence from several rivers that grayling decline
was caused by changes in aquatic environment: changes associated
with both farming and logging. Many aspects of agriculture may infringe
upon rivers, but logging, as practiced in Michigan, disturbed rivers
mainly through log drives.

In mountainous regions farm lands occupied the areas whers
the best grayling habitat was found. If irrigationwere necessary,
as in the upper Missouri River basin, there was direct competition
for water.

An example of the indirect effect of cultivation upon a stream
can be drawn from the investigations of Boussu (1954) and Holton (1953)
on Trout Creek, a tributary to East Gallatin River, Montana. Their
studies are not directly related to grayling but they do describe
the creek. From the location and characteristics of the stream, it
is easy to postulate that Trout Creek was formerly a grayling stream.

The 5-to 15-foot-wide creek meanders across a flat valley floor.
Throughout its course a 3~to 8-foot-deep stream channel has eroded in
the valley alluvial deposits. Wafer velocity is less than 2 feet per
second as smooth-water riffles comprise approximately 40 per cent of
the area. Aquatic plants are abundant in the 5 to 9 inches of water.

Bottom deposits are silt, sand, and organic matter. Average maximum
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water temperature was 60° F. in 1951; maximum was 63° F. The stream
remains ice free because of its springs origin. Under primeval condi-
tions this was a cool, even~-flowing, low—gradient, sandy, ice-free
stream in which grayling would be expected to thrive. It now supports
a limited population of brook and rainbow trouts.

Currently, nearly all the watershed is cultivated or pastured,
The stability of the easily eorded stream banks has been upset by clear-
ing, trampling, and flooding. On February 9 and March 26, 1951, floods
caused severe ercding of the stream banks and scouring of the stream
bottom,

The loss of small tributaries like Trout Creek was critical
for the Montana grayling. Heaton (1960) concluded that loss of tributary
habitat because of irrigation was limiting fish production in the Big
Hole River drainage, Big Hole County, Montana. The rapid decline of
grayling in the Gallatin Valley is an example of how vulnerable grayling
were with this link absent. Sheep Creek, Montana, is a typical example
of intense tributary use (Figure 17).

Droughts cause a greater demand upon an already abnormally low
flow. The drought of 1890 to 1893 probably was the threshold for
grayling in the Gallatin Valley; in the Centennial Valley the drought
of the 1930's seems to be the turning point. Unusual climatic occur-
rences tend to aggravate existing critical relationships, e.g., suitable
spawning and nursery area in the Gallatin Valley and competition with
suckers in the Centennial Valley.

In Michigan hecause of the nature of the topography and soils,
floating logs down the rivers seems to have played the major role in

habitat deterioration. PForest removal and fire were of limited
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importance. Disrupting the stream—bed stability caused heavy egg

and fry mortality. This was probably the same life history stage that
was most affected in many Montana streams by the drying up and changes
in small tributary streams.

The grayling did well in Michigan because of the same environ-
mental features that made the stream beds easily disturbed by log
driving: uniform flow and sandy bottom. The stream bed was not
stabiliged sufficiently to withstand Periodic artificial floods aﬁd

abrasion from logs.
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