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PREFACE

Often studies and discussions of exﬁinctibn'a:e_permeated with
emotion. Such overiones detract from & rational examination of the
faots. 411 things considered, what constitutes sxtinction? 18 it
when a species ceases tﬁ exist? If so, the term does noi apply to
arctic grayling since, although 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 noi when classi-
fied 2 race? Can the term extinction be rightfully spplied when a
small peripheral population on the edge of & thriving population dies

of f? When is a specific population separate from the remainder of the

—-species? Ultimately, extinction takes place whenever an individual

organism dies. For this reason the term range adjusiment is more
widely applicable than extinction.

4 historical study of the present type places heavy dependence
upon early American literature pertaining to wildlife. The University
of Michigan Libraries, Michigan Historical Collections, Montana |
Historical Museum, and Ir. Reeve M. Bailey’s reprint collection have
been a source of relevani material.

Interviews were made with 26 early settlers in Montana and B

in Michigan. By 1895 grayling haed disappeared from much of Michigan,




so there are few people, having firsthand knowledge of the fish, old
enough tc remember that periocd. In many instances I have used ideas
and informaticn derived from interviews without giving individual
credit. Often information was of little valuse ﬁntil interpreted in
light of what someone else had written or sﬁid, énd‘at dfhef times

I took the liberty of gualifying, expanding, or réstricting:information
according to the background of the source.

As much as possible, personal viewpoints of early writers have
been avoided unless their ideas were based on sound chservations.

. Many people have written their interpretation of why aretic grayling
has declined, but this was almost always based upon a restricted point
of view or upon prejudiced ideas. However, untrained observers must
be given credit for usually rscognizing grayling (although sometimes
confused with whitefish), for knowing how many they caught, the date,
and where the catch was made,

Because information had to be gathered from what some may con—
sider sources of questionable accuracy (sporting mggazines, recall of
95~year—o0ld people, etc.), an attempt was made to aveid reaching a
conclusion from just one or iwo sources. Also, if the information
were incorrect by a few years, the results would not be materially
different. The lack of sufficient data necessitated using certain
watsrsheds or areas almost to the exclusion of others. Thus, much of
the Michigan work must be based upon the Manistee and Au Sable rivers
gince they attracted most attention as grayling waters.

It was necessary to restrict the scope of the problem. EBxisting

grayling itaxonomy is accepted, although it is admittedly in need of

iii




comprehensive work. The cuithrozat treut in Montana has undsrgone a
decline much like that of grayling. Some hypothstical causes of
drastic population reduction, such as epizootics, have not besen dis-
cussed.

Stream names frequently lead to confusion. Such common names
as Pine River or Clear Crezk are found in almost‘every drainage. Tven
when the county was specified, the particular stream to which a writer
referred was not always clear for more than one siream 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 scouthern populations

Arctic grayliing ~— the arctic population in Canada and
Alaska

Socuthern grayling —— ihe Montana and Michigan populations
Crayling —— the Montana or Michigan population

Montana grayling -- the grayling in Montana

Michigan grayling —— the grayling that was in Michigan

Probably all of the above should be called arctic grayling, but this
would be unnecessarily cumbersome. Nomenclature, with the exceptions

just listed, is from A List of Common and Scientific Names of Fishes

from the United States and Canada, Second Edition, Special Publication

No. 2, American Fisheries Society, 1960. The technical equivalents of

the common names used in this paper may be found here,
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INTRODUCTION

The arctic grayling is a dramatic example-of an animal that
has made major range adjustments in comparatively'recent times.
Although the arctic grayling thrives within its main range to the
north, one disjunct population (in Michigan) has become extinct and

another (in Montana) has become greatly reduced in its range.

¢lear cold-water salmonid fishes, graylings are found through-

out the arctic and subarctic. They have stringent ecological require-

ments, are intolerant of pollution, and under cerfain conditions can

attain very high population densities. Their striking appesarance and

large dorsal fin invite attention. MNuch has been written about

American grayling, but no one has attempted a broad ecological anal=-

ysis of forces operating to cause ite decline.

Environmental change is continuazl and inevitable, Changes

that occur faster than 2z species can genetically adapt %o or migrate
away from culminate in the extermination of peripheral pbpulations.

In this manner the focus of az spacies rénge moves with the environment.
Generally, marginal populations are pinched off and lose genetic con-—
tact with the main population when change is rapid. Man's-actions
are often decisive in this regard, for he can alter an ecosysiem
beyond its limits of homeostasis or alter it faster than migration or

adaptation can take place.

Since late Pleistocene, man has becomes an increasingly major

-] -
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influence upon the earth, His relationship to much of the biota has
changed from commensalism +to that of near—controi. Nevertheless, man
is a relatively new force on the earth. His rising technology and
expanding skills easily give him the ability to modify gxiating con-
ditiens. Man, as the now deminani organisﬁ, caﬁ in many instances
alter existing communities and environments in ofder to meét his own
needs. Marsh (1874) was one of the first authors to point out man's

activities in this regard. More recently a symposium published as

Man's Role in Changing the Face of the Earth (Thomas, 1956) summarized

much of the current thinking. Man has become such a widespread biociog~
ical and geological force that Vernadsky (1945) inaugurated the term
"nocsphere" to add to the previous term "biosphere.'" This new word
encompasses the concept of social and intellectual man in contrast to
bioclogical man,

Because of greater dgmands and increased capabilities, man is
carrying on large~scale land- and water-use p;ograms. Irrigation,
drainage, flood control, forestry, cultivation, erosion prevention,
dam construction, or urban expansion are developed according to man's
desires. The effecis—biological, economie, or physical--of these
land-use programs reach beyond the immediate time and area. Freguently,
nen-anticipated secondary or tertiary conditions develop. When Pressures
for social and economic developments are great, the physical and subse-
guently the biclogical realms may be drastically modified.

Just what is the role of man's earth modification in range
adjustment and extinction of other animals? Habitats are greatly

altered, upsetting the natural balance of the community; formation of

new genotypes by domestication is common; desirable forms are encourzged;
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and undesirable forms, exterminated. This siudy concerns the role of
habitat change in range adjustment and is an snalysis of the factors
of a species decline from a segment of its former rangs.

The grayling was chosen as subject of this study not because
of the fish per se but because (1) there is considerable published
material available, (2) the decline was recent enough that early
gettlers could provids information, (3) the two disjunct populations
and the main northern population form a. conitinuum that ranges from
disappearing through declining to thriving conditions, (4) grayling
populations zppear t¢ have been subjected to both eclimatic change
and human changes so interaction can be studied, and (5) it can be
presumed that southern populations are in tenuous balance with the
environment, therefore being sensitive indicators of change.

Investigation proceeds from the hypothesis that the two dis-
junet, reliet arctic grayling populatians were near their 1limits ;f
ecological tolerancs because of climatic chaﬁge and that conditions
became progressively unfavorable bhecauss of three actions by white
man : .(1) land-use changes associated with agriculture and lumbering;
(2) competition with exotic fishes, (3) over-expleitation of populations,
Principal cause seems to be land-use changes and the implications that
they have for grayling habitat. As each of these activities by white
man were associated with land settlement and human population growth,
they tended to interact during the same period.

Of necessity, this study is largsly an historical one to which
ecological reasoning can be applisd, not an an;lysis of physical factors

as such. As most population extinctions are not reported until after-—

ward, little guantitative data exist. Thus, this is essentially an
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analysis by ecological reasoning through the employment of circum-
stantial evidence of phenomenom——decline and extinction——that cammot
be approached directly. The conclusions should be evaluated in light
of the nature of the problem and of the data. Although decline and
extinction may be sepafated by dafinition,.actuélly, oné grades into
tke other. | |

The objectives of the study presented in this paper, therefore,
are to appraise (1) the zoogeographicai#position of the greyling in
relation to postglacial conditions, (2} the importance of over—exploi-
tation by the fishery, (3) the effect of competition witk exotic fishes,
and (4) the role of land-use changes and subsequent aguatic habitat

changes.




ZOOGEOGRAPHY

During glacial ages arctic and subarétic ﬁlants aﬁd énimals
moved alternately southward and northward with the advance br.retreat
of the ice front. Numerous northern species left small isoclated popu-

" lations in faverable habitats far o tgé south of their present main
renge. Many high-altitude and alpine biotas are partly a consequence
of such disjunction as plants and animals remained after moving to
these more nearly subarctic-like locations. Freshwater organisms had
perhaps the most widely scattered and favorable refuges in the form
of cold springs, deep lakes, subterranean and groundwater-fed streams—

" epvironments that are slower in adjusting to climatic changes. For

 this reason many of our well-known bictlc relicts of glacial times are
aquatic animals.

North Temperate freshwater fishes were also greatly affected by
formation of temporary ice-~dammed lakes, changed drainage patterns,
different precipitation rates, and silt load of glacial-fed rivers.
Periglacial lakes may have permitted movement to nearly all drainages;
they may have existed for too short a period to be avenues of fish
movement; or during their existence they may have been unsuitable
habitat. Species with a narrow ecological tolerance must use géologi—'
cally available routes at just the proper time before aither the

environment becomes unsuitable or the migration route closes. Glacial

disturbance of the population plays a major role in genetic change.

_5...
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Bybrid swarms are common because of several periods of range trun-—

cation and subsequent separating and joining of populations. Allo-—
patric populations, which at one time shared the same gene pool, are
jsolated from one another. Adequate classification of these groups

ig difficult,

In this study it is basic to establish the distribution of
grayling and its relationship to other community members, to climate,

and to the biotic province.
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

Eurcpean, two are Asiatic, and one is both Asiatic and North American.
These species form many local subspeciles and races.

The relative taxoncmié positions of the Montana and Michigan
grayling are uncertain. Dr. Bean (Henshall, 1902; Henshhll, 1906;
and Jordan, 1905 and 1925) maintained the two as distinct species.
However, Jordan {1891) previously questioned whether or not there was
more than a slight difference between them. It seems that the Montana
and Michigan grayling have differentiated an equal amount from the

northern form (Henshall, 1898a). Iater authorities generally considered

the two soutkern populations as subspecies until Walters' work in 1955,
after which they were grouped into the same subspecies. This then

placed the northern American grayling as Thymallus arcticus signifer

(Richardson) and the southern American grayling, from Michigan and

lMontana, as Thymallus arcticus tricolor Cope. Jordan (1905) and
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several other workers since have queétioned the consistency of charac-—
ters that separate the southern from the northern stocks. Lindsey
.(1957) noted that the relationship between these two is undetermined;
“gubbs and Lagler (1958) also considered the southern forms inseparable
.from the northern form. Whether or not the separation'bf the northern
and southern geographic stocks of American grayling intd subspecies is
3-ﬁarranted or whether the Michigan and Montana sitocks should be separated
| at this level is uncertain (Norden, 1961).

Subspecific classification of grayling in America is in need of
“definitive study. Fellowing is the classification of graylings and a
.listing of forms as ithey are now generally recognized (modified from

Fikolskii, 19573 Norden, 1961; Svetovidov, 1936; and Walters, 1955):

Clupeiformes
Salmonoidei
Salmonidae
Thymallus Cuvier, 1829

-

T. thymallus thymaljus (Linnaeus), 1758, Europe

T. arcticus arcticus (Pallas), 1776, Western Siberia

T. z. signifer (Richardson), 1823, Eastern Siberia, Alaska,

Canada
T. a. tricolor Cope, 1865, Montana, Michigan
T. a. grubei Dybowski, 1869, Amﬁr'River
T. &. baicalensis Dybowski, 1874, Lake Baikal
. brevirostiris Kessler, 1879, Northwestern Mongolia
T. nigrescens Dorogostajskij, 1923, Lake Kosogal, Mongolia
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Distribution

The genus Thymallus is nearly circumpolar: =2 gap in distri-
pution cccurs from Hudson Bay eastward across Quebec, Newfoundland,
greenland, and coastal Norway. One species, arctic-grayling, ranges
from the Ural Mountains eastward across Siberia,lAlaska; anﬁ_Canada
tg Hudson Bay. Southward in Asia it is found té %he headwaﬁers of the
Ob, Yenisei, Lena, and Amur riversl(Svetovidov, 1936). The range of
arctic grayling continues in Alaska and Cznada to the headwaters of
the Bering Sea, Arctic Sea, and Budson Bay drainages southward to, but
. not including, the Nelson River, Manitoba. In Pacific drainagess arciic
grayling is found in headwaters of the Susitna, Copper (Wojeik, 1955),
Alsek, Taku, and Stikine rivers (Lindsey, 1956). Movement across the

‘divide into these rivers was probably by headwater siream dapture

.(Walters, 1955).

s

Distribution of arctic g:éyling is general across Alaska and
Canada wherever habitat is suitable (Pigure 1). Because of =pecific
.vhahitat requirements, however, distribution tends o be irrsgular
within the range. WNo records could be found for northeastern Keewatin
" and the Melville Peninsula. Adequate collesctions may be wanting;
suitable habitat may be absent; or the time limitation has not permitted
grayling to occupy this area.

The southern limit is defined by waters of the Peacs, Athabaska,
and Churchill rivers. Introductions have extended the distribution
into the Korih Saskatchewan Biver drainage (Lindsey, 1956). Along the

west shore of Hudson Bay, arciic grayling is found in the Broad, Owl,

and Silcox rivers south of the Churchill River (Dymond, 1947). HNone
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\ observed in the FNelson River only a few miles further south
WAS

. (Doan, 1548).
In Hontana, thes grayling is found gensrally upsiream from
great Falls (Pigure 2). According to limited available information,

distribution has always been irregular., The Sun and Smith rivers wers

the only iributaries that had grayling below Three Forks. Reports of
grayling in the Missouri River have come only from the vicinity of

" graiz. Svermann (1893) found none in tributaries below Three Forks

or in the Blacktail, Ruby, or Boulder rivers of the Beaverhead-Jefferson

drainage. Many of these tributaries and probably sections of the

Missouri River lacked proper habitat. ,A steep gradient without flat

mountain valleys is the most obvious difference.
The Montana grayling is not indigenous above barriers, whereas

" other species, especially cutthroat trout, are (Hanzel, 1959). The

upper Sun and Dearborn rivers were probably devoid of all fish life

" until recent introductions. In the Madison River drainage, & single

- species, slimy sculpin, was native to the Gibbon River above a barrier,

and the upper Firehole River had no fishes (Jordan, 1891).
The Michigan grayling apparently occupied all large streams in

central Michigan north of the White River on the Lake Michigan side

and of the Rifle River on the lake Huron side (Figure 3). It was

found only in the headwaters of the Rifle River, but none was ever

reported from the nearby Tittabawassee River drainage. It occurred

in a few western tributaries of the upper Muskegon River, mainly

Hersey Creek. From the latter came the first reporss of the species

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

The Michigan grayling was mainly a stream—-dwelling fish; reporis
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Columbia River
Drainage

Yellowstone
National Park

‘\\g/’ % Idaho

' Figure 2.,--Distribution of indigenous grayling in Montana. -
- Becords from: (1) Milner, 1873; (2) Head, 1874; (3) Ludlow, 1876;
~ {4) Prisson, 1898; (5) Henshall, 1919; (6) Ford, interview (grayling
present before 1900); (7) Hilger, 1929; (8) Bigenmann, 1894; (9) Ford,
- interview (grayling present in 1910); (10) Harris, 1887; (11) Boule,
18965 (12) Dunham, 18973 (13) Evermann, 1893; (145 Henshall, 1907;
(15) Bean, interview (grayling present before 1900); (16) Dwelly, )
1892; (173 Henshall, letter at Bozeman Fish Cultural Station, Nov.,
18975 (18) Many early settlers, interviews (grayling present befors
1900); (19) Jordan, 1891; (20) Kendall, 1915; (21) Many early szttlers,
interviews (grayling present before 1900).
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' Figure 3.-—Distribution of indigsnous grayling in Michigan.
. Records are from: (1) Rifle-~Bissell, 1890; Hallock, 1873a; Norris,
- 1879. (2) Au Gres—-Milner, 1873, (33 Au Sable——See text. (4) Thunder
Bay—-Mather, 1874. (5) Cheboygan——Anonymous, 1874; Green, 1874; '
. Northrup, 1880. (6) Black—-Harris, 1905; Hough, 1902; Mershon, 1923.
- (7) Pigeon—Bissell, 1890; Henshall, 1919; Northrup, 1880, (83 Sturgeon
—-Beebe, 1879; Bissell, 1890; Horman, 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. (15) Little Manistee—Hallock, 1888; Macfie, 1895;
¥ershon, 1923. (16) Pere Merquette—-Mershon, 19233 Milner, 18733
Whitaker, 1887. (17) Pentwater—-E. D. R., 1885, (18) Wnhite--Bissell,
1890. (19) Hersey--Metecalf, 1961; Milner, 1873; Rough, 1887, (20) Otter
--Taylor, 1954. (21) Little Carp Lake--Ruthven, 1906. (22) East Branch

Ontonagon--Bissell, 1890.
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Df 1ake-dwelling populations are rare., Ons of these was from some

north-central lakes {Hallock, 1877) of the Lower Peninsula, and another

wés srom Fife lake of the Manistee River drainage (Harris, 1884).
Henshall (1919) even reported catching grayling Whlle fishing for
clscoes in lLake Michigan at Charlevoix. The SPecles was also taken
from the lower reaches of the Manistee, Cheboygan, and Au Sable rivers
(Green, 18743 Norris, 1879).
| | The Otter River, in the Sturgeon River drainage, is the only
river in the Upper Peninsula of Michigan from which reliable records
of the grayling exist., Following its discovery there in 1885, the
fish never occupied more than a 6 towlo—mile stretch of the river
(East, 1930). Ruthven (1906) saw some specimens which were sald to
have come from Little Carp Lake, Ontonagon County, and Bissell (1830)
‘said that the Bast Branch of the’ Ontonagon River, but possibly meant
the Otter River, had them too. The validity of these single observations
may rightfully be questioned. One shori section of the Otter Hiver is
" the only stream in the Great Lakes drainage oujside of the Lowsr Penin-
sula from which grayling has ever been authentically reported. -Several
other species with localized distribution in the Great Laltes are found
in this river system: lake siurgeon, bigmouth shiner, silver redhorse,
and sauger.

Broken distribution between Western and Central United Statés
is not unique. The Keweenaw Peninsula of Upper Michigan possesses a
well-marked zlement of isolated Rocky iountain and Pacific Coast plants
(Fernald, 1925). The pigmy whitefish is found in isolated places aloﬁg
the Pacific slope, including only two Western Montana lakes (Weisel,

1957), and in the depths of Lake Supsrior. Two closely related geneTa
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of mudminnows are found, separated, in Washington State and Central

;ﬂ United States, respectively.

The distribution of American grayling, therefore, is widespread
and continual across Alaska end northern Canads, pius iwo disjunct
populations that are or were approximately D00 (Montana) and 800
(Michigan) miles south of the main range. Furthermora, the Otter River
population was approximately 175 miles from the remaindsr of the
| Michigan population.

The two disjunct populatiogs lie on the southern border of a
boundary line for the distribution of many other fishss. HNumerous
fishes have a range that extends northward io central Michigan or
westward to Great Falls, Montena., Examples of species whose distri;
hution stops at central Michigan are spotted gar, northern hog sucker,
1ake chubsucker, spotted sucker, river redhorse, warmouth, and whits
crappie. Species that are found westward up the Missouri River to
the vicinity of Great Falls includs shovelnose sturgeon, goldeneye,
river carpsucker, northern redhorse, and channel catfish. Otﬁer
speciss associated with grayling do not rangedmuch further south than
these areas as, for example, several species.of whitefishes, lake trout,
northern pike, longnose sucker, and burbot. In Michigan the southern
limit of distribution coincided with that of the Hemlock-Hardwood Forést
vegetation type, and in Montana the downstream or eastward limit approx-—
imates that of the Boreal Forest vegetation type (Costing, 1958). Fol-
lowing the biome concept, many birds, mammals, and other animals have
a distributional restriciion at this boundary. The two disjunct
grayling populations aTe located along the southern fringe of their

respective biotic provinces—or more broadly at the edge of the taiga



.biome (Alleg et al., 1949).

The more—recent distribution of self-sustaining southarn

grayling populations is approximately as follows:

21 lakes and

Montana 29 streams

Relson, 1954

Montana, Glacier

National Park 1l lake - Pers. comm., W. M. Morton
Wyoming 4 or 5 lakes . Simon, 1951
Utah 20 lakes Dotson, 1961
Colorado 3 lakes ’ Pers. comm,, W. R. Ssaman
Washingion 2 lzkes Perg. comm., Cliff Millenbach

Nearly all stem from introductions. Some are not thriving populations,

‘especially those listed in Montana., A4ll populations outside of Montana

are in high-altitude lakes where they receive little fishing pressure

cand where limited grazing is the major land use.

_Climat;g chanze and temperature
The climate has become warmer since the last continental glacia--
tiong with many fluctuations as shown by Dorf (1960) in his review of

- past and recent c¢limatic changes. Mid-latitude posiglacial air temper-
aturesx!hax‘;;?; risen & magnitude of 5 to 8° P, (Flint, 1957).

‘It is evident'that_ﬂorth Temperate plants and animals have besen
.'shifting northward following deglaciation. (See Just, 1959, for a
review of vegetation and Flint, 1957, for a review of animals.)

- Distribution of the grayling has been adjusting just as other species
to the slow climatic warming. Possibly only through ground water and

meltwater streams has suitable habitat been maintained as far south

a8 the historic range of the species.
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Lir and water temperaiures have a complex relationship. EBunoif-

fed streams typically have wide seasonal temperature Iluctuations corre-

sponding with air temperatures. MNacan (1958) concluded that small
streams do not flow far before reaching a temperature equilibrium with
' the air. leke surface water temperatures have a‘suﬁdued response to
 éiI temperatures (McCombie, 1959). ‘Groqu water temperature at 30 to
 60 feet is 2 to 3° F. above mean annual air temperature (Todd, 1959).

. Therefore, grayling, which commonly inhabits meltwater— and spring-fed

streams, occupies an environment that responds slowly 1o increased =zir

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 rortheastward) closely
:approximates the 65° . summer isotherm. However, cool water f{emper—
 étures, because of water source, may compensate for high air tempera-

tures. As discussed previously, southward distribution in Canada may

not be limited by temperature but by other fagtors, Nevertheless, the

example illustrates that in some areas cool water temperatures can

counterbalance high air tempsratures.

Temperature as an ecological barrier to fish distribution is

common., For example, Radforth (1944) noted the significance of the

65 and 70° F., July isotherms in the northward distribution of Ontario

fishes. Furthermore, Séguin (1956) showed that southward distribution

of brook %irout in the Appalachian Mountains is limited by the TO° F.

summer isotherm. Sincs a major ecological -demarcation and topographic

change occurs zlong the border of grayling distribution in both Michigan

and Montana, it is doubtful if a simple temperature relationship has
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*jestricted the spread of southern grayling populations.

Given sufficient time, water temperatures even in these favor-

;ble sites would have become critical. There are indications, however,
;hat competition from recent invading fishes and man—-caused habltat
;;hanges became limiting before water tempefatures. The'nearness of a
-climatic threshold is suggestoad by the”droughts of 1890 énd 1930 in
;ﬁbntana that caused direct grayling mortalify and adversely changed

{hé habitat. Under optimum environﬁ;n%s, low=water conditions may

ﬂét have been criticeal. |

It is nesrly impossible to determine if present stream tempera-
'%ﬁrss within present or past grayling range are near a critical lewvel.
”thimum water temperatures that grayling can withstand are unknown

iéﬁd grayling in some rivers move away from adverse waiter conditions
wfbr part of the year. High water iemperatures may noi be as critical
*aé absence of a cool-water tributary or spring hole into which grayling
.may move for short periods. 1In the ex-grayling streams of Michigan,
Twater temperatures reach a maxiﬁum in the low seventies {water—tempera-—
;%ure records, U.S, Geol, Surv., lansing, Michigen). There is no waj‘
;to compare these temperatures with those when grayling was abundant.

"Nor can comparison be made with grayling habitat in Western United

'States where all thriving populations are in lakes. 1In nearly svery
finstance natural geologic warming of grayling streams has been accel-
“erated by human activities such as removal of stream—-side vegetation,
-rgservoifs, return of irrigation water, or other human activities that

reduce stream flows.
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The Grayling Community and Origin of Its Memters

in its typical stream or littoral comminity, the grayling is

associated with few other fishes. The grayling community of the upper

7M;ssourl River includes eight members; Big Delta Clearwater River,

glaska, five members, and Great Slave Lake, six members. Suckers,

gishiner, pike, and whitefish are the only other fishes mentloned by

é;fly observers as associated with grayling in Michigan sirsams

ﬁallock, 1873b; Mather, 1874 and 1875; Oatka, 1888). The depauperate
fiéh fauna characteristic ol the arotic and subarctic is further

reduced by the specific habitat of grayling. The Otter River, Michigan,
ié an exception, for this grayling commnity included approximately

20 species (Taylor, 1954);

In contrast to the small number of associate fishes in any

‘ne commnity, the grayling inhabits waters that contain a wide variety

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

Riﬁer, Alaska, has a strong Bering Sea drainage elemsnt; the upper
Paace River, a western element; the upper Missouri River, =z weak

western element; and the Otter River, a strong eastern element. Oniy

tﬁo species are found with grayling in ail of the communities, These
tﬁo, plus another four or five species that are found in five of the
six communities, are forms that do well in both lakes and streams.
Species most freguently associated with grayling tend to be lowland
species——northern pike, suckers, and burbot--or dsep lake specisa-=lake
t?out, whitefishes, and lake chub, Although the southern grayling was
:éssentially & stream inhabitant, the arctic grayling is also found -
kén lakes. The Buropean and Siberian graylings are rarely found in

lakes exzcept for the Lake Baikal form which also spawns on the lake
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shoals (Nikolskii, 1957). Prof. E. Watling at Montana State Universiiy
in an epatomical study of grayling nares found them of the type assoc-—
iated with lake-inhabiting species (pers. comm.}.

The wide variety of fishes with which it associates and the
generally few species found in any one community suggest that grayling
is distributed over a wiﬁe‘ecological area. Thres communities have
a different trout that could compete with grayling: Dolly Yarden trout
in ithe Peace River, cuithroat trout in the uppér 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 arciic char complex occupies lower stream reaches near'the coast
and grayling, the middle and upper.

Wone of ths spescies lmown to have been only in Alaska during
glaciation is widespread in interior North America (Table 2).

PABLE 2,—A summary of the number of species ubilizing Pleistocene
: refuges.

?—“——uw___,_m—_—ﬂw—#ﬁ—gﬂ*_‘“_ﬂm

Befups ares

Location Bering Mississippi- Bering and  Pacific
of fish community slope Atlantic Mississippl slope
Tanana River 5 1 8 0
Great Bear Lake 0 3 8 0
Upper Peace River 0 10 7 8
Wollaston Lake 0 9 9 0
Upper Missouri River 0 ‘ 4 il 3
Otter River 0 16 4 0
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Conversely, only one species from the Mississippi drainage has reachsd
the Tanana River. It therefore sesms likely that widespread species
had at least two refuges. From this evidence alone it is probable

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

There were four refuge areas where fishes could have survived
the last glaciation: the Bering Sea drainage, the Pacific slcope and
Great Basin south of the ice front, the vast Mississippi River drainage,
and the Atlantic slope. The grayling has never been reported in sither
the Pacific or Atlantic drainages 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
period; similarity with easiern Siberian graﬁling (same subspecies,
Walters, 1955) suggests recent genetic exchange. across the Bering land
bridge; Lindsey {(pers. comm.) found the essentially freshwater fishes,
arctic grayling, slimy sculpin, and Alaska blackfish, on 3t. Lawrence
Island in the Bering Sea., It seems that these, as well as other arctic
fishes (Walters, 1955), had ready access across the Bering land comnec-—
tion. With rising sea waters the three freshwater speciss found refuge
on 5t. Lawrence Island from the marine environment.

As the Cordilleran and later the Keewatin ice sheet melted,
the arctic grayling from the YTukon BRiver drainage could move south
and east. Probably the present Canadian grayling population came from
this source. Headwater access from the Tukon River te the Mackenszie

River drainage is comparatively easy. The Mackenzie River aystem then

connects all the way to the Churchill River at the southeastsrn
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extremity of arctic grayling distribution in Canzda. The arctic grayling,
along with round whitefish and northern pike in some Wateré, kas invaded
%he headwaters of five major Pacific coastal rivers south o the Stikine
River. At the Skeena and Fraser—Peace rivers divide, several species
normzlly associated with arctic grayling have crossed from gast to
west (Liﬁdsey, 1956}, but not arctic grayling. Considering its ready
movement over divides to the north, comparatively rscent arfival at
this section of its range may not have permitted time for transfer by
headwater stream capturs. BRecent successful introductions of arctic
grayling into the North Saskatchewan River drainage suggest that an
ecological barrier has not prevented further southward expansion.
Assuming that the northern population advanced southward, the
two southern populations did not originate post—glacially from the
northern population. Walters (1955) pointed out that lake trout must
not have been in Alaska during glaciation as it is $he only arctic
Alaskan freshwater fish that is not also found in Siveria. 4n additional
factor is the possible influence of parasitic lampreys. The lake trout
35 absent from lower reaches of all Pacific Coast or Bering Sea drain—
ages that have parasiiic lampreys.
Several speciss have a distributional skip tﬁat sugzgest two
centers of postglacial redispersal. The slimy sculpin is found from
the QGreat Lakes drainage north and wesf%;%d through northern Canada
and Alaska but is absent %rom most of the Saskatchewan River (Lindsey,
1956). A relist population of slimy éculpin in northeastern Iowa
(Hubbs and Lagler, 1958) and its presence on S5%. Lawrence Island indi-

cats two centers of dispersion (see McAllister and lindsey, 1960). The

round whitefish has an extensive distributional gap. Widespread across
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arctic Asiz and America and abundant in the upper Great Lakes and
glacial lakes of New York and the New Enéland Btates, the round white-
fish is avsent from western and northern Ontario (Radforth, 1944) and
sll except the very northern parts of Manitoba, Saskatchewan, and
Alberta (Hinks, 1943; Hawson, 194Tal Inasimuch as it is found both in
Siberia and in glaclal lakes of northeastern United States, two Pleisto-
cene refuges are suggested from which round whitefish dispersed post-
glacially.

There are different opinions regarding the possibility of
suitable habitat for clsarwater fishes south of the ice front. Hubbs
and Lagler (1958) and Badforth (1944) felt that most of the clearwater
species moved southeastward from Alaska, whereas Weliters (1955) and
Wynne-Bdwards (1947a) beiieﬁed that both Mississippi and Bering refuges
weré used by salwonid fishes, )

Certainly, environmental conditions could hardly be optimum
Tor clearwater species below the ice front. ©Species, such as the lake
trout, that inbabit large deep lakes or lowland species as the white
sucker would find a more suitable environment than grayling that requires
clear upland streams or shallow clearwater lakes., Today in AlaskKa and
Canada arctic grayling has an irregular distribution in clearwater
streams and avoids silt-ladened ones. That grayling is not found in
Ontario, headwaters of the Missouri River tributaries as thelYellowstone,
Judith, and Musselshell rivers, and headwaters of the Saskatch%wan
River indicates it did not thrive and become widespread in periglzcial
environments,

Three species, brook trout, lake chub, and slimy sculpin, are

found as relict pepulations in spring arsas of northeastern Iowa and



along the upper Mississippi River in Minnessota (Huhbs and Lagler,
1958). These species ma& have used the Wisconsin driftless area as

a refuge. Only the widespread lalke chub seems to have moved westward
from the refuge. The brook trout with ecoleogical reguirements similar
to grayling is not indigenous west of this area. Evermann and Cox
(1896) noted the absence of salmonines and other clearwater fishes

from western tributaries of the Missouri River and suggested that the
shallow, muddy character of the lower reaches may have kepi them out.
The native fish fauna of ths Black Hills of South Dakota was almosi
entirely catfishes, suckers, and cyprinids, all species thai can with-
stand turbid lowland conditions (Evermann and Cox, 1896). However, it
would have been through these lower reaches that & speciss such as
grayling would have had to move when iraveling from a Mississippi refuge
to the upper Missouri River. Distribution of brook trout is such that:
reinvasion may have been mainly from the Atlantic slope insitead of
through the areas occupied by the Minnesota and Ohio relict populations,
The brook trout had access northward through glacial outlets of tﬁe
Creat Lakes and Lake Agassiz. They are not found in Lake Agassiz
drainages but appear to have recently moved into southwestern Hudson
Bay streams from the bay rather than from inland. In the Nelsonh Rivery
Manitoba, the brook itrout migrates up the river to spawn but spends a
large part of its 1ife in Hudson Bay; if is found upstream only to the
first barrier (Doan, 1948). This may be an ecological as wellmas a
physical block, for the river is fairly warm after leaving the Lake
Winnipeg complex and is cooled by springs and tributaries in the lower

river. Introduciions in the Saskatchewan River drainage have failed

except in the foothills of the Rocky Mountains and near Hudson Bay
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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 pessible failure of
prock trout to spread naturally in the upper Mississippil River.

If we admit that grayling would not find glécial‘outwash waters
to be goed haﬁitat, it is difficult to accept that Montaﬁa-and iichigan
populations came from the same réfuge, for one or the other would havs
had to travel several thousand miles. It is doubtful if the Missouri
River has ever postglacially been a clear river. Vincent (1962)
discus=zed the possibility of lake trout being indigenous to the upper
Misgsouri River drainage. With both lake trout and grayling found in
this area, a glacial refuge in a Pleistocene lake is suzgested. Flint
(1957) listed 9000 to 10,000 feet as the altitude of the cirque floors
in the upper Missouri River area. Scattersd glacial cirgues were 2000
to 3000 feet above the 400-square-mile Pleistocens lake in Centennial
Valley. Glacial Centennial Lake was not formed by ice, so it probably
existed for a considerable time. Its small drainage area and limited
glaciers would not cause a heavily‘silt-ladened environment. It would
seem that conditions could have been suitable for habitation by clear-
water fishes.

Tntil the Xansan or Illinoian glacial stages, thes upper Méssouri
and Yellowstone rivers flowed northeastward into Hudson Bay (Howard,
15603 Menely et al., 1957). In the Sangamon interglacial and early
Wisconsin stage, the Missouri River drainage was presumably much as
it is now. During the latter stage large temporary lakes Weré formed

in the valleys of southern tributaries flowing along the ice front to

the Missouri River., Terminal moraine at the southwestern extremity of
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the Keewatin sheet dammed the Missouri River ai Creat Falls forming
s lzke, Other eastern-slope Rocky Mountain drainages weTe blocked by
jce and morainal deposits. A chain of lakes and connecting drainagss
extended northward well into Alberta along the corridor between Keewatin
and Cordilleran ice, for the Keewatin ice réached igs furthest advance
after the Cordilleran velley glaciers had retreated (see Aldeﬁ, 1932).
These ice~front lakes were comparatively shortlived and of little valus
as refuges, but they would have provided temporary avenues of movement
from 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 belween the ice sheets.

Northern conifers are thought to have used this route. To hypothesize

" that grayling and lake trout moved through this corridor to reach

Montana from Alaska seems unreasonable. The fishes would have had to

have migrated southward very rapidly while the route was open. Absence

;'of grayling from headwaters of the Saskatchewan River supporfs this

However, the apparent presence of a native population of lake

" trout in Chief Mountain Lake of the upper Saskatchewan River drainage

.in Glacier National Park suggests the contrary (Vincent, 1962).

Other observations suggest that grayling is a recent arrival in
¢

 the upper Missouri River fish fauna. It is not found above barrisrs

like the cutthroat trout and has not crossed into the Snake River

drainage. The narrow ecological requirements of grayling may restrict
movement since it is not a turbulent mountain-stream fishj; so perhaps
it had access to head waters but the habitat was unsuitable., Tae
absence of grayling from lakes above barriers in which it flourished

uwpon introduction suggzests denled access to headwater areas.




- 29 -

Two large areas of localized glaciation, upper Sun River Canyon
and Yellowstone Plateaun, have probably not been invaded by species over
the barriers. The upper Sun River Canyon has no indigenous species.

A large escarpment at the canion mouth has prevented reinvasion, and
evidently no headwater capture occurred postglacially. The four species
native to the Yellowstone Plateau, cutth&oat trout, longnose sucker,
longnose dace, and motiled sculpin, have probably reoccupied the area
postglacially from the Snake River drainage. It thus appears that it
may take a longer time than has passed since ice retreat for some species
to occupy headwater areas above barriers. Those species widely distri-
buted zbove barriers must have inhabited the drainage before the last
ice retreat. OQuaternary fesult scarps and tilting are common throughout
much of‘thesupper Mizsouri River area‘(Myers and-Hamilton, 1561) and
may zocount for some stream barriers.

Three.eastern fishes of the grayling community, longnose sucker,
longnese dace, and mottled sculpin, have crossed westward into the
Snake River drainage probably by Twe-Ocean Pass, Thrse other species,
cutthroat trout, mountain whitefish, and mountain sucker, have moved
eastward from the Snakse River drainage t6 the Missouri River drainage.
This route has apparently been cpen for a iong period to gllow this
exchange. However, grayling, owing to ecological, geographical, or time
restrictions, has not crossed the pass.

The grayling populations of Michigan and Montana were restricted
to small areas for a long time. Since the last glaciation, habitat
within the range was remarkably uniform and stable. Mutation and

natural seleciion for a varied gene pool were limited. Seleciion and

inbreeding in such a small homogeneous population tended to reduce
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heritable wvariation and encourags homozygosity. Genss tend to become
7ixsd in the entire pepulation or to be lost (Sewall Wright Effsct,
wright, 1931). Population genotypes are limited, and traiis that
appear to be non-adaptive may he prominent.

A population's nongenestioc physiologic resﬁonse to‘environmental
change can take place only if the pre—existing genetic base includes
this reaction. This type of adjustment may respond comparatively
rapidly providing that the much slower-formed genetic base exisis.

Ain organism without a broad gsnotype haz 2 limited immediate adaptive
capacity.

An organism must maintain its ecological position after it has
once evolved to fit a particular hsbitat. Frequently, the organism
reaches a cul—de—sac in which it is well adapited for the existing

environment but lacks a varied genotype enabling it to adapt to changing

conditions.

]

High population densities indicate that grayling was well adapted
to its environment. Pailure to survive in modified habitats and when
introduced into other Wa%ers suggests a genetically uniform population.
Those waters in which grayling introductions have succeeded were nearly
always alpine lakes with specific physical and biclogical features,

The grayling population in the Otter River, Michigan, lived in
a more diverse commnity and under a more fluctuating envirecnment than
other southern populations., I% is imposszible to do more than surmise
the rols of a diverse ecosystem upon the grayling persisting in this
rivar.,

From the foregoing we can surmarize that taxonomic relationships

of southern populations to each other and to themselves are unclear
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except that all are similar in many ways. The twe southern populations
probably spent the last glaciation south of the ice froni and probably
also in different refuges. Iach populaticn is along the southern
border of & bioms wkere climatic fluciuations Wouldlbe rzanifested.

The grayling is fypically a member of a communitj that contains few
other fish spscies. It almost azppears as if grayling is an'anomély

in regard to the other community members. The grayling is neither a
lowland species nor a headwater species as are many of its agaoclates,
Tt would be expected that members of these isclated populations would
have 2 narrow genetic base, thus limiting nongenetic adaptation. In

general, a warming period following Wisconsin glaclation is causing

less favorable environmenis for cold stenothermic species,




GRAYLING EABITAT

Within all of their nearly circumpoiar raﬁge, thé graylings
have & sporadic and irregular distribution,. Adjacent streams may or
may not support a population. Immedistely, a specificity of habitat
is sugszesbted. The graylings kave a narrow ecological amplitude that
1imits their distribution ?P certain sireams or certain sections of
streams, In Burope the longitudinal stream section occupied by
grayling is so specific thai it is named the Grayling Zone.

True, the graylings are found in a variety of environments:
Great Britian, Alps, across arctic tundras, 7000-feet eltitude in
Montana, and only a few hundred feet in Michigan. They live in small
alpine lakes and in lakes as large as lake Baikal. Essentially, along
the southern border of their range, they are a mountain- or foothill-

iype fish.
Characteristics of Grayling Habitat

Since the grayling in North America is often associated with

" alpine, arctic, or subarciic conditions, misconceptions have arisen
concerning its optimum habitat. It has been presumed that swift
mountain streams and very cold tempeératures are required. This is

not so as will be seen in the following discussion of habitat reguire-

ments.
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Water source
In high latitudes arctic grayling has adapted to turbid melt-

.ﬁaters by migrating between the larger streams, which fluctuate greatly

£ !

and become silt-laden during late spring and summer, and stable, small
;learwater tributaries and lakes. Then in fall and.wintEr, as severe
'joing begins in the tributaries, it returns to the now-clear main
1rivers (Elrod,‘1931; Ward, 1951; Wojecik, 19553 Wynne-—Edwards, 1947b).
.Air temperatures in high latitudes are low enough sc that water temper-
“ atures do not become overly W;rm. QOccasionally arctic grayling is
found in muskeg brown-water—-type streams (Waxd, 1951). The southern
:éfayling is almost always associated with spring-fed streams., Michigan's
central plateau is mainly a coarse glacial sand that filters precipiw
fation, yielding a cool, even water flow to streams through springs and
;espage. Many small tributaries in the grayling region of Montana are
also spring fed. In fact, it is from these small streams that early
;records of concentrations of the fish originated (Elk Springs Cresk,
.b'Dell Creek, Meadow Creek, Horsethief Springs Creek, the many eastern
tributaries of the East Gallatin River.) At Georgetown Lake, Montana,
ﬁhare the southern grayling flourished following introduction, spawning
- took place in a spring-fed tributary. The main similar charactser of
.lowland grayling sireams in Burope is that they are spring fed
'(Schumann, 1958). Two features in particular mark spring-fed streams,

stability of temperature and of flow.

" Water temperature

The relationship betwsen fish distribution and water temperaturs

is complex. Such factors as thermal history, stage in life cycle,
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length of exposursa, availability of cooler or warmer water have to b=
considered. Thus, for graylings the rangé of tempzrature tolerancs
in nature is wide but generally bdtween 50 and 65U F, This is not
quch different than that frequented by trouts. 4lthough properly
classified as a coldwater fish, there are indicatioﬁs that Southern
grayling ﬁay survive best with a summer maximam above 55o F, Dean
(1913) and Meicalf (1951) believed that the Michigan grayling thrived
in warmer watsr than brook troui. In 1879 Metcalf had success halding
adults and hatching eggs of southern grayling at 60° P, Lord (1932)
had good hatching success at 59.6n F., and tolerance of adults to
pond water was up to T4° F. MNr. Harry Baker, manager of the U.S. Fish
and Wildlife Service hatchery at Ennis, Montana, believes that grayling
will tend to avoid water temperaturss below 50O F.

Elk Springs Creek, Montana, where grayling was very abundant,
i nas a nearly constant temperature of approximately 58° F. HNearby,
Culver Springs has a temperature of 41° P, (Banko, 1960), but the
. ponds immediately below warm the water to about 47° F. Barly accounts
do not mention the outflow of Culver Springs as an important grayling
stream, Horssthief Springs on the Madison River had a tamp;rature of
48 to 50° F. on August 24, 1891 (Evermann, 1893). The upper Madison
River usually has waier temperatures in the 60's and low 70's (Benson
et al., 1959); however, in 1960 a maximum of 81° F. was recorded
(Heaton, 1961). Below Quake Lake water tempsratures reached 78° F,,
and below Meadow Lake, 80° F. As the Madison River was a major grayling
gtream, the 30° F. difference betwsen Horsethief Springs and the main
river suggests that the fish may have stayed in cool, spring-fed

tributaries during the time of late-summer high water temperatures.
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Grayling waters in Michigan apparently had maxzimum temperatures
. petwsen 50 and 60° F, (Halloek, 1873a; Harris, 18843 Henshall, 1900},
not unlike the temperatures of those in the Buropean Toothills
(Schumann, 1958).
In subarctic streams a lower maximum‘température may bs
required. In Alaska Wojecik {1955) obssrved arctid grayling-to show

discomfort at 63° F., and at 68° P. 40 move %o cool inlet streams.

Freezing
The tempering of water temparatures by ground water makes
freezing unusual in many ssgments of grayling water. Mather (1874)

and Forris (1879) noticed that spring areas on the rivers of Michigan

were ice fres. During recent winters s0lid ice has not formed on ths
An Sable or Manistee rivers. In Montana the upper Madison River,
0'Dell Creek near Ennis, and Elk Springs Creek do not usually fresezse

(Banko, 1960). Ome of Alaska's best-known grayling streams, Big Delta

Clearwater, never completely freezes (Wojeik, 1955).

Stream flow {fluctuation

Streams that are fed largely by springs or seepage tend to have
mors stable volumes of flow than ones that ere fed largely by runoff.
Streams of Michigan flowing over the sandy plateauv of the northern

half of the Lower Peninsula have least ssasonal {fluctuation in water

flow. The Manistee River is one of the most stable in the United States

with & maximum flow of less than twice its minimum (Wisler and Brater,
1959). A slight rise during snow-melt when the ground is still frozen
and impervious is usually the major amnual upward fluctuation. In

otker seasons the porous soil nearly eliminates surface runoff.
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Montana streams, in contrasi, have a peak flow betwsen mid-May
and mid~July. Where irrigation is not too demanding, these flood
and low flows are minimized by snow-melt that continues at progres-
sively higher elevations throughout the summer, In‘northern Canada
pumerous lakes, oxbows, and bogs function as delajing reéervoirs to
atabilize stream flows. In northerﬁ Canada and Alaska grayling moves
into the smaller, more even-flowing tributaries during late-summer
peak flows., This may have alsc been the situation in Montana. If
grayling migrated intc smaller spring-fed tributaries for spawning,

they would not be in main rivers during most of the high-flow period,

Water current

One of the most noticeable features.of grayling habitat is its
intermediacy between dashing and sluggish streams. Sireams of Michigan
that were inhabited by grayling all had a gradient of from 4 to 10 feet
per mile and streams of liontana, up to 20 feet pef mile, Often though,
in the West, areas of grayling concentration wers sections of streams
in mountain valleys where the gradient gave a flow of approximately
1 to 2 feet per second which is similar to that of grayling zones of
European-feothill streams (Schumann, 1958) and Big Delta Clearwater
in Alaska (Wojcik, 1955). Phrases used to describs grayling waters
are: Mlowsr reaches of long, deep waters" (Harris, 1884); "gentle
current” (Hallock, 1873b); "deep runs at ends of pools" (Harris, 1904);
“eurrent with gliding, sliding motion" (Northrup, 1880)}; and "smooth,
steady current" (Norris, 1879). Iowe (Taylor, 1954) described the
grayling area of the Otter River, Michigan, és having a moderate

current and averaging 2 1/2 feet in depth. Rapids and white water
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are rare with the water surface usually unbroken. Flow tends to be
“more laminar than turbulent. As this type of stream seldom occurs,

- mich grayling habitat is occasional holes and riffles separated by

iong runs.

Bot tom

| 4 coarse-sand and fine-gravel bottom is usually found in
‘grayling streams. In Michigan firm, coarse sand was most common with
S§attsred gravel or gravel bars (Hallock, 1875 and 1888; Harris, 1892;
Herrick, 1926; Kendall, 1915; Mather, 1874; Rough, 1887). Outside
of Michigen a subsirate of larger particles was commonj; it was used
-éspecially for spawning, as follows: Montana, gravel and coarse sand
(Kruse, 1959; Nelson, 1954); Saskatchewan, 1/2 to l-inch gravel

(Ward, 1951); Burope, sand or gravel (Seeley, 1886); Sweden, gravel of

less than 1/2-inch diameter (Fabricius and Gustafson, 1955). The
. bottom material used by graylings for spawning appears to be of

smaller diameter particle than that utilized by trouts.

| The grayling is or was seldom found in water over 5 feei in
fdepth. It did not frequent deep, still holes (Northrup, 1880) and
;it avoided shallow ?iffles (Harris, 1887 and 1904) except for spawning

'(Kruse, 1959). In Canada and Alaska, grayling may move into desp

holes or beaver impoundments to spend the winter (Schumann, 1958;

Ward, 1951).

Silt

L ——

Grayling streams carry little silt (Bissell, 1890; Henshall,
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19073 Richardson, 18363 Ward, 1951; Wojeik, 1955)}. When muddy water
is common during parts of the ysar, the grayling usually migrates into
clear—~water tributaries. This fisk is seldom abundant in main arctic
rivers, which are usually muddy, but it may be very‘abundant in small,
clear tributaries (Elrod, 1931). S5ilt from the large streams in

Alaska may force grayling into the tributaries during much of the

summer (Wojeik, 1955).

Ltnuatic vegetation

Many grayling stresams have had abundant aquatic vegetation.
Some observers mistakenly believed that grayling spawn was deposited
on vegetation, so commonly were the two associated {Kelley, 1931).
In Michigan, patches of vegetation were common in the Jordan (Harris,
1884) and Manistee rivers (Hallock, 1875). In Montana, sections of
“rivers (Madison River, Flk Springs Creek, Horsethief Springs) have
mich aguatic vegetation. Schumarn (1958) noted that Buropean grayling
gtreams are rich in aquatic vegetation, Grayling rivers in Alaska,

however, ars usually barren of rooted plants.

lLake habitat

Introduced populations of southern grayling are more common in
lakes than atreams.’ Lakes in which grayling do well are usually alpine
lakes above agriculiture zones, have comparatively shallow basins with
relatively wide, sandy littoral areas, The inlet streams used for
spawning meander over a small open delta that often forms at the head
of alpine lakes. The inlet has eroded to neerly base level and may
be only a foot or two wide between steep banks., Boitom materizl is

coarse sand and fine gravel. A fairly constant waier flow is from
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springs, snow-nelt, and seepage. Water itemperatures may become warm
in shallows for short periocds, but because of the high altitude,
water temperatures abhove 70" P, are rare. GOrebe Lake in Yellowstone
National Park iz a2 typical example of an alpine grayling lazke. Lakes
 that have grayling in Glacier Kational Eark; Washington,-Utah, Wyoming,
;and Célorado are all of the same nature.

In northern Canada grayling is found often along rocky-sandy
shores of the larger lskes (Miller, 1947; Rawson, 1947b and 1951).

Tew grayling move into the open waters but tend to remain near shore,

in bays, or near stream mouths (Miller, 1947). Gill netting in Great

. Slave lake capiured no grayling below 20 to 30 feet (Rawson, 1951).

Discussion

The grayling is specifid in habitat reguirements, Arsas south
of the subarctic that provide suiltable conditions are few and scatiered.

“The two widely separated southern populations probably occupied the

Jiargast available areas that provide thie habitat south of Canada.

Iypical graylinz hzbitat

| From the foregoing information we can portray a hypotheticel
 grayling stream. Its source will be 2 spring or othser constant sﬁpply.
Water temperatures will range mostly from 50 to 65° F. Flow will

“have little fluctuation and will be free of silt. Prevaling water
velocity will be from 1 to 2 feet per second in a stream gradient
between 5 and 15 fest per mile. The stream bottom will be mainly
coarse sand and fine gravel, especially where spawning takes place.

Water depth is 1 to 3 feet and beds of aguatic vegetation are common.
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Horsethief Springs as an example
of zrayling habitat and of
habitat destruction

Horsethief Springs, Montana, a small tributary to the upper
Madison River now flooded by Hebgen Lake, is an example of good
grayling habitat that was destroyed by man.
| Jordan in 1889 (1891) received reports from one of his expe—
dition members of the abundance 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
(tzip rept. at Bozeman Station, Oct., 31-Nov. 9, 1897) found Horssthief
Springs "full of grayling, whitefish, and many cutthroat trout."

As these springs were considersd a possible water source for
a fish hatchery, Evermann (1893) described the arez in detail. Two
spring areas flowed together to form z 1 l/2—mile—10ng creek that
meandered across a level meadow to join the Madison River. Ths current
was 1 to 2 feet per second; width, approximately 70 feet; and water
depth, 5 to 10 inches. The upper section had a bottom of pea—sized
gravel and the lower sectibn, a white sand bottom. This lower section
was nearly filled with aquatic plant growth: algae, moss, grass, ete,
The water was reported never to freeze., Water temperature on fugust 24,
1891, was 48 to 50° F. The grayling was mentioned as being present
in hugust, October, November, and December; since this is not the
fpawning season, it seems probahble that the population was resident.

In March, 1899 (letter at Bozsman Station), Horsethief Springs
was nearly devoid of grayling. Only a few individuals were presant
in the short north-~branch section above its confluence with the

south-branch spring. The reason for this decline was that manurs
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‘washing from & recenily construcied barn polluted the water. Artifi-
- cial Hebgen Lake then flooded the spring area in 1915 and wiped out
"fhe remainder of the stream habitat.

| These two disturbances are the types of conflict grayling has

frequently encountered, 'That Horsethief Springs was good habitat

ﬂban hardly be questioned. This same level meadow with a clean, year-—
around water supply was ideal for a rancher's barn, and wide openings
in a valley of this type were often the first to be utilized for
water storage.

Horsethief Springs is an example of man choosing the small
- meadows, required by grayling, for areas of his own use and develop—

ment.

“Mopographic features where
S grayling habitat occurs

Essentially, if given the proper water source and climate,

stream gradient will determine the habitat. Thus, within the confines

‘of the two areas of southern populations, the irregular disiribution

pattern is determined by stream gradient. In central Michigan ths
topography is such fﬂat nearly all sireams gqualify. In the Upper

- Peninsula those streams in the eastern part are too low of = gradient,
- and those on the west, too steep, The Otter River is one of the few
streams that is intermediate, In Montana the upper Missouri River
Grainage pattern is of a two-story nature. A medium gradisnt area
~adjoins the Missouri River Valley, then a steep canyon area, and on
the high plateaus the gradient lessens agein, BSmall mountain valleysl
ey have suitable slope within the canyons. The lower Sun River and

lower Gallatin Valley are examples of grayling habitat on the main
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" yalley floor. The upper Smith River, tributaries of the upper Gallatin
7 piver, the Big Hole River, and the upper Madiscn River are examples of
medium slope at a higher elevation. Small valleys are represented by
speep Creek, a tributary of Smith River, and the section of Madison

River Valley now inundated by Hebgen ReseTvoir.

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 (epproximately 4.5 feet per second), and lakes acting as
gettling basins reduce turbidiiy over long sections of stream (Wymne-
Ddwards, 1952).

Water velocity is one of the most important scological stream
characters. The nature of the stream bottom, amount of silt, abundance
of aguatic food organisms, and many other features of a stream eco-

" system may be governed by current velocity. Thompson and Hunt (1930)
found that headwater species usually had 2 wide ecological tblerance
"and were found throughout the stream, but that other species were
restricted to their respective sections., In western and central Burope
there are numerous ereas whers the ichthyofauna relates to sitream
cradient (Starmach, 1956). 3Burton and Odum (1945), Trautman (1942),
and other American workers have found a correlation between fish
distribution and siream gradient. A certain velecity may be required
at only one stage in a fish's life history. For example, kokanee
saimon in California would spawn in water velocities below 2.15 feet
per second but avoid velocities over 2,19 feet per second {Delisle,

1962)., After an exhasustive study of the Zlbe River, Germany, Kothé

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

.gf the river, not by changes in water quality as is often assumsd.

That local distribution of grayling is chiefly controlled by strezam

Egradient is not surprising. The topographic and climatio relation—
~ ship over southern Canada and the United States'is such that few
© areas 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 bheen greatly altered by land uss,.




EFPECT OF GRAYLING EXPLOITATION

The history of grayling includes a périod‘of heavy exploitation
that may have been a significant factor in local decline or demise,
Opening of hinterlands by the advent of railroads was at least partly
responsible for this in both Mickigan and Montana. Many studies,
including theoretical ones (Beverton and Holt, 1957; Ricker, 1558),
have been concerned with the influence of expleoitation on population
levels. Actual effects of overexploitation are pocrly studied. The
general coniention is that fish pepulations are seldom, if ever,
._endangared by extermination through fishing. MéFadden {1961) separated
the reasoning behind this idea info three concepts: (1) fish become
difficult to catch at low-population densities, (2) fishermen lose
interest at low-fish population dernsities, and (3) high~fishermen

" concentration discouragzes additional fishing.

Ease of Captgre end Barly GCatches

Throughout its range the American grayling was and still is
very susceptible to angling. It is one of the easiest fishes to
catch, Represenitative reports are that it is not readily frightened
by boat or fisherman (Worris, 1879; Brown, 1938b); nearly all grayling
may be taken from a pool (Eenshall, 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 lontana, I succeedesd in coaxing

._4_4...
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what was apparently the same fish to rise eleven times to an artificial

fly. Such persistence is not unusuazl. Roger Reed (pers. comm.) made

ﬁss of college studenis 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;_ona student'caughf and tégged 337 grayling

in one day. |
Early grayling exploitation by white man resulted in enormecus

Jindividual catches: +three mesn caught 600 pounds of grayling in two

 days (Furman, 1878); 47 wers takeﬁ from one pool (Henshall, 1900);

~two men and two ladies caught 3000 in two weeks (Mich. Sports Assocc.,

1879); bushel boxes full were capiured (Schbarber, pérs. interview).

fotal catch may be exaggerated because of the large gige of individual

:catches by a few fishermen. Annually, some six wagons WweTe Tfilled

.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). If 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 season,

would be a good yield for a coldwater stream. In comparison, fisherman
 removed from Lawrence Creel, Wisconsin, an annual average of approxi-
mately 52 pounds of trout per acre for three years {MeFadden, 1961).
Until 1880 a commercial fishery on the Madison Riwver 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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(Fromm, 1941). Very possibly grayling mads up a part of both fisheries.
From Michigan, the Chicago and Milwaukes markeis utilized all grayling
available until about 1885. Sizty pounds was considered an easy day's

catch by an experienced commercial grayling f{isherman in 1875 (Irland,

1920) .
Examples of Possible Overexploitation

Because of synchronous svents it is usually difficult to sepa~
rate the effect of overexploltation from other causes of decline. Two
fairly clear examples, one from the Au Sable River and another from
the Madison River, may be helpful. Other insiances are known, but
their interpretation is cloudad.

The Au Sable River, Michigan, for which most information is
available, was heavily fished fer the commercial marked (Mather, 1875;
Banta, 1876) as well as being the center of early spori fishing.
Fishing ezpeditions started from the village of Grayling, which was
the only point of early access to the river., Grayling fishing declined
first near thes village of Graylingfand then, progressively downstream
(Pigure 4). Fishing expeditions in 1873 (the first mejor oness) made
no mention of the stream immediatzly below the village of Grayling
being void of fish (Hallock, 1873a; Milner, 1873). Howevsr, many
subsequent fishermen mentioned the increasing disiance nscassary to
go dewnriver in order to catch fish (Table 3). .

Overfishing geems to be the main cause of this dscline. érobw
ably more correctly, the decline started by overfishing then continued
due to logging activities., Logging did not expand greatly in this

Tegion until approximately 1880. The brook trout was not present in
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TARLE 3.--Records of successive downsiream grayling dsclins in the

Au Sable River below Grayling, HMichigan

r———
Date Statemsnt of miles Auzhority
March, 1874 BSaw many, first days travel of :
5 miles Mather, 1874
May, 1874  Caught 50, first § miles Green, 1874
August, 1874  HNone for 4-5 miles Norris, 1879
April, 1875 None for 8 miles Mather, 14875
— 1875  12-15 miles downsiream to good
fishing : Banta, 1376
Sept., 1877 Declining above North Branch for
2 years Oatka, 1888
tugust, 1877 None for 20 miles Forris, 1878
July, 1879  None, first 6-7 miles Northrup, 1880
—— 1882 Plenty of fish 15-20 miles
downstrean . @. D., 1882
— 1883 Hons for 15 miles Mich, Stats Bd.
Fish Comm., 1885
Spring, 1884  None for 20 miles Mich. State B4.
' Fish Comm., 1885
— 1884 Good fishing 20 milss downatream  Anonymous, 1884a
— 1884  Pishing not as good a few miles
downstream as used to be Anonymous, 1884b
— 1887 Have to go 30-40 miles downstream
for fishing : Bebe, 1887
e 1890 Havs to go 40 miles for goed

fishing

Shislds, 1892
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large numbsrs until after 1890 (see following chaptiers).

By 1910 the fams of Madison River, Montana, for grayling and
cutthroat trout fishing was widespread, This river still enjoys the
reputation as ona of the better trout streams in Americaj but now its
fame is for the introduced brownitrout._ Mr. Kohlés; a fdrmer state
game warden, said that between 1924 and 1928 fishing pressure was Very
heavy. He would frequently check as many as 100 fishing licenses at
a favored location. I was at this time that accsss roads were improved
and concarn was exprasssd already over the possible undesirable effect
of new highways upon Montana fishing (Thompson, 1925).

Montana hunting and fishing licensé sales from 1905 to 1930 may
indicate itrends in fishing fressure (Tzble 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 Figurs 5,
tﬁe licenses lissued show a general rise paralleling the increase of
exotic trouts and an inverse relationship to grayling declins., In
this instance possible influence of fishing upon the grayling population
cannot be seﬁarated from compsiition with exotic trouts.

The upper Madison River within Yellowstone National Park is one
area of past grayling habitat that has probably changed 1itile in
histeoric times. Since the Park was set aside in 1872, agriculture or
logging has not taken place. Aécounts of the upper river and the
countryside in 1889 (Jordan, 1891) and in 1891 {(Evermann, 1893) describe
it nearly as well today. Changes in the game-fish community ﬁould
therefore be czused by compstition or fishing if ws discount effects

of graduzl climatic changs.
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PABLE 4 .--Total number of Montanaz fishing and hunting licenses sold

between 1905 and 1930. After 1930 fishing and hunting licensss wsre

separated so are thersfores not comparable. (Prom Montana State Fish
and Game Commission biennial reporis.)

|
il

Date Resident Hon-resident Total
1905 30,087 83 30,170
1906 _— ——— 24,410
1911 57,302 1721 59,023
1912 45,322 1152 46,474
1913 644337 1405 65,742
1914 54585 : 599 - 55,584
1915 — -— —_—
1916 69,466 1082 ' 70,548
1917 72,113 1012 73,125
1918 42,744 741 43,485
1919 70,4429 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 56,113 2064 58,177
1925 73,042 3369 76,411
1926 71,249 3133 74,382
1927 67,083 3320 70,403
1928 75,063 o 4335 79,398
1929 83,388 ' 4793 88,181

1930 82,331 4732 87,063
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In Yellowstone Park the majeor increase in bark wvisitors cccurrsd
approximately when grayling declined (Table 5 and FPigure 6). The first
creel—census study made on the Madison River (years 1953 to 1957)
showed & positive relationship betwesn numbers of park visitors and
angler hours (Benson gt al., 1559). Barlier a similar relationship
had been assumed on Grebe Lake in the Park (Moffett, 1950).‘ Fishing
pressure in Yellowstons Lake was likewise discerned to be roughly
proportional io the amnnual 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 sven though exctic
fishes were present for nearly iwice as long a period in the uppsr
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 operatss against grayling, especially
if otkher members include such relati{elyumora—difficult—to~catch brook,
brown, or rainbow trouts. ingling 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 lesast @iffi-
cult o catch in daytime fishing is brown trout, rainbow trout, and
brook trout (Thorpe gt al., 1947). How this may function among trouts
in a community was indicated by Cocper (1952a) who showed that thres

brook trout were caught for each one remaining in a stream section at
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PABLE 5.——~innual numbsr of visitors to Yellowstone National Fark.

?W
‘Date No. of visitors Date Mo, of wvisitors
1931 221,248
1932 - 157,624
. 1933 161,938
1904 13,727 1934 260,775
11905 26,188 ‘ 1935 317,998
‘1906 17,182 1936 432,570
©1907 16,414 1937 499,242
-1908 19,572 1938 466,185
1909 32,545 1939 487,936
1910 19,575 1940 526,437
11911 23,054 1941 579,696
1912 22,970 1942 185,746
1913 24,929 1543 61,6946
1914 20,250 1944 86,593
1915 51,895 _ 1945 189,264
1916 35,849 1946 807,917
1917 35,400 1947 937,776
1918 21,275 1548 1,018,279
1919 §2,261 1949 1,131,159
1920 19,7117 1950 1,110,524
11921 81,651 1951 1,163,894
1922 98,223 1952 1,350,294
1923 138,342 1953 1,326,858
1924 144,158 1954 1,323,000
1925 154,282 1955 1,369,000
1926 . 187,807 1956 1,114,000
1927 200,825 1957 1,596,000
1928 230,984 1958 1,442,000
1929 260,697 ‘ - .1959 1,409,000
1930 227,901 1960 1,443,000
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_the end of the season, whereas one brown trout was caught for every
1three remaining, From what was writien previously, the grayling may
lbe nearly twice as easy to qatch as brook trout and five or six times
as easy as brown trout.

Member species of the upper Madison River game-fish communiiy
were not rearranzed to their present abundance until fishiné pressure
__becams high (Figure 7). GConcern for the effect of aﬁd the poasible
role of heavy fishing on trout decline has been expressed by Benson
_e_«_t__g.;_ (1959), Cope (1957), and Wicklund and Dean (1957).

Continuesd differential predation, including angling, reduces

" the reproductive capacity of & population. For example, in the Madison
River brown trout matured at two and three years of age (Brown and
Kamp, 1943), but the catch was mainly three- and four-year~olds {Benson
et al., 1959). Therefore, the species had ample opportunity to repro-
duce, In contrasi, the catch of rainbow itrout in the same siream was
mainly two-year—old fish that had not yet spawned. The rainbow itrocut
riwas at an obvicus reproductive disaévantage. It could be hypothesized
that a similar disadvantage siruck grayling at the time when trouts
 were introduced inte the Madison River. Base of capture and late
maturity of grayling undoubitedly enabled the removal of a large share
of the individuals of the species before maturity.

An exception to grayling being selectively caught was noted by
Eruse {1959) in Grebe Lake, Fishermen were caiching a lower percentage
- of the grayling than of the rainbow-cutthroat hybrid population. The
selection was willful on the part of fishermen who preferred the
hybrids and fished for them.

There are exceptions to the expectation that angler interest
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- pmay wane when the population of a preferred fish reaches a low level.
This was experienced for brook trout by McFadden (1961). A similar
situation may have pressed grayling to dangerously low levels in stream
after stream in Michigan and also possibly in Montana,

The pgrcentage of a population that can be removéd without
:reducing future generations varies according to the species and its
environment. No one knows what the critical level may have been for
igrayling in the two southern populations. Sillman and Guitsell (1957)
found that the removal of 75 per cent of an experimental gupDy

(Lebistes reticulotus) population was catastrophic. McFadden (1961)

found ne reduction in recruitment in brook trout as the result of
brood stock depleiion by angling over three years at removal rates
of 32.2, 59.0, and 64.6 per ceat. Hs attributed population maintenance
at this level of severe exploitation to early attainment of maturity.

A hypothetical é&ﬂel mey be suggested to illustrate the effect
of differential angling. Assume existence of a game-fish commanity
that had 300 each of brown, rainbow, and brook trouts, and of gfayling.
Furthermors, assume that brown trout and grayling mature at 10 inches
in 1éngth, rainbow trout, at 8 inches, and brock trout, at 6§ inches.
It seems reasonable fo estimate that for each brown caught, two rainbow,
three broek, and five grayling would also be removed. If enough fishing
bressure were applied to remove 50 brown trout, the community would then
consist of 250 brown tréut, 200 rainbow trout, 150 brook trout, and
50 grayling. Under an B8-inch-minimum size, a high percentage of the
largest members of the population would be removed first so it could

be possible for theMBO remaining grayling to be immature, Recruitment

into the brown trout population would not be affected, as only a few
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of the individuals over ten inches would be removed. The brook trout,
although heavily exploited, maintained itself because most individuals
could spawn before captiure.

In Alaska overfishing is hkeld to be the primary cause of.gray—
ling decline in the Fairbanks area (Wojcik, 1955). Herergrayling does
not maturs until five or s=ix years of age, so many individuais are
subject to & fishéry before reproduction is possible. The deterioration
of grayling fishing along the Alaska Highway has also been atiributed
to overexploitation.

It is therefore apparent ?hat a species so susceptible to a
fishery can be subjected to severe selective angling mortality. Under
certain conditions it may even be possible to reduces the population
below a recovery level. Perhaps the most crifical of these conditions
are the associated fish species (ses section on competition).

In the United States grayling is now caught by so few Iishermen
that many fail to recognize its identity. In Moniana grayling is
often misidentified as the unwanted mountain whitefish and discarded
on the bank or shore. Many Utah anglers regard grayling as a non-game
species, much preferring %o catch trout (pers. comm., Phil Dotson).
Perhaps it has been the scarciiy and an artificial aureole that
attracted anglers to grayling. In England grayling is also generally
classified as coarse fish and as\inferior to salmon and irouts for
food or sport (Torbett, 1961). The low esteem with which grayling is
looked upon in Great Britian is shown by the following from Coston
ei_al. (1936, p. 174): "Remember that all coarse fish, pafticularly

chub and grayling, are serious competitors of trout in the matter of

food."
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The grayling of Lake Baikal supports & modsst commercial fishsry
of approximately 200 to 700 tons per year. Angling and set nets are
used to make the catch {Nikolskii, 1957). The grayling in many lakes

and sireams in Sweden also has a commercial fishery (Fabricius angd

Gustafson, 1955).




COMPETITION FROM OTHER FISHES

Exotié trouts were early introduced into grayling waters. In
gome stireams grayling populations were already low; in others they
were still high. In nearly all grayling streams, exotic trouts flour-
ished and grayling declined.

Accepting Clements and Shelford's (1939) definition that compe-
tition is a demand by two or more organisms for the same resources or
conditions in excess of immediate supply and realizing the validity
of Gause's Rule (Gause, 1934), which states thai an ecological niche
cannot be occupied simﬁltaneously and completely by a stable population
of more than one species, it is apparent that trout introduction into
grayling communities would necessitate community adjustment. As trouts
and grayling are in mahy ways ecological equivalents, when the intro-
duced pepulation reaches a high enough density both species would be
utilizing the same environmental resources. The eventuality that one
of the species will become extiinet is shown by Franlk (1957), Gause
(1934), Park (1948), and others,

Competition may be direct, as active antagonism, or indirect,
a3 a species moncpolizing a given resource needed by ancther. The
more closely ecelogically related the species, the more intense the
competition. Degree of compeitition changes as environments fluctuate
to favor one or the other competitor. Along an environmental gradient

whose extremes favor two species, there would theoretically be a point

- 60 -
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on 2ither side of which each species would be superior (Grombie, 1947).
Competition has been repeatedly suggested as the major causse

of grayling decline (Brown, 1938a; Creaser and Creaser, 1935; Henshall,

1916; Thompson, 1925; and others). According to Brown (1943), the

zbsence of competitive trouts seems absclutely esseﬁtial'to grayling

survival. In nearly évery watershed it is difficult +to Separateleffects

of competition frem other simultaneous influences. In many placses

where exotic trouts have been introduced, the grayling has declined,

but often other changes were invoelved.
The Breook Trout in Michigan

The relationship of brook trout anéd grayling ecology iz not
fully undsrstood. Spread of brook trout into the grayling sireams
of Michigan was by both natural and artificial means.

Natural distribution and range
extension (

The native range of brook trout in lower Michigan is difficult
to determine because it is 2 recent natural invader at least into the
northwestern part of the Lower Peninsula, and dispersal from introduc—
tions had prevaded nearly all other suitable waters before 1900.

The brock trout was common in Lalke Superion (Agassiz, 1850;
Suckley, 1874) and it is still so. It occurred naturally above barriers
in the Furon Mountains (Hubbs, 1929), and in high isolated lakes of
Isle Royale (Hubbs and Lagler, 1949), but was rare in other Oreat Lakes
(Jordan and Evermann, 1911). It is considered as a long-time resident
of the Upper Michigan Peninsula. In an 1841 account of a trip from

Detroit to the Upper Peninsula, Hubbard (1887, p. 215) wrote the
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following:

Unfortunately there is not a trout brook, that is, a stream
containing real "brook trout," in the whole [lower] peninsula.
The moment the Siraits of Mackinaw are crossed the brook trout
iz found in abundance, in all the rills of the Upper Peninsula.

The abundance of brook trout north of the Straits of Mackinac
must have heen a sharp coﬁtrast to their absencs on the south. Lanmén
(1856) noticed the lack of the species about Mackinac Island but
reported an abundance of large trout only & short distance away on
the mainland. Hs continued to mention that brook troui was common
in both north- and south-flowing streams of the Upper Peninsula.

Strang (1855) reported that in 1853 brook trout was abundant
in certain small sitreams on the mainland, i.e.,, the Traverse region,
but thet most streams did not contain the spscies, only large numbers
of a fish that was unk?own to him (perhéps the grayling). Worman
(1887) wrote that 30 years ago (1857) the Jordan River was predominately
a grayling siream with few trout. 0ld men living nsar the Jordan Hiver
remembered when they caught one trout to every five grayling and said
that trout were umknown until 30 to 40 years ago (apprpximately 1850)
(Metcalf, 1961; Whitaker, 1887). About 1864 (Page, 1884) the Boyne
and Jordan rivers contained many grayling and few brook trout. These
statements, along with that of Parker (1878) who wrote that brook
trout did not exist in the Lowsr Peninsula 25 years age (1853), strongly
suggest the movement of brook trout from the Upper Peninsula to the
Traverse reglon not too long before the middle of the nineteenth
century. By netural range extension, the brook trout apparently
inhabited streams from the Boardman River to the Ocqueoc River (Bissell,

1890; Hallock, 1873a and 1879; Mather, 1874; Mershon, 1923). Bower
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(1882) thought that the Boardman River was the farthest south that

‘native trout had moved. Since brook trout was extending its range, 1t

is not surprising that the trout may have reached naturally the
Manistee River. Through the couriesy of the late George C. Depres,

the following article is quoted from the Manistee Times of September 11,

1869

Our piscatorial friends around Manistes will he surprised to
learn +that there are spsckled brook trout within a few miles of
Manistee. On Friday last Mr. Ruggles with other genilemen camped
at Pine Creek and thought they would like some fish for supper.
The first fish caught was a speckled brook trout and being elated
with their success they kept on fishing and soon had enough for
e good mess. It had been the general opinion of our people and
tourists that if they wanted speckled trout they would have to go
to the neighborhood of Traverse City to catch them. Pine Cresk
is 18 miles from Manistgé‘so let us patronize home institutions
and catch speckled trout in our own creeks.

The brook trout was thus actively dispersing southward until

it became intermingled with introduced populations. There seems little

‘question but that the speciss was native to the Lower Peninsula, at

least to the extent that it was not transplanted there by white men

“(Jerome, 1874; Michigan State Fish Comm., 1875).
s H

Geologically, recent movement of the brook trout into rivers

. that originally contained grayling probably accounts for early reporis
~of catching brook trout and grayling from the same stream (Henshall,
1919; Mershon, 1923). These unstable stream commnities were in

transition and both species were present (Table 6 and Figure 8). The

change of the Jordon River, Michigen, from a grayling %o a brook trout

' stream was noticed by Norman (1887), Page (1884), and Whitaker (1887).

They agree that it took approximately 30 to 40 years for the shift.

That is 20 years for the increase of brook trout and ancther 20 years
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TABLE 6.--Records of grayling and brook trout abundance in the Jordan
River, Michigan.

e e e

Date Observation Aunthority

1857 Predominately a grayling stream, few trout Horman, 1887

1860 Mény grayling; old timers remember

catching one trout to five grayling Whitaker, 1887
1864  Alive with grayling; brook trout rare Page, 1884
1866  Caught many grayling and trout from same

pool Norris, 1883
1868 Good grayling fishing ' Fitzhugh, 1873
1869  Swarmed with grayling Bebe, 1887
1871 Saw many grayliﬁg Milner, 1873
1873 Grayling abundant " Henshall, 1919

1875 Caught both trout and grayling, more trout Hallock, 1875

1877 Trout increase; grayling almost

disappeared Norman, 1887
1879  Caught two grayling, many trout Bebe, 1887
1879 Ceased to be a grayling stream Worihrup, 1880
1879 Crayling nearly extinct Mich. State Fish.

Comm., 1881
1880 One of Michigan's best known irout streams Page, 1884
1884 No grayling ' Page, 1884
1884  Caught 1000 trout, no grayling Delta, 1884

1885 Once a grayling stream, now trout, only an
ocecasional grayling Whitaker, 1887

1887  Grayling gone Norman, 1887
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for the decline of grayling. A similar pattern existed for the

Boardman River (Table 7). Limited information from the Boyne River

PABLE 7.--Records of grayling and brook itrout abundancs in the
Boardman River, Michigan.

i
— s—reate witrec—C T ——r
———

Date Observation Authority
1855 One-half trout, one-half grayling Metcalf, 1961
1867 Trout and grayling together Anonymous, 1874
1875 Caught 30 trout, 1 grayling Hallock, 1875
1886 Only an oceasional grayling Whitaker, 1887
1886 Grayling gone ' Norman, 1887
1889 Excellent trout stream Anonymous, 1889

(Table 8 and Figure 9) shows an abrupt grayling dscline at a later

date than the Jordan River.

Competition apparently was important in the decline of grayling
in streams that had native brook itrout populations, or we could say
in streams where brook trout were abundant for perhaps 30 years. The
decline of grayling in northwestern lower Michigan was undeTway by
1875, before logging and subseguent habitat change or fishing could
have been major factors. Henshall (1916) wrote that Pine Lake-Boyne
River waters were an sxample of competition reducing the grayling
population, for the region was not loggsd until much later. BStreams
in this area show a patiern of population change similar to that of

Madison River, Montana, where grayling decline is nearly coincident

with trout increase. In contrast, the decline of grayling in the
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TABLE 8.--Records of grayling and brook trout abundance in the

Boyne River, Michigan.

— —— -
e —

i

——-m

Date Observation Authority
1855 One-half trout, one-half grayling " Metczlf, 1961
1867 Grayling and trout together Anonymous, 1874
1870-76 CGrayling abundant Henshall, 1919
1874 Trout and grayling together Anonymous, 1874
1875 Many trout and some grayling; many
trout and 3 grayling Hallock, 1875
N . -
1879 One of Michigan's gulebrated t?Dut Northrup, 1880
streams; no mention of grayling
1879 Grayling nearly extinct Mich., State Fish,
Comm., 1881
1883 4 brock itrout stream Mich. State Fish
Comm,, 1885
1884 No grayling; important trout stream Page, 1884
1866 Go;ih:rout stream; grayling zlmost Whitaker, 1887
1886 Grzyling gone Norman, 1887

Maristes and Au Sable rivers was advanced before trouts were common.

rapidly as it had the short rivers in the Traverse region.

The brook trout did not pervade the Chsboygan River system as

It was

present in large numbers in the short main-stem Cheboygan River in

1874 (Anonymous,

1874; Green, 1874; Mather, 1874).

The lakes or their

occupants separating the rest of the system may as Whitaker (1887)

suggested have acted as a barrier to rapid upstream movement. In

1876 Norman (1887), after a thorough search, found no brook irout in

the Sturgeon River nor was it common in 1887 (Bissell, 1890). The
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‘prook trout was unreported from the Pigeon and Black rivers uniil

1884 (Anonymous, 1884c); the Maple River had only grayling in 1885

(Anonymous, 1885b) and had trout and grayling in 1891 (Anonymous,

1897a). Either brook trout was much later in reaching the Cheboygan
‘River or its upstream movemeni was delayed. The-ﬂaple aﬁd Black

rivers had grayling until 1899 (Hough, 1899) and 1906 (Mershon, 191€),

respectively, which was later than most other rivers,

Otter River

The Otter River, at the base of the Kewsenaw Feninsula, had a

population of grayling until 1934. Since at least 1884 and probably

long before (East, 1930), the river contained both grayling and brook

trout, This is the only stream in North America whers grayling and
brook trout coexisted for such a long period and for some of this
period grayling did better than brook trout. lowe {Taylor, 1954) in

1925 found introduced rainbow trout the dominant fish, then grayling,

and third, brook trout.

- Introduced populations

The first decumented introduction of brook trout in Michigan

 (Mershon, 1923) was in the spring of 1870 in the south branch of the
 Tobacco River {(Clare County). Ho%ever, in 1866 Mr. Clark of Clarkston
f(Oakland County) bhad a private pond that contained this species. No
 record is available whether he distributed fish to other areas. Early

private plantings were made along the Flint and Pere Marguette Railroad

in the Eersey, Pere Marqueite, Tobacco, and upper luskegon rivers

(Lake, Oscela, and Clare Counties) (Mershon, 1923). In Oceana County

" the first brook trout came from private stock that was planted in



- 70 -

1878 (E.D.R., 1885).

By 1879 many brook trout had escaped or been planted from private
ponds (Mich. State Fish. Comm,, 1881). These introduced populations
attracted much attention as they were in the southern part of the
state where trout had not existed previously. Firs% public plantings
ﬁere made in Cass, Berrien, and Kalamazoo ﬁounties in 1879 (Mich. S5tate
Fish. Comm., 1881). Additional introductions in 1880 were in Allegan,
Berrien, Cass, Calhoun, Clare, Kalamazco, Kent, Mecosta, Newaggo,
Oceana, Van Buren, Washtenaw, and Wexford counties. Befors 1880 the
only watersheds containing grayling that had been stocked with brook
trout were the Pere Marquetie ané Muskegon rivers., There is no record
of brook itrout being planted in the northern part of the Lower Penin-
sula until 1882 when sireams in Cheboygan and Charlevoixz counties were
stocked (Mich. State Fish. Comm., 1883). Also, at the latter date
3000 brook trout were stocked in the Rifle River so that all of the
southern-most grayling stresams had now been planted with brook trout.

Letters to the State Fisheriss Commission recorded the resmark-—
able success of these early introductions (Mich. State Fish. Comm.,
1883). Both growth and reproduction were excellent. This would indi-
cate that probably time was the major factor that had kept the indigenous
brock itrout from spreading throughout the state.

Pigure 10 summarizes the spread of brook trout in lower Michigan.
Az late as 1882 none had been reported from the northeaste;n part of
the peninsula--i.e., upper Manistee, 4u Sable, Maple, Black, Sturgeon,
and Pigeon rivers. Therefore, any decline of graylinglin this rsgion

before approximately 1885 could not have been due to competition from

" brook trout.



Figure 10.-~Distribution and dispsrsal of brook trout in lower
~Michigan, The southsrn two-thirds of the state had no native brook
trout; dates are the time and location of sarly introductions. The
north and west sector is the natural distribution by about 1870. Th
central crosshaichad section was the last area to bhe invaded by or
stocked with brook trout; dates in the crosshatched ssction are when
trout were reported as absent. Data from Table 9 and text.

2
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TABLE 9.——FBarly introductions and records of brook troui in lower

Michigan.

Date Location Authority
1866 Private ponds at Clarkston : Mershon, 1923
1870 South branch, Tobacco River Mershon, 1923
1872 Caught 1 brook trout at Reed City Metcalf, 1961
1874 Hersey Creek, Pere Marquettie River,

Tobacco River, and Upper Muskegon

River Mershon, 1923
1878 Gceana County %.D.R., 1885
1879 Many brook trout have escaped from Mich, State Fish.

privaite ponds throughout state Comm,., 1881
1879 Cass, Berrien, and Kalamazoo counties Mich. State Fish,

Comm,., 1881

1880 Allegan, Berrien, Cass, Calhoun, Clars,

Kalamazoo, Kent, Mecostz, Newaggo,
Oceana, Oscecla, Van Buren, Washienaw, ¥Mich. State Fish.
and Wexford counties Comm., 1881

The brook trout was probably not abundant in the uppser
Mznistes River until after 1890 (Table 10). Although this trout was
present in the Ibwer river, it apparently did not move upstream but
was established in the upper river by introductions. The decline of
grayling was underway before brook trout was common (Figure 11). This
curve, like the one of grayling decline in the Au Sable River, indicates
that a factor other than competition was the major cause of decline.

As late as 1882 (Tables 13 and 14), reports were that the
Au Sable River had no trouts. The grayling had been declining steadily

for several years (Figure 12); by 1883 and 1884 there was considerzble

Public pressure for the state to stock the Au Sables River with brook
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TABLE 10.—-~Hacords of brook irout abundance in the upper Manistze
River, Michigan.

Date Gbservation futhority
1875 No trout ‘ o Horman, 1887
1682 No trout » Norris, 1883
1884 No trout . Harris, 1884
1839 No trout Herrick, 1926
1830 Wo trout Hubbard, 1900
1900 Good trout fishing Hubbard, 1300
1502 Good trout fishing BEarris, 1905
1504 Goed broeck trout fishing; no rainbow

trout Harris, 1905

trout., On page 33 of the Michigan State Beard cf Fish Commissioner's

report for the years 1882 and 1884 was the following:

For the past twe years the Commissioners have been urged by
several gentlemen whose lmowledge of the river is full and
accurate, to plant the famous grayling river, the Aun Sable,
with brook trout. They tell us the grayling is almost exter-
minated there., . . . We have very reluctantly come fto the same

conclusion.

This stztement was a reversal of the decision mads by the Commission
in 1879 torthe effect that grayiing streams of Michigan should never
be stocked with brook trout (Mich. State Pish. Comm., 1881). 1In 1885
the Michigan Fisheries Commission planted 20,000 brock treut fry in
the Au Sable River. The location of this first introduction is
uncertain. The Commission report (Mich. State Pish Comm., 1887) said

the planting was in Grayling township; Mr. Peterson (unpublished notes)
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TABLE 11,--Records of grayling abundance in the upper Manistee River,

B

p————t

Michigan.

Date Observation Authority
1874 Avundant Henshall, 1319
1875 Full of grayling :Norman, 1887
1879 Very abundant Norris, 1879
1876  Excellent fishing Hough, 1899
1877 Three men caught 600+ 1bs, in two days Furman, 1878
1878  Excellent fishing Anonymous, 1880
1878 ‘Phree men caught 200 the first day Nepigon, 1879
1879 Best fishing upper part, decreasing near

Walton Northrup, 1880
1880  Exzcellent fishing Norris, 1883
1882  One man caught 212 in one day Bower, 18862
1884  Caught lots Anonymous, 1884z
1884 Caught 227 in two days Harris, 1884
1884  Abundant Mitchell, 1894
1885  Caught 200 Anonymous, 1885a
1887 300 fish taken Mich. States Bd.

Fish Comm., 1887

1887 CGood grayling stream Norman, 1887
1889 Lats Herrick, 1926
1890 PFishing still good Shields, 1892
1890 Caught 52 grayling in half a day Hubbard, 1200
1891  Fair fishing Macfie, 1895
1892  Upper lanistee, best grayling fishing in

state B. B., 1892
1894 Common in upper Manistee, rare elsewhare Mitchell, 1894
1899 A few good catches in upper Manistee River Harris, 1905
1900 Good fishing Bubbard, 1900
1901 Three caught 100 Benshall, 1902
1902 Fished 100 miles of Manistes, only two Barris, 1905
1502 $i11 some Herrick, 1926
1904 Very few Harris, 1305
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PABLE 12.--Logs handled by the Manistee Boom Company at the mouth of
the Manisiee River, Michigan., From Botchkiss, 1898.

Date Board feet Date Board feet
1869 96,291,417 1884 248,812,668
1870 51,334,696 _ 1885 215,641,134
1871 113,125,125 1886 219,384,703
1872 125,356,504 1887 249,956,859
1873 154,679,382 1888 246,090,313
1874 148,205,060 1889 233,146,927
1875 151,950, 668 1890 238,128,770
1876 140,294,794 18391 242,336,590
1877 139,570,765 1892 252,801,657
1878 171,422,539 1893 202,203,183
1879 197,010,965 1894 214,226,973
1880 198,915,742 1895 204,195,371
1881 208,391,088 1896 223,688,575%
1882 223,844,838 1897 238,358,575%
1883 218,715,568

¥Alsc includes logs carried by railroad.

said, near Frederic; whereas Cooper (1952b) reported that brook trout
was first introduced in the North Branch the same year.

Other fishes were planted in the Au Sable River before brook
trout. In 1874 and in 1876 California salmon was unsuccessfully
introduced (Mich. State Fish. Comm., 1876). The rainbow trout was
first introduced in 1875 and a second planting made in 1880, but it
was slow in becoming established (Figure 12). The first available

record of catching trout in +the 4Au Sable River was in 1884 (Anonymous,

18644) when six were caught in a small brook a mile from the village




_':('7_

TABLE l3.--Becords of rainbow trout abundance in the Au Sable River,
Kichigan.

Date Observation Authority

1867 No trout Norris, 1879

1875 First planting Bower, 1911

1876 Pirst planting Mershon, 1923

1880 Second planting Bower, 1911

1882 No trout Norris, 1883

1882 No trout G. D., 1882

1884 Becoming a fine trout stream Harris, 1884

1895 Estimated 25,000 removed U.S. Fish. Comm.,
1900

1897 Some Anonymous, 1897b

1867 Qaunght 3 1b. rainbow Harris, 1905

1698 Coming along good Anonymous, 1898

1899 Caught B0 rainbows and brooks Mershon, 1923

1910‘ One of best rainbow streams Bower, 1911

1914 One of best rainbow sireams Smedley, 1938

1920 10 brown and rainbow trout caught

for every brook trout

Irland, 1920

of Grayling.

Mr, Hansen from Grayling (pers. interview) caught his

first brock trout in this vicinity in 1887. The catching of a different

fish caused considerable exoitement among the local people.

In the Au Sable River grayling dscline was advanced before

exotic trouts could have been sufficiently abundant %o be influential.

When Figure 12 is compared with Figure 8 of the Jordan Hiver, a marked
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TABLE 14,——Hecords of breook trout abundance in the Avr Sable River,

Michigan.

Date Observation Authority
1867 Wo trout Norris, 1879
1882  Wo trout G. D., 1882
1882  No trout Norris, 1883
1884 Caught 6 in a little broock 1 mile from

Grayling Anonymous, 18844
1884  Becoming a fine trout stream Harris, 1884
1885 20,000 fry planted Mich, State Bd.

Pish Comm., 1885

1893 5000 live were sent to Chicago World's

Fair at 10z a_piece Irland, 1920
1895 U.S. Pish Commission took 8-10,000

spawners, estimated 75,000 brook trout U.S. Comm,, Pish

removad from river this year and Fish., 1%00
1897 Good trout fishing Howe, 1837
1897 Abundant Ainonymous, 1897b
1898 & Detroit group took 1100 Hough, 1899
1899 Caught 400 inﬂE days Symes, 1899
1899 A Detroit group took 1800 Hough, 1859
1899  Caught 60 rainbows and brooks Mershon, 1923
1902 Eztremely plentiful Henshall, 1902
1910 One of ths best brook trout streams of

Hichigan

Bower, 1911
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TABLE 15.--Records of grayling abundance in the 4u Sable River,

Michigan.

Date OChservation Authority
1873 220 fish in 2-3 miles Fitzhugh, 1873
1873 Two men killed 2000 fish in a week Irland, 1920
1873 Many large schools Norris, 1883
1873 Caught 143 fish Milner, 1873
1873 215 in 2 days by 2 men Hallock, 1873a
1874 Abundant Henshall, 1919
1874 Many Norris, 1883
1874 Pive casts, 15 grayling Norris, 1879
1874 About 60 caught per person per day Green, 1874
1874 Schools of 50 to several hundred Mather, 1874
1875 Caught 118 fish in 2 days Mather, 1875
1874 Packed on bottom like cobbleztones Banta, 1876
1877 Six peoples caught 285 Halloek, 1877
1877 5000 from 5 miles of stream Norria, 1878
1877 Plentiful Oatka, 1888
1879 Six people caught 950 in 5 days Northrup, 1880
1882 Fished all afternocon to catch enough

for dimmer G, D., 1882
1883 A few in lower resaches Yich., State Bd. Fish

Comm., 1885

1884 Occasional grayling Oatka, 1888
1884 Becoming denuded of grayling Harris, 1884
1884 Good fishing, 80 grayling per day Anonymous, 1884a
1884 Good fishing Anonymous, 1884%b
1884 Some a% meouth of South Branch Goode, 1884
1887 Good grayling stream Bissell, 1890
1887 Being depleted Norman, 1887
1887 Poor fishing Bebe, 1887
1887 Pished 3 days, caught 300 G, H, H., 1887
1887 Three people caught 330 in 7 days Hasbrouck, 1887
1897 Light catches Harris, 1905
1897 Scarcely any lefi Anonymous, 1897h
1897 Very few grayling Howe, 1897
1898 Almost gone Anonymous, 1898
1899 Caught 60 trout and 1 grayling Mershen, 1923

1904

Extinct

Harris, 1905
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TABLE 16.--Logs handled by the Au Sable and Oscoda Boom Companies at
the mouth of the Au Szble River, Michigan. From Otis (1948). (Data
rounded to the nearest thousand

bate Board feat 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 474150 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 574530

difference is noticeabls,

The Brook and Brown Trouts in Yontana

Three species of trouts were introduced into grayling waters
in lontana at nearly the same time. These, plus the indigenous
cutthroat trout, were all possible competitdrs with grayling, That
a major changs in therfish fauna resulted is not surprising. As early
as 1860, Head (1874) observed that cutthroat trout and grayling occu-

pied the same streams. Other observers have noticed the compatibility

of the two spescies (Brown, 1938a; Evermann, 1893),
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Many grayling have been stocked in the waters of Montana since
1899. Thers is no way to evaluate the influence of thess plantings
upon existing communities. Some recsnt plantings of 6-inck grayling
are doing wsll, but as a rule the early propagation of grayling fry

probably had poor success.

Examples of coexisience

The grayling and exotic trouts are often, but not always,
mutually exclusive. There are weters in which both have survived fer
a number of years. As was noted in certain Wichigan streams and as
is more pronounced in some Montana streams, a period of about 20 years
coexistence is often common before a drastic grayling dscline. To
be a valid example, the iwo 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 broock trout and
grayling for perhaps 30 years. It is true that gensrally whenever
exotic trouts have been iniroduced grayling has tended to decline.
Often a selective fishery and habitat changé occur at the sames time,

Grebe Lzke. Grebe Lake at the headwaters of the Madisen River
in Yellowstone National Park is one of the few examples of a grayling
populztion bheing superimposed upon a thriving rainbow and cutthroat
trout population., Originally barreﬁ, the lake cutlet was stocked
with rainbow trout in 1889 (Jordan, 1891). In 1912 cutthroat trout
was added (Kruse, 1959); by 1915 these two species wers abundant

(Kendall, 1915). Annual plantings of grayling began in 1921 (Kruse,
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1959), and by 1930 all three gpecies were doing wsll (Woodbury, 1930).
In fact, Phillips (1926) said Grebe Lake was cne of the best rainbow
trout waters in Yellowstone Park. Since 1932 large numbers of grayling
eggs have been taken from Grebe Laks spawning runs_for artifiecial
hateching. Some of the fry have been returned td the lake, but wost
havé 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 establiished, and even with the drain on the population of removing
spawn and a limited spawning area grayling has become the dominant
speciles,

BElizabeth Lake. 7The 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 themsslves since +he above dates. In 1959, 1960, and 1961
grayling made up approximately 40 per cent of the caich and rainbow
trout, the remainder (pers. comm., W. M., Morion). From the one

' : A introduction grayling becams established and suceessfully compeied
with rainbow trout for 37 years.

Upper Gibbon River. The brook trout and the grayling have
~

s

existed together in the upper Gibbon Biver, Yellowsdone National PaéEE}(/
between Gibbon Falls and Wolf lake for many years. Although rainbow \\
trout is common above and below this séction, it avoids the intermediate

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

Madizson River

It may be well to separate the game—-fish communities of the
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Madison River inio two geographical areas: +the upper Madison River
in Yellowstone Fational Park and thes central Madison Biver in the
vicinity of Meadow Lake. The brown trout appears to be the most

important competitor, sc it will be discussed most fully.

Upper Madison River. Habitat conditions appear to have changsd
little in the upper Madison since the early accouﬁﬁs in 1889 and 1891
by Jordan (1891) and Evermann (1893), fespectively. 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 Missouril River drainage. The role of continusd
stocking of ceritain spscies npon thelr success in the community is
unlmoewn. In the 1930's and early 1940's grayling was stocked; more
recently the emphasis has shifted to brown trout and rzinbow trout.
The occasional grayling now found in the upper Madison River probably
drifted down from the upper Gibbon River,

Pigure 7 shows the changss in the game-~fish community and
Pigure 8 is a schematic pfesentation of this transition. The following
sequence is suggested: natural fish community —» Iniroduction of
gxotics —3 build up of complex fish community —= community including
2ll species ~—> soriing of community —> decline or rise of certain
species —3 new fish community of essentially new-species composition,
The cutthroat and brook trouts survived in small turbulent tributaries,
but the grayling, unable to toleraie such conditions, was nearly

exterminated.

The introduced species regquired 20 years to build up a large
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TABLE 17 ,.,~-Bscords of gams—fish abundance and introduciions in the

upper Madison River, Montana.

Date Observation Anthority
1882 Grayling very abundant Curtis, 1884
1889 Rainbow trout in Gibbon River Jordan, 1891
1889 Brock 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 speciess: rainbow trout

over fzlls from upper Gibbon River,

brook trout from Firehole River, hrown

trout from Firehole River. Grayling,

NUmMeTous Fromm, 1941
1915 Madison recognized as a good grayling

stream Chittenden, 1915
1915 A1l native and all introduced species

abundant Kendall, 1915
1919  Brown trout has become dominant species Mont. Fish and Game

Comm., 1919

1921  All native and all introcduced species Smith and Kendall,

abundant 1621
1925 Grayling appears to be holding its own Russell, 1525
1926 Smaller tributaries, best brook trout

gtreams Philips, 1526
1926 Grayling lecally abundant Philips, 1926
1926 Brown trout, most abundant species Philips, 1925
1933 Grayling greatly reduced HeCarty, 1933
1938 Grayling noi very numerous Back, 1938
1939 Brown trout, rainbow trout, few grayling Simon, 1939
1953 Brown trout, rainbow trout, few grayling

and brook trout

Benson et al., 1959

#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.
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population; then after a period of sorting grayling required about

20 years for decline, 7This same genaral chronology was followed by
the game fishes in the Jordan River, Michigan, community (Figure 8).
In contrast, in boith the Manistee and Au Sable rivers in Michigan, the
pepulation increase of brook trogt was neérly twice as rapid. Thse
Jorden River is an example of competition and—as will be brought out
later—the Manistee and 4u Sable rivers, examples of habitat changs.
It appears that the upper Madison River community had the Timing of s
commnity disrupted by competition. There was an extended period
during which all species wers abundant, more so than some other rivers.
Perhaps where no habitat change takes ﬁlace the sorting of species

requires a longer time,

Central Madison River. The central Madison River has undergone

moderate habitat changé, heavy fishing bressure, and community disruption
by introductions like that of the upper.fiver.

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 +o 1914 both species were well established in Meadow Lake. This
permitted about 2Q years for d3wnstream 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 rars. 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 Pish
Cultural 3tation,
Henshall, Nov, 9, 1897

1898 Few Anonymous, 1920

1899 Wone Eohles

1303 Lots Schbarber

1905 Best grayling fishing in the U.3S, Anonymous, 1920

1905 Buckets full Baker, S&r.

1908  Bozes full (below dam) Schbarber

1908 Pitch forked out-of 0'Dell Creeck Kohles

1012 Very abundant Parker

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

1913 Catech many Baker, Sr.

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

Creek Comm., 1914

1913 Ennis lake, fine grayling fishing lont. Game and Fish
Comm,, 1914

1915 Pitch forked out of 0'Dsgll Creek Kohles

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

1915 Big declins Schbharber

1920 Trout mosit abundéht Anonymous, 1920

ig21 Caught many grayling Baker, Jr. '

1929 Gan catch out of any hole Fugua, 1929

1933 Completely gone Baker, Jr.

1934  Some in Meadow Creek Brown, 1938a

1936 Bggs taken at 0'Dell fish trap Brown, 1938Db

1943 Rare, Ennis Lake Brown, 1943

1951 Rare Nelsen, 1954

1954 Rare Kruse, 1959
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TABLE 19.--RBecords of rainbow trout zbundance in the central Madison

River, Montana,

o
——

I

Date Observation Authority

1913 QOccasional - Baker, -ST.

1615 Good fishing Anonymous, 1920

1920 Poor fishing Anonymous, 1920

1920 Eggs from Meadow Creek Anonymous, 1920

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

1928 Big catches Fuqua, 1929

1928 Very abundant in Meadow Creek Fugua, 1929

1934 Some in Meadow Creek Brown, 1938a

and by 1913 to 1918 several accounits of brown trout abundance are
recorded; it bas continued as the dominant trout. Few observations
on rainbow trout are available., But it appears %o have reached =
peak soon after brown trout (1920—1930), then declinsd.

Figure 5 suggssits-a relationshipjbetween the increzse of brown
and rainbow trouts and the decline of grayling. The general pattern
is similar {0 that of ths 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 Cresk, a tributary to Meadow Lake and a creek from which
grayling spawm was taken for many years, had brown trout, rainbow trout,
brook trout, and grayling as late as 1934 (Brown, 1938a). A4gain, the

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

in the central Madison

Date Observation Authority
1910 First large ones in Eanis lake Baker, Sr,
1913 Caught lots through ice Baker, Sr.
1916 Lots Schharber
1918 Became thick Kohles
1919 Lots Baker, Sr.
1923 Brown and rainbow, deminant fishes Mont. Fish znd CGame
Comm,, 1923

1923 9 million eggs from Madisen Valley Thompson, 1925
1924 12 million eggs from Madison Valley Thompson, 1925
1528 Big catches Fugqua, 1929
1928 Tock 14 million eggs from Meadow

Creek FMugua, 1529
1933 Peak of brown trout Baker, Jr.
1934 Some in Meadow Creel Brovm, 1938a

time must have been in the sorting pericd when all species are present.

This same period is evident in nearly every instance where competition

may be a major factor., An introduced species must reach & cerizin

population density in relation to the existing community and in relation

t0 environmental resources before severe competition takes place

(Crombie, 1947).

In trout-grayling communities that have not undergone

marked habitat change, it seems o require 15 to 20 years for the

introduced trout to reach a severe competitive level, and then, a

gimilar period of time for grayling decline.



- 90 -

Supsrimposed upon both of the Madison River fish communities
has besn increased fishing pressure during the period of compstition.
Grayling decline occurred at about the same time in both comminities,
although exotic trouts were present for a longer time in the upper
river. Heavy exploitation, howsver, took piace ét the séme time in

the two communitiss.

Centennial Valley

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

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

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

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

contimied 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 Staztion when brook trout was planted
throughout the state, Montana State put 35,000 brook tfout in the
Red Rocl: drainage in 1913 (Mont. Game and Fish Comm., 1914). This
may hawve been one of fhe first initroductions for local ranchers also
mention this date as the approximate time when brook trout first
appéared. The species has done well. Both brook trout and grayling
were abundant for approximately 20 years before grayling began to
decline, ‘his again follows ithe 20-year cycle of the spescies in other
streams where competiéion was imporiani.

Local distribution of rainbow trout probably lessens its role
as a grayling competitor. The broock trout, on the oither 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 frout is mainly a ﬁérmanent resident of the upper reaches of
tributary streams, whereas grayling inhabifs the lake and makes shori
spawning runs into the lower stream reaches.

Nelson (1954) found that grayling moved only z short distance
up Red Rock Cresk to spazwn. It shows an inverse relationship io hrook
trout both in time and in distance upstream (Table 21). The gquesticn
then arises, is this separation & resuli qf competition, habitat
prefersnce, or hoih,

- Section 1 is nearest the lake; the stream gradient is approxi-
mately 10 feet per mile; erosion is commen; and the bottom is composed

of fine gravel, silt, and sand. Section 2 has a gradient of 15 feet
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TABLA 21 ,——Number of grayling and brook trout taken in three 600~foot
sections of Red Rock Creek during the summsr of 1952. Modified from
Nelson (1954).

P Al s P P A S g e e B e e
e et s et il Y e e P - e Tl byt

—
e ——n

Section 1 Section 2 Seciion 3
Date Brook Brook Brook
Grayling <*rout Grayling trout Grayling trout
June 28=July 1 9 1 7 10 1 50
tug. 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 upstreamf the gradient is approximately 25 feet per miles
and the bottom maiterials are gravel and rubble. The grayling, then,
53 most abundant in sections 1 and 2, but the brook itroui is more
common in sectiom 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 é'non—ruhble bottom. Since brook trout is rela-—
tively non-migratory in this area, beaver dams would not interfere with
itgs life oycle 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 ths 1aké. Ths 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 ceniral section
of the stream. However,-since the concentration of grayling while in
the stream is below this point and the concentration of brock trout is

above, streams may not be an area of critiecal compeiition.
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Discussion

The only clear example available of competition depleting a
grayling population without other obvious factors is in the Jordan
River, Michigan. ZEarly decline was apparent before angling or habitat
change were important, Several examples of coexﬁstence have besen
mentioned:. breok trout in Otiter River, hybrid trout in Grebe lake,
and perhaps brook 4rout in Red Rock Creek. Some waters in which trouis
and grayling coexist may be near the peak of the cyclée when both species
ere common, The late arrival of exoties in some waters, i.e. Meadow
Creek and Red Bock Creek, tends to put the cycle peak comparatively
recently. #Slight habitat change may slow down (upper Madison River)
or increased change may accelarate (central Madison River) this
competition cycle. W. G. E. (1897, p. 470) of Petoskey, Michigan,
probably expréssed the opinion prevailing at that time, "any angler
knows that typut drive grayling from a stream, in time, but it takes
a considerable number of years for them to do it. In ths meantims
there are both ireut and grayling.”

A difference in timing seems to exist between those waters
where habitat change was important and those where competition Was‘
important. ‘Wheré competition may be major, a 15-to 20-year rise of
exotics and a 15-to 20-year decline of gfayling is common., Usually
those streams without competition have a short pericd when game fish
are nearly absent; in contrast, thoss with competition have a pericd
when -all species aré COMMOn .

When during the 1life cycle does competition take place? Food
is often considered first in this regard, The adult grayling is not

restrictive in food habits., Brown (1938z) found a zreat similarity
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between feeding habits of grayling, cutthreat, rainbow, brook, ang
brown trouts. The grayling and bluegills zlso feed on the same group
of organisms {leonard, 1940). Schumann (1958) concluded that bath
Buropean and arctic graylings, in general, sat a cross section of
invertebrate animals_that occum in the streams.l Rawson (1950) and
Ward (1951) agree that a grayling's dist is varied and that it depends
upon the organisms available., Many introduciions of yearling or older
grayling have survived, but no reproducition resulted (Leonard, 1939;
Lord, 1932; Mont, Game and Fish Comm., 1914; Tryon, 1947). Compstition,
therefore, must be most severe at some other point in the life history
than for food of adulis.

A second type of competition mey be a predator-prey relationship.
Both brown and brook trouts are fall spawners; thus, their young are
feeding when the spring—épawning grayling is hatching.: The first two
or thres weeks after hétching, grayling fry make little attempt to
hide when disturbed (Nelson, 1954). Predation may be heavy at this
time. Spring spawners, as cutthroat trout, do not have a size advan-
tage over their own progeny or perhaps grayling fry (Benson, 1960).
From brook trout taken in an area whers grayling spawn, Nelson (1952}
found no svidence of ﬁredation in the stomach analy=sis of 49 brook
trout captured by angling, and in 97 stcmachs collected by slectro-
fishing two contained eggs and 13 contained grayling fry (Nelson, 1954).

Competition for spa%ning space seems unlikely sinece grayling
prefers substrates of smaller particle size and since grayling is a |
spring spawner, whereas its main competitors spzwn in the fall.

The ability of adult grayling to survive when stocked suggesis

that space or an ecological niche for adults is not a problem.

1
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Fish eating of spawning eggs is usually not limiting (Grealey,
1933; Shetter, 1961; Smith, 1947}, Brown (1938z) and Kruse (1359)
found a few eggs in grayling stomachs, but these were probably just
drifting eggs from spawning.

Thus, if competition is a factor, it must.take piace after
hatching and probably before the yearling stage. In addition to
predation at this time, competition for food may be important for fry,
The grayling fry is much smaller than itrout fry and has a smaller yolk
sack that is absorbed rapidly. Swmall grayling began ingesting food
at one week of ags instead of two or three weeks like most trouts
(Brown and Buck, 1939). In =a hatchery 90 per cent of the grayling
fry had food in their étomachs by the seventh day (Brown, 1938a).

The grayling, thereforg, has a critical period during which it must
have quantities of a proper food supply. Time after time Brown (1938a)

observed the ftiny fish attempting to ea$ adult Entomostraca but without

guccess. Apparently the small mouth prevented taking this large an
organism until the fifth week. Chironomid larvae and pupae are one
of the smaller foods that grayling fry utilize heavily (Kruse, 1954;
Mather, 1875; Norris,-IBSB; Svetovidov, 1936; Wojcik, 1955); Leonard
(1938) found the diet of brook trout fry to be 90 per cent Chironomid
larvas and pupae. Ea_cites other records of 70 and 73 per cent
Chironomids -in brook troué-fry diets.

Since grayling, because of its sﬁall yolk sack and small sizs,
requires suitable food during a critical pericd, deplstion of that
food source by compefitors can be important. If abundant Chironomid
larvae are not available during this three- or four-week period, the

grayling fry can neither eat othsr insects nor, because of its slow
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development, can it readily swim to a different feading area,

Just when in the life cycle keenest competition prevails ig
unknown. Probably this varies from community to community as differant
fzetors become limiting for each species. In Hurope grayling and.trouts
live together in many streams with little evidence of harmful competi—
tion. In fact, the grayling has spread.throughout Bagland and Scotland
in streams inhabited by irouts (Schumann, 1958).

Populations, a5 the two disjunct grayling populations that have
lived in isolation for a2 long period, have not evolved mechanisms of
interspecific toleration with ecological equivalents (Newman, 1956),
This same type of situation is seen in island faunas and floras that
ars susceptible to exotics,

There is little doubt that grayling is highly intolerant of
trouts. One can point to meny streams that had grayling until brook
trout arrived. I% should be considered that many of the smaller
tributaries where greyling persisted the longsst were not optimum
grayling habitat but were streams into which grayling was foresd by
changing conditions in the velleys. At the same time small headwaters
are often optimum brook trout habitat.

Andrewartha and Birch (1954, p. 24) stated that "it is the

quantity of the limited resource which determines the desnsity of a

population, not the intensity of competition" and continued to point
out that the explanation for population decrease should be sought in

the resource that is in short supply.




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 eritigal
resources. However, often rivers and strsams are greatly changed noi
only by use of water itself but also by land use on the watershed
(Eschmeyer, 1955). Water courses form long, sinuous ecosystems that
sxpose much flank area to possible influence from land-use activities,
It is this boundary phenomsnon 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 exelu-
sion of egriculture, whereas the opposite was true in Montana.

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

Otter River. -
dgriculture 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

_9'?'...
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the most potent phase of agriculture, but land and siream~side clearing
and grazing were also important. BSince it is difficult to ssparate

the effects of various aspects of agriculturs, it is neceéssary to
discuss several individuazl Montana watersheds and anzlyze the salient

features of each.

Sun River Watershed

Nearly all bottom lend in the lower Sum River Valley, Cascade
County Montana,is irrigeted; uplands and slopes are pasiured. The early
practice was %o waler crops in late June and early July and to irrigate
hay fields in late August (Wilson, 1893). Private irrigation started
in 1868, Almost everyrhomesteader built & dam to divert water from
the stream bed. Before 1900 nearly all small iribuiaries ware used
for irrigation becezuse they could be dammed easily and diverted through
ditches to the low=lying valley floor. At this tims stream flows were
good and relatively stable. According to early setilers, it was diffi-
cult to find a shzllow place to ford the Sun River. FHNow, during late
Summer, the stream may dry to disconnected pocls.

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 occupied. Willow Creek Reservoir, complstsd in
1911, blocksd ons main;tributary of the Sun River. Construection of
Gibson and Diversion déms, along with a reservoir—canzl complex, began
in 1913, making water available in 1920 for the 50,000-acre Creensfield
Division. As waier 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 s8ilt load musi have increased
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from returning irrigation water and eTosion. As sarly 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 cutfhroat frout wers
abundant in the Sun River until the early 1900's., MNr. Pord (pefs.
interview), who has lived along the Tiver since 1883, reported that
grayling was seen in large numbers in clear holes until about 1908,
By about 1913 the graﬁiing was nearly gone. The rainbow trout was
planted first in 1913 (Mont. Game and Fish Comm., 1914), and local
residents reported the earlisst catches of it by 1915. The brook
trout was also.introduc;a about this time bui has never dons 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 ceause of decline,

It seems doubtful that high water temperaztures alone could have
been the determinant of grayling decline in the middle and lower rezches
of the Sun River. This fish was reported to be concentrated in the
upper reaches and tribﬁtaries 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 usszd and better construction
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materials became available, more siurdy and higher siructures werg
built. PFederal pariticipation in irrigation development from 1306 +te
1920 zccelerated 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 moﬁe into clearwater tributzries during the
summer.

The grayling diminished in the Sun River aboui the same time
that large areas of lénd were opened to culiivation by development of
water diversion and storage structures. Whether a temperaturs thres-
hold, & blocked spawning migration, or the accumulated loss of tributary
habitat was the major facto} is not elear. Probably 21l were important.

Competition with ftrouts did not seem to be involved.

Sheep Creek Watershed

Sheep Creek, a tributary of Smith River in Meagher and Cascade
counties, Montana, is an example of optimum grayling habitat lying in
cptimum local agriculturai‘land. The central poriion of the watershed
widens abruptly into a small mountain valley spproximately S5-miles long
and l-mile wide. Sheeﬁ Creek meanders through this low-gradient section
between willow-lined stream banks. Numerous small tributaries converge
toward the main stream in thHe vélley. Both below and above this valley
topography steepens.

Head (1874), Imdlow (1876), and Prisson (1898) found grayling,
mountain whitefish, and cutthroat trout very common in Sheep Creck.

Mr. Coburn (pers. interview), who lived at the mouth of Sheep Crezk
on Smith River from 1898 to ;913, said that these same fishesz, plus

suckers, were abundant in that arsa. 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 & marked decline was obvious.

Bive thousand each of brock and rainbow trouts were planted in
Meagher County in 1898 (Bozeman Fish Cultural Station stocklng 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 1520,

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 abruprt 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 rightis were first taken in 1875,
and all easily usable water had been commendeered before 1900 (Mont.
State Bng., Office, 1950). Small springs and tributaries in the valley
were diverted into ditches. The main stream was completely dammed
in severzl places causing the channel to be dry in some sections until

_seepage Te-entered the chennel. Prisson (1898) mentioned that Sheep
Creek runs through a éection of mountain meadows where the slowly
flowing water proﬁi&es the best grayling fishing. This rich alluvial
bottom land was the first and only area in the Sheep Creek drainage

to be cultivated. It 1s the same area that has the necessary topo-

graphic features for grayling habitat.

Gallatin Valley

The Gallatin Valley, Gellatin County, Montana, including both

the lower Czllatin River and the East Gallatin River with their tribu-—
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taries, was probably at cns time excelleni grayling habitat.

The grayling was reported in the Gallaiin River by Cope, 1872;
Curtis, 1864; Evefmann, 1893; Harris, 1887; Henshall, 1902; Jordan,
1891; Jordan and Bvermann, 1902; and Milner, 1873. Nearly all the
above authors found grayling ceoexisiing with cutthfoat trout and
mountain whitefish. Interviews with seven earliy settlers during the
summer of 1961 provided additional information for the periocd 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 (1693), a few years
later in 1891 while searching for a suitable fish hatchery site on
Pridger Creek, noticsd that Bozeman Creek abounded with the species.
Lpparently these observations were made near the end of grayling
abundance, for on June 30, 1899, Dr. Henshall wrote in the appendix
to his annual report: "The native fish of Bridgexr Creek are cutthroat
trout, whitefish and an occasional [italies mine] grayling." Jordan
and Evermann (1902) =aid that there were few grayling left in the
Gallatin River. Early settlers of the Gallatin Valley agree thati by
approximately 1900 grayling was almost gone from the lower river.

A fish cultural station of the U.3. Commission of Fish and
Pisheriss was constrﬁcted in 1896 at the entrance %o Bzxidger Canyon
four miles east of Bozeman. Under the capable direction of Dr. James
4. Henshall, who arrived early in 1897, this hatchery carried out ihe
first introductions of broock and rainbow troﬁts into the Callaiin
Valley. From hatchery stocking records and letters, the Tollowing

fry planting data werd assembled:




- 103 -

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 2 large rock and a can of 500 fry
jolied into the cresk

1897 Rainbow trout, Mystic lLake--25,000

1897 Rainbow trout, Willew Creek near Poney--10,000

1898  Brock trout, tributary of Rock Cresk--5,000

1829  Brook itrout, near Bozeman

1859 Brown trout, pond near Bozeman

1900  Broock trout, near Bozeman

1900 Rainbow itrout, 3Bridger Creesk

1501 Brock trout, near Bozmeman

1901 Rainbow trout, RBridger Creek

The foregoing introductions of brock and rainbow trouts took
place during the laiter part of the grayling decline (Figure 13).
The decline was abrupt, which, as discussed in the preceding chaptsr,
is not typical of‘a grayling population when subject to competition.
As early as 1911 (Field and Stream, Mar., 1911, p. 1095) the Callatin
River was being adverfised az an sxcellent stream for brook, brown,
and rainbow trout fishing. The fact that introductions of these
trouts were not made until 1697 and then only in the headwater
tributaries of the Bast Gallatin River (Figure 14) raises questions
ag to how influential they were in grayling decline.

There are no records of exotic trouis being planted in the
West Gallatin River before 1902. PFish from a private hatchery or

from the East Gallatin River may have been transported to the main

river before official stocking took place. (William Dilts of Orando,
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Figure 1l4.—-Map of East Gallatin River and lower West
Gallatin River drainages, Gallatin County, Montana. The approx—
ijmate location of the first introductions of exotic irouts are
marked by an X.

Montana, had & hatchery in 1897 from which trout, species unknown,
could be purchased.) These early introductions did well, for in a
ietter 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., 4nd in a lettsr dated Fovember 9 of the same year,

brock trout liberated in Bear Creek and Bear Gulch Creek in 1897 wsre

up to 12 inches by that Bummer. (¥o mention was made in the stocking
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records of this plant. A Bear Creek tributary to Rock Cresk is the
probable location.) The rainbew trout of the same ages in Mystic Lake
was 10 inches, and in Bozeman Creelk, 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 S5tation that zrayling was
first propagated in numbers. Beginning in 1898 eggs were taken from
mature fish in Elk Springs Cresk, and thsn in 1913, from Meadow Creek
on the Madison River. Many of the early plantings up to 1307 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 attempis at artificial propagation.

A complex system of water diversion has greatly alterad the
natural drainage pattern of the lower river. In 1952, 107,261 acres
ware irrigatedywith about two-thirds of the water coming from ihe main
Gallatin River (Figure 15). Hydrographs taken in late summer show a
decrease in flow downstream (Hackett gt 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. Befors the turn of the ceniury nearly all available water had
been appropriated; In fact, on many tributaries z water right dated
after 1880 is of little value since it receives only flood watsrs,

First lands to be cultivated were those that lay favorably along the
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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 valley border.
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rivers and tributaries where smwall creeks and the main river could be
developed easiest for irrigation. One of the larger diversions was
completed in 1691: a l4-foot-wide canal from near the canyon mouth
along the west side of the wvalley. In 1889-1891 a drought damaged
many crops and caused the enlargement of jrrigation systems (Hews11l,
1893). |

Between approximately 1890 and 1300 the grayling population of
the Gallatin Valley took a sharp drop and has nzver 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
increase began that rose abruptly in the late 1880's, culminatsd during
the drought of 1890, then leveled off again after 1905. 4s an indsz
of change in water use, the dates and amounts of water appropriations
of the irrightion ofganizations listed in Water Resources Survey of
Gallatin County (Méﬁt. State Eng. Office, 1953) were tazbulated as to
total water appropriated for each year from 1865 to 1905 (Table 22).
This is not a compleie account of zll water rights of the Gallatin
Basin, but it provides an index of use increass. Figure 13 shows
increase in use of water and, as far as data permit, decline of the
grayling. The two lines have an inverss relationship. The requirements
of grayling were once met in the Gallatin Valley bslow ths canyon mouth.
This was the same area in %hich irrigation became extensive, land was
cleared, stream channsls %éfe changed, and small iributaries were
diverted. ther fishes with less stringent ecological reguirements
than grayling could either survive under the modified conditiéns (as
did the mountain whitefish) or else persist in the neadwaters (as did

the cutthroat trout) upstream from the agriculture gzone.
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TABLE 22,--Partial water appropriations from the Gallatin River drain—
age, Montena Adapied from Water Resources Survey of Gallatin County,
- Montana State Engineer's Office, 1953. Amounts in miner's inches,
(cfs = 40 miner's inches).

P T e R

Accumulative Lecumulative
Year Total total . Year Total © total
1664 200 - 200 1885 60 18,227
1865 1465 1665 | 1886 1600 19,827
1866 4283 5948 ' 1887 1049 20,876
1867 255 6203 | 1888 1050 21,926
1868 1053 7256 J 1889 1785 23,711
1849 200 7456 1890 13,342 37,053
1870 2026 9482 1891 6601 43,654
1871 200 9682 1892 1820 45,474
1872 1125 10,807 1893 1147 46,621
1873 250 11,057 1894 2340 48,961
1874 328 11,385 1895 40 49,001
1875 175 11,560 1896 158 49,159
1876 0 11,560 1897 43 49,202
1877 100 11,660 1898 172 49,374
1878 125 11,785 1899 323 49,697
1879 75 11,860 1500 108 49,805
1880 100 1147960 1501 5000 54,805
1881 355 12,315 1502 79 54,884
1882 2074 14,389 1903 0 54,884
1883 3199 17,588 1904 373 55,257
1884 579 18,167 1905 51 55,308
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The grayling remazined longer in the lower Gallatin Canyon than

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

PABLE 23.-~Comparison of grayling decline in the Gallatin Valley and in
the Gallatin Canyon near Gateway, Montana. (Anthorities without dates
are from personal interviews in 1961)

|

Lower valley Lowsr canyon
Date Observation Authority Date Observation Authority
1887 Abundant Harris, 1887 1908-=9 Abundant Top
1891 Abundant Bvermann, 1893 13910 Occasional Parker
1899 Occasional  Henshall, 1899 1914 Some Allen
1900 Rare Lane 1922 Pew Davis
1902 Very few Jordan and

Bvermann, 1902
1910 Occasional Parker

1913 None Davis

use within the canyon has been and is limited, so habitat probably
changed slowly. &4 limited area of suitable habitat enzbled grayling

to survive loﬁéer than in the intensely cultivated lower valiley.

Madison River

Although the Madison and Gallatin are adjoiﬁing rivers, grayling
decline followed a different pattern., In the Gallatin River decline
was between 1890 and 19003 in the Madison River, Madison County, 1t
was betwsen 1915 and 1935. Tae decline was abrupt in the former, gradual
in the latter.g

Lend and water use has been less severe in the Madison River
drainzge 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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hecomes extensive in the Ennis area. The following data from Montans

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

Madison River Jallatin River
Average floﬁ 1,615 cfs : : 933 cfs
Maximm f£low 7,750 cfs ' 7,870 ofs
Minimam flow 409 cfs 130 efs
| Drainags basin 2,485 sq. nmi, 1,900 sq. mi,
Irrigated lands 7,984 acres 111,345 =zcres

The Madison is a larger river with a more uniform flow, partially
becanse ofltwo mainstream dams, and it has much less irrigated land
than the Gallatin. Thus, habitat change was not és severe. Although
irrigation is limited, it still may have been important to grayling
by occurring on critical low-to-mesdium~gradient deltas and alluvial
plains. Some changes did take place, for Thompson (1925) noted the
changihg water conditions and encouraged the stocking of brown trout
since it was belisved to be suited {0 the poorer waters. Populations
of grayling reméined hizbh for nearly 20 years after cultivation became
widespread. Under extensive habitat changes as cccurred on the Gallatin
River, a sudden population drop is expected, not a slow decline. The
possibility must‘be considered that hatchery planiings of grayling
supplemented the natural population in the Madison River.

What max_happen under greater water use in the Madison Valley
is suggested by the seemingly sudden decline in grayling Jjust prior
+o 1900, Before the two reservoirs were formsd, the large arable area
near Ennis was deficient of water {Newell, 1893). The drought of

1890 to 1893 ssverely strained available water supplies. Afifer
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construction of Eﬁnis Dam and easing of the drought, grayling increased
(Figure 5). The Ennis impoundment became suitable habitat for grayling
to spend the non-spawning part of the year. The lake furthermore
stablized water flows in the arsa and reduced demand on the tributaries
for water.

In the Madison River both at Ennis and in Yellowstone Hational
Park, the grayling and the introduced trouts wers 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 spscies.

In contrast to the Gallatin Valley, where accidental plants of
trouts thrived and rapidly became dominant, the few plantings in the
Madison River drainzgze did not seem to flourish. This suggesis that
the small iniroductions could not successfully compete with established
populations, It tpok the well-established exotic trout populations
of the uppar Madison River to infiltrate slowly the natural population.
This would be the mo#e common occurrence unless, as in the Gallatin

Valley, a habitat change favored the new species.

Centennial Valley

To appreciate habitat changss in the fentennial 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
c

NnecesSsary

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 slopss and valley floor are oper
meadows and sagebrush flats, whereas northern slopes are forested with
spruce and fir. Water courses are commonly bordersd by willows. This
bagin 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 oﬁ the fairly level floor of the valley. Lower
Red Rock Lake 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. 4
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. Zlk
Springs Creek flows through Swan Lake and inte Upper Red Rock Lzke.
411 of the lakes are so densely vegetated that an airboat is required
to travel on them.

Streams on the valley floor meander and are of medium gradient.
Red RSCk Cresl, th; principal inlet of Upper Red Rock Lake, flows
Westerly:thxough both lakes and down the valley for approximately 12
miles below the lower lake into Lima Reservoir. Stream channels have
been glfered'by diversion for irrigation and by beaver dams. Some
smaller sireams are diverted as they reach the valley to flow along
small ridges, thus, meking diversion for irrigation easier., This
practice discourages the formation of well-defined stream 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 Nelseon (1954) to be homethermous

with a maximum temperature of 76" P, during the summer of 1952, Red
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Rock Creek reached a maximum of 65° F. during the same psriod, BElk
Springs and Culvers Springs, tributaries of Elk Springs Creek, have
nearly constani temperaturss of 58" F. and 41° ., respectively
(Banko, 1960).

History. Prior to the arrival of the first seftlers in 1876
to raise cattle, the Centennial Valley had long been used by the
Panncock Indians as a hunting grounds. By 1889 several ranches wers
scattered throughout the valley utilizing the abundant grass (Brower,
1697). At this time, according to Brower, the lakes were waterfowl
hunting grounds, and water was used extensively for irrigation. Lend-
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 muck lgss 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,

1
.

1954). w
Red Rock Lake Migratory Waterfowl Refuge was formed in 1935 4o
benefit the trumpeter swan, The refuge is 40,000 acres in area and
includes the fhree lakes, surrounding marsh, and land. Irrigation and
grazing continues on the refuge. In fact, Graham (1959, p. 4) wrote
that "cattle zs well as swan spparently have priority over grayling,"
In recent years habitat deterioration in the valley has become
worse. Overgrézing is prenounced and water diversion to the extent of
nearly drying up the sireams 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, Eelson (1954) found an average of 0.5 to 2.5 grayling fry
per cubic foot of water in irrigation ditches in late June and sarly

July. These fry are quite helpless 1n water currents.

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

soundings in Lower and Upper Hed Rock Lakes. Depths recorded in ths
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 Welson in 1954. It is nsarly
impossible for the basins to have filled fo this exient, but it must
be recognized that the lakes are rapidly becoming some shallowsr.
About 1900 the Weimores operated & hunting lodge on the south shore
of Upper Red Rock lake and used z paddle wheel boat to carry sportsmen
out on the laske. This is a sharp contrast to 1958 when Nontana State
fishery personnel could not even paddle a rubber 1life raft through
the aquatgc Qlanthbeds to cross the lake.,

Shallow lakes in regions of low precipitation, as those in the
Centennial Valley, ars 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 1935,
the Red Hock Lakes were lowered considerably. In 1930 Lower Red Rock
Lake was almost one-half its usual sisze-~ranchers were mowing hay on
what had oncé been lake bottom and the remaining water was stagnant
(Jzmes, 1930)--39 a smpall dam was construcied at the outlet to raise
the water level. Iven then for a number of years water covered_only

a Traction of the original area. At times between 1933 and 1237 there
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was no flow over the dam (U.S. Geol. Surv., 1959).

In 1839 an attempt was mede to dam Red Rock River at the lower
end of the Centennial Valley. 4 summer flood washed out the dam that
was to store watser for irrigation (Brower, 1897), It was replaced by
Lima Dam that formed a reserveir near this site in 1902; but it was
washed out again in May, 19337 Bepair was completed the next year.

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

o long~-term stream flow records have been taken zbove Lima Dam.
The data from below the dam zre typlcal of other strsams in the region
and show the effect of the 1930 drought on sirezm flow in Centennial
Valley (Table 24).

TABLE 24.——Regulated flow of Red Hock River below Lima Reservoir,

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

{f

Flow Flow Plow
Yzar (cfs)e . Year (cfs) Ysar (cts)
1910 —— 1925 —— 1940 106
1911 — R 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 — 1949 145
1920 —— ' 1932 59.5 1950 149
1921 _— 193 —
1922 —— ] 1937 60.6
1523 — 1938 105
1924 —— 1939 ——
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Organic matter typically builds up quickly in shallow lakss
when rooted aguatic plantis grow over the entire boiiom., Added to the
vegetative deposition in the Red Rock Lakes has been silt from the
inlst sireams, especially from meandering Red Rock Creek. DSome bends
on the ten-~foot-high creek banks are eroded back several feei zach
vear. Refuge personnel straightened‘the channel in 1940 to help reduce
erosion and subseguent £illing of the lake.

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

and the percentage of lake area covered by each:

Upper Red Rock lLake

Species Percentazs
Blodea canadensis Michx. ' 41
Chara spp. L. 22
Bare 12
N Potamogeton foliosus Raf. 5
P. pectinatus L. 4
Miscellaneous - 16

Lower Red Rock lLalke

Species Percentage
Elodea canadengis Michx. 39
Bare - 19
Al gae . - 12
Potamogeton richardsoni (Benn.) Rybad. 9
Sagittaria latifolia Willd. 5
P. pectinatus i., 2

Miscellaneous 14

The bottom of the Red Rock Lakes is a mucky matter composed of

decaying vegetation, other organic material, and mineral soil. Descompo-

sition is slow and the accumulation of organic matter on the botiom is
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greater than the annual deposition from 1life in the lake would indicate
(Banko, 1960).

Results of cghanges. Tkrough the combination of geologic erocsion,

human—accelerated srosion, and water-level response to fluctuation in
precipitation, the habitat afforded by Upper Bed Rock Lzke 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, Hontana (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 burboi was repoxrted
by local settlers to Evermarnn as being common in Red Rock lake.
Lewisnand Clark in 1803 found trout abundant and grayling apparently
scarce, whersas Hvermann in 1891 found zrayling abundant bui no frout
in the same area at‘approximately the same time of the year.

Although there are no early records of non-game fishes in the
Centennial Valley,:it would appear that since all species common to
the upper Missouri-River drainags were found in the upper Beaverhead
River they would also be in the Centennial Valley. In contrast to
this is the almost udanimous opinion of early sstilers in ihe
Centennial Valley that no suckers were present in the Red Rock lLakes
until afier Lima Dam washed out in 1933, The common belief is ihat
a concentration of éﬁbkers below the dam then moved into the lakes,

Tt.is untenable to accept the premise that suckers had not previously
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found their way up ths sasily accessible water courss from the upper
Beaverhead River. But undoubtedly suckers were not as abundant in the
sarly 1900's as after 1940. The chronology suggests that habitat
change may have been a factor. The low waters during the drought

plus the gradual shallowing of the lakes changed the waters from
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.

Iocal residents have mads 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 o0ld residents.

During the exiremely low waters of the mid-1930's, local ranchers
noticed many individuals of the grayling to be stranded and dying by
the hundreds in ﬁed Rock River below the lower lake and in the lakes
themselves; only those spring-fed streams Tlowing into the upper lake
ha@ enough flow to éustain adequately the fiéh. During the dry years
irrigation water was in greater demand; individual dams were made
higher and tighter, further reducing the already limitsd flow.

Elk Springs Creek no longer 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
mist get warm and +the dissolved oxygen content low. This could stop
either the upstream spaﬁning 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 Cresk suggest that, sincs the crsek is appar-
ently adequate grayling hebitat, inaccessibility of the lzke may be
interrupting the 1ife cycle.

The Red Rock Lakes are the only naitural lakes directly acces-

sible to fishes in ths basin of the upper Missouri River. Therefore,
this is the only grayling population within the native range of the
grayling in Montana to have this lake-inhabiting, spawning-migration
life cycle. Populations in other streams probably followed a2 similar
pattern excepit that it was beitween a larger river and a tributary for
spawning or it was within the river from pool ito riffls. Before
intensive land use there were approximately 48 streams flowing into
the Centennial Valley. In 1951 only parts of five sireams ramained
accessible to migrating fishes (Welson, 1954). Irrigation and baaver
dems have been the major factors in this reduction, The loss of spawn-
ing area has unquegtionably been serious. The dividing and subdividing
of channels and reductiocn of already low flows have reduced the quantity
of spawning area. The quality of spawning area has probably also suffered
as land use with its attendant siltation has increased. For example,
turbidity made spawning observations difficult in lower HRed Rock Cresk
in 1952 (Nelson, 1954). - The result of deterioration of stream habitat
has been that grayling must spend more and more time in the lake.
Increass in use of lake environment has aggravated the effects
off the changing lake habitat. Low dissolved oxygen content during the
winter forces grayliné into the few deeﬁer or spring ereas of the upper
laks, Thers it must compete with the hardier suckers for limited space
and oxysen. The suckers thrive in shallow, warmer waters during the

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

to seven months and decomposition of the abundant vegetation, dissolved
oxygen must be a a premium during the winier., The change in Species
composition from trouts to suckers when silt agd temperatures igereage
is not uncommon. On the Tobacco River, Michigén, a marginal tropt
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 compstitor 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 itrout (Rawson and
Elsey, 1950). Removal of rough fishes, including many suckers, from
Russian River, California, increased trout reproduction {Pintler angd
Johnson, 1958).1 Sucker fry were found amongst weeds and in backwaters
of Yellowstone Lake and tributaries (Brown and Grahem, 1954); these
are the-éame areas that fry of the grayling sesk.

The grayling in the Red Rock Lakes is being subjected to the
adverse conditions of its lake environment, of migration rout= obstruc-—
tions, and of deteriorating stream conditions. The brook trout, on
the other hand, rémains a permanent resident in the upper reaches of
streams where neither siltation nor water diversion are as seversy
its reproductioﬁ”is not delayed or stopped by obstructions; and winter-—
time dissclved 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
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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 (Bast, 1930) to extend along a
6-mile section of North Branch Otter River immediafely above Bear
Creek (Figure 16). In this arsa the river meandsrs through limited
bottom land of sandy, bumus soil and this was the best section of the
river for the grayling. Lowe (1926) in 1925 founa grayling 2 miles
further up the west branch of the Otter River than in 1923 but not
up Nerth Branch Otter River above "Hanchettes" Bridge. In 1926 grayling
was 1 1/2 miles further up stream than in 1925. Tt seems that as land
along the North‘ﬁranch was cultivated and the river changed, the
grayling moved doﬁn toward the forks and up the west branch into an
area previously uboccupied by the species. Since 1914 water has been
increasingly diverted from the Norih Branch Otter River for irrigation
(Mich. Dept. Cons., 1935). In 1925 Lowe (acéording to Taylor, 1954)
mentlonsd the radically changed conditions of the Otter River, the
increased silt, fhe increased number of sand beds, fluctuations of

Ilow, and deforested stream banks.

Barriers to Pish Movement

Migratoryhtendencies of grayling seem to vary according to the
available habitat and existing conditions. Ths Michigan grayling was
thought by maﬁy garly obsarvers to be sedentary, with no spawning
migrations (Bebe, 1887; Bissel, 1890; Norris, 1883; Parker, 1888).

Metcall (1961) .mentioned limited Spawning runs in Hersey Creek, Osceola
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from the more extensively cultivated arsas,
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County, and Parker (1888) related the account of many members of the
species being taken during the spawning season at the base of a recently
constructed dam across the same creek, So at least in Hersey Crsek,
there was a seasonal upstream movement. Elsewhere in North America,

the grayling may or may not migrate to a spawning area. FHenshall (1907)
roported, but did not document, iong spawning migrations of nearly a
hundred miles. Limited movements out of lakes into iributaries 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 %o riffle
for spawning (Schumann, 1958). Both Ward (1951) and Wojecik (1955)
found that the fish in Canada and Alaska, respectively, usually moved
up tributaries to spawn. Some individuals, howsver, may remain in

the same siream all year. It is possible that with suitable year-
around habitat, as Horsethief Springs or some of the Michigan stirsams,
grayling did not migrate. In other areas where anchor ice, silting,
limited food or space, high late-sﬁmmer temperatures, and other such
environmental factors may have become eritical, 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 dasms
Zeaver U=ds

Beaver dams in the Centennial Valley, Montana, were thought

by Telson (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 sireams high grayling populations and hizgh 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 were observed by lewis and Clark (Cbues, 1893) as
being extremely abundant throughout the upper Missouri River drainage,
In the Beavefhead Valley hundreds of beaver were seen basking in the
sun, and slapping of tails at night interferred with men's sleap.
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 agenciss started transplantation and cther
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 ths newly established
National Wildlife Refuge prohibited trapping of beaver about this lake
and elsewhere on the Refuge. In 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 Bsaverhead River and
lower sections of Red Rock River, are large enouigh that zpring runoff
washes out many beaver dams each year. But the tributaries in the
upper valley often do not have snough flow but what the dams may

remain in place. Assuming that beaver wers abundant in ths Centennizl

Valley berore extensive trapping, i.e., as found by Lewis and Clark in
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the Beaverhead Vallsy, how could grayling have utilized thsir present
spawning arees? The available rsports of great numbers of grayling
coincide with the period of few beaver. lLewis and CQlark apparently
found no concentrations of grayling as were described later, for their
keen observations and accurate notes would have surely recqrded 50
atriking a featuie. Hensh&ll (1907) has attributed to the grayling
long spawning migrations from the Jefferson River to Elk Springs Creek.
Could the grayling foimerly kave been restricted to larger rivers that
could not be blocked by beaver dams? Could this be one of thes reasons
Lewis and Clark found so few grayling and why Evermann 90 years later
in the same area found no trout and numerous grayling? Was the high
grayling population observed in the Centennial Vallsy from 1870 to
1930 just a ¥ransitory population high during a men—-caused low in

the beaver population?

If indeed the grayling in Michigan was essentially nen~migratory,
it may have been influenced only litile 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 beaver dams,

An illusiration of possible fish access being blocked by beaver
dams was found on the Brule River, a tributary of Lake Superior, in
Wisconsin (0'Donnell, 1944), No mention of trouts in the Brule River
was made by early explorers from 1680 to 1831. Accounts are wriiten
of gathering wild rice, hunting, and trapping, but not of fishing.
Hearly all early journals expressed the difficuliiss of draéging boats

over the many beaver dams. Michel Curot in 1803 and 1804 intensively
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trapped the watershed. PFirst mention of fishes was mads in 1831 by
Schocleraft, In fact, he commented that the river was filled with
thousands of trout. But he made no mention of beaver dams zlthough
he traversed the area by boat. Later, in 1906, the migratory naiure
of the brecok trout in the Brule River was mentioned. Could the brook
trout in lake Sﬁperior 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 gravels 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 4o deduce that high beaver and high
grayling populations would have aﬁ 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 common in Lake Superior streams but uncommon and
restricted in Lake M;chigan and Lake Huron streams of the Lowsr Fenin-
sula. As was discussed breviously, the brock 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. Darly settlers reporied scooping
up boxes of grayling at the base of IEnnis Dam the year after it was
completed. 4pparently, 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" (Mont. 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
(Evermann, 1893). The south fork of Madison River, which enters Hebgen
Reservoir, also supported many grayling (Dwelly, 1892). Grayling Cresk,
which enters the reservoir from the north, was named after its plentiful
inhabitants that covered the creek bottom (Anonymous, 1920). Thers
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., 0'Dell, Jack, Meadow, and Cedar creeks all were reporited 4o
have largs grayling populations and all are tributaries in the BErnis
area. A good dam location for water storage requires a wide, low-
gradient valley. These are the same topographic features that crsate
grayling habitat.

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

as Hebgen, tend to lower downstream water tempsratures, whereazs shallow
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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

Pine 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 ares 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, 19043 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 raiquads were CcOmmor, many
terminated at rivers, and logs were flozted the remainder of the way

to the sawmills.

Time of logsing

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). Thése 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. Rail log transportation followed the same

general chronology as river—carrisd logs. The Michigan Central Railroad
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carrisd 50 million board feet of logs in 1873, the ysar it reached

the ?illage of Grayling. As the railroad extendesd northward and side
roads were constructed, the annual board feet transported rose steadily;
it reached 147 million in 1892 (Hotchkiss, 1898). On the west side of
the Lower Peninsula, the Grand Rapids and Indiana Railroad carried

52 million board feet in 1874, 367 million in 1888, and declinsd ﬁol

95 million ten years later.

Most of the early logs transported by water were cut from the
lower reaches of the watersheds; soon, as varied land ownership became
common, scattersd sections were cut along the water courses,

The middle and upper parts of the Mznistee River basin were not
extensively logged until approximately 1885 (Harris, 1884), 4 16,000~
acre tract of timber at the headwaters of the Manistee River was one
of the last stands of white pine in lower Michigan. Owned by the Ward
interests, this pine was cut between 12901 and 1912 (Leech, 1832),
4s late as 1903 the upper Menistee River flowed through many miles of
uncut pine and hardwoods, This section of undisturbed habitat may have
been a factor in delaying grayling decline in the upper river.

The first extensive logging on the upper Au Sable River was by
L. A, Dwight in 1873, At this time he constructed a series of four
dams on the North Branch creating 30 miles of slack water for log
driving (Hotchkiss, 1898). On the mein river the First timber camp
was 20 miles below the village of Grayling in 1879 (ﬁorthrup, 1880).
Much of the central Au Sable River country (vicinity of Mio) was logged
in 1890 (Frcthingham, 1905). Apparently,_the region immediately below
the village of Grayling was not extensively logged until around 1885.

Decline of grayling prior to the logging of this region was rrobably
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the result of overfishing; neither introduction of trouis nor habitat
changes due to logging had taken place. According to L. Hansen of
Grayiing (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 Norih Branch of the Au Sable
River until below Dam 4, the farthest downstréam logging dam. From
there to the main stream grayling was plentiful. Grayling sccess to
the upper river may have been blocked by the dam, or perhaps the

artificially created slack water was not suitabls environmsnt,

Fire

Fires sterted by lighining or by aborigines were probably =z
common occurrence long before white man entersd the pine foregt of
Michigan. Forest cutting encouraged the growth of underbrush and
léft dead limbs 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 firss
were reported in Michigan; in 1881, one million zceres 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, 1903).
Barly settlers in Cheboygan County described the reriod from 1880 to
1920 as one of constant fires (Kilbumm, 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 brobably had little serious
effect upon streams, Normally, only a limited area of a watershad

would be burned during any one year; restoration of vegetative ground-
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cover is rapid in this region.

Influence upon streams

Decline of grayling and cutting of +imber took place about the
same time (Figures 11 and 12). The specific menner in which logging
Vinfluenqed aguatic habitat needs to be explored. There are two gensral
aspects of logging that could seriously affect streams: forest removal
and log driving.

Forest removal. Under different logging practices and on

different soils, the removal of forest cover could instigate major
changes in stream flow and water quality, Dvapo—~transpiration raduction
from tree removal would not greatly affect strsam flow in this region
for water storage capacity within the root zoné is low in sandy soils.
Cutting practices at ithis time were to rémove only the prims trees so
that many smaller ones and a dense undergrowth usually remainsd
(Spalding, 1899). Upland srosion would be nearly neonexistent because of
the residual ground cover, low relief, and the sandy, porous soil,

In the deforestéd and burned region of the upper Brule River in Wisconsin,
which Flows throughla similar sandy soil, Evans (1945) found almost

no surface runoff,

Because shading is one of the key controls over stream water
temperatures (Greene, 1950), forest removal could have caused higher
stream water temperatures. Stoeckler and Voskuil (;959) reported
that shortening and diverting a gpring chamnel through willows reduced
the outflowing water temperature 10 o 11° . Stream temperature may
decrease as much as 12° P, after meandering through 400 feet of foresi

and brush cover (Creene, 1950), Lack of shade is one of the major
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causes of high temperatures in the Tobacco River, Michigan (Spaulding

2% al., 1961), Incipient high water temperatures could have been
ameliorated in the grayling streams of Michigan by (1) water temperatures
not being near the critical point before logging, (2) cool ground water
(approximately 45° F.) continually feeding the rivers, (3) stream-side
vegetation being secondary 1uﬁber speciss, i.e., cedar and hemlock
instead_of pine.

Generally, however, it seems that forsst removal probably
affected little the stream habitat of grayling in Michigan.

Loz driving. Michigan streams were well suitsd for fleoating
logs. They were swift but not white water; stream channels were well
defined; flows wers constant; and they extended into nearly all of
the major pine region, Most cutting and bauling was done during the
winter over snow and ice roads. logs were then piled in the stream
bed to await spring snow-melt and subseguent higher water flows.

Water fluctuation on these streams was not great, sven during spring
runoff, so temporary dams were ussd to store water and flush logs
dewnstream. Men were stationed at sharp bends and followed the logs
to keep them moving. When the flow would no longer float the logs,
another storagze dam would suddenly be released to provide a flushing
surge of water.

Before logs could bz floated downstream, it was necessary to
clsar obstructions from both the channel and banks, Stumps and downed
logs were removed or burned, brush was cleared, and shallow riffles
were deepened (Hotchkiss, 1898), The debris, which had accumulatsd
over the centuries and which effectively reduced bank erosion and

stabilized the stream bsd az well as provicded fish cover, was removed.




- 134 -

The physical abrasion by logs during the drive was often great
(Mershon, 19186), especially in shallow arsas or in seciions of siream
meanders. As each wave of stored water bassed, logs settled into the
stream bottom until another surge arrived. In Sweden two major harmful
effects of log driving (Malmgren, 1885) were damage to spawning beds
and stream banks., T.3. Army'Engiﬁeers concluded afier a study of
streams used for log drives in the upper Mississippi River-lake Superior
region that stream channels were completely disrupted and unstable.
Channel configurations were changed. The artificial freshets had
gradually widened the river beds and the cross sections becams
shallower (Rector, 1953). The once—stable stream beds now carried
2 heavy bed load of sand that filled holes, covered gravel bars, and
filled the gravel interstices. Although this change came about
gquickly, the sands that became pravalent in the stream bed will
require a long time to restabilisze,

The bed of the Manistee River in 1884 was hard, yellow sand
with occasional small clusters of rocks or organic matter and with
scattered patches of aquatic plants (Harris, 1884).

In 1874'the bottom of the Au Sable River two miles below Grayling
was clean sand and gravel in the center and = strip of dark bumus loam

along either side (Mather, 1874), Banks were lined predominantly by
cedar, birch, alder, and willow. Many stumps, fallen trees, leaves,
and weeds stabilized the stream banks (Mather, 1874; Northrup, 1880).
Roots and litter from centuries of stream—sids vegetation plus the
absence of freshets had stabilized the easily erodible sandy stream
banks; gradusl sorting plus accumunlated organic deposits had mads a

firm, stable stream botiom,
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The repeated flushing by zbnormal flows and gouging by logs
quickly began sroding the unprotected sandy stream banks and the
cleared sirsam bed., The stream had rarely been previously subjected
to flood flows, and the banks and bed were not stabilized to withstand
them., Hallock {1888) noticed that some stream bottoms were now of
soft and yieiding sand and that the sands were continually shifting,

The bottom material in the grayling streams of Michigan was in
delicate balance with the water velocity. Various sizes of stream
bottom particles have a safe water velocity below which erosion will
not occur. For coarse sand the safe veloeity is 1.5 1o 2.0 feet per
second. This velocity is only slightly less than that of many sesctions
of the streanms. Thus, a small change in any of the existing conditions
may completely disrupt the equilibrium. Once sand is loosenad and
becomes water borne, siream bed erosion is accelerated. Moving =and
functions as an abrasive, and when sand bars ars deposited the water
current is deflected against the opposite stream bank, beginning
erosion anew, The same process occurs as stream gradient lessens when
entering a lake, mountain valley, or backwater of a dam.

On the Tobacco River in Michigan, streaﬁbank erosion is the
primary source of 59& load (Spaulding et al., 1961). Erosion is more
severe in the middle reaches than either above or below. This section
combines moderate—current, meandering stream channel, and easily eroded
seil, It is in the middle reaches of many rivers where grayling does
best, but it is also this section that is most subject to ercsion.

The slowness of stream bed stabilization after major disruption
is shown by the Little Manistes River (Wicklund and Dean, 195?). This

river was at one time a productive grayling stream and now supports
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a Tair population of trouts, Water flow is stable, floods are Tare.
Eighty per cent of the drainage is optimum watershed. However, a
high bed load of sand prevails in much of the stream, and shifting
gand is {the dominant bed typs. The source of this sand is thought 1o
be stream~bank erosion., ILack of escape cover and Pools*that resulied
from erosion aré limiting trout production.

It seems reasonable to hypothesize that before its use for
floating logs the stiream bed had stabilized to a great extent. Slow
geologic erosion was, of course, taking place. The present condition
is still the result of stream bed disruption because of log drives.
Scme stream sections are becoming stabilized, but others are still
blanketed by large areas of shifting sand.

Susceptibility of grayling
1o habitat changes

Because of their particular habiis, the grayling was vulnerable
to the influences of log driving, especially when compared with exotic
trouts that thrived under the changed coanditions. Some of the major
habits of grayling that contribute to this vulnerability are discussed
here.

Place and time of spawning. As was discussed previously, ihe

Michigen grayling was apparently quite sedentary, often spending all
its life in one locality (Babbitt, 1900). However, other indications
suggest——on some streams at least——a limited migration. They spawnsd
in the main river and not in the small tributaries as brook trout
(Bissell, 1890; Metcalf, 1961; Norris, 1879; Northrup, 1880).

The Michigan grayling spawned in April and early May (Bowles,

18743 CGreen, 1874; Hallock, 1877; Mather 1875; Milner, 1873; Norris,
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1879); spamming ssemed to be concentrated into a few days (Gresn, 1874;
Horris, 18?9). in northern Saskatchewan the Spawning period iz lezse
than a weak (Rawson, 1950); in Montana ths spawning period is longer,
but the main spawming run is often confined to two or three days
(Brown, 1938b).

Hest construction. Spawning in Montana has besn observed over

sandy bottom (Tyron, 1947) and over 3 parts sand to 1 part gravel
(Brown, 1938b). Grebe Lake inlet has a similar bottom composition.
The section of Red Rock Creek used most for spawning was 33 per cent
rubble, 31 per cent coarse gravel, 29 per ceni fine gravel, and 7
Per cent sand (Nelson, 1954)., In the Otter River, Michigan, spawning
gravels were about one-half the =ize of a pea to the size of a walnut
(Taylor, 1954). Spawning took place over sand-gravel bottom in moving
shallow water in the center of Michigan streams (Green, 18743 Mather,
1874). Green and Mather repo?ted that Michigan grayling dug a redd
(nest) and covered the eggs. Others have concluded, probably correctly,
that grgyling do not construct redds. No redds are formed nor are there
attempts to cover eggs in Montana (Brown, 1938b; Laird, 1928) or in
Saskatchewan (Ward,-1951). Advantage is made of natural dépressions,
or a’slight depression is formed incidental to Pre-spawning behavior,
Fabricius and Gustafson (1955) have reported on some careful
observations of the spawning behavior of EBuropean grayling. Ths female
by sharply bending the candal peduncle and vibrating the tail and body
would push the anzal area into the substrate, often to the extent that
the adipose fin was obscured from view. Egzs were ejected at this
time. Ho attempt was ﬁade to cover the eggs, which rested in a small

depression approximately 2 inches wide and 1 1/4 inches deep. Obser-
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vations of this nature have not been made on American grayling, and the
extent of similarity of behavior is unknewn, Browa (1938b) ohserved
ejected adhesive eggs being carried to the stream bottom by small
sand and silt particles that stick them. This would require the

. presence of small particles on the stream bottom and a feduced current
80 they would not be washed away.

HBgg characteristics. ZEgg production per female grayling is

generally greater than that of competing trouts (compare Kruse, 1959,
with Bounsefell, 195?). Egg =size is smaller, approximaitsly 3.6 to
3.7 mm diameter for water-hardened grayling eggs (Table 25) and 4.5

to 6.5 mm diameter for trout eggs (Rounsefsll, 1957). Grayling ege

diameter is about the same as whitefishes (Norden, 1961). The litera-
ture seems to be contradictory concerning egg adhesivensss (Table 26).
Probably the time of observation accocunts for the differsnce. The
eggs are apparently adhesive immediately after spawning, but the
stickiness is soon lost. The egzs are semi-buoyant (Schofield, 1928)
and relatively lower in specific gravity than trout eggs (Henshall,
1899). They are thus susceptible to injury or displacement by an
unstable siream bhoittom or fluctuztions by water flow.

Spawning by grayling is commonly over a comparatively small
particle substrate in areas of moderate current where = slight water
velocity increases may be sufficient to move bobth bed load and the
semi-buoyant eggs, Thus, once deposited, the eggs can be buried by
shifting bottom and suffocate. Or, they may be exposed and swepi
away by the current.

It is now evident that log driving could have had a marksd

detrimental effect wpon grayling. Log drives and artificial freshetis
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TABLE 25.--~Summary of grayling egg diameter.
Inches have been converted {to mm.

Authority leasurement

Water-hardened

Smitt, 1895 4.0
U.5. Comm, of Pish and

Fisheries, 1900 3.56
Henshall, 1919 3.6
Davis, 1953 3.8
Watling and Brown, 1§55 3,76
Ward, 1951 3.53~3.78
Kruse, 1959 3.74-3.85

Not water-hardened

Smitt, 1895 2.25-2.50
Rawson, 1951 2.54
Watling and Brown, 1955 2.40
Worden, 1961 2.5

were concentratedifrom April to June, the same reriod in which spawning
ocecurred and fry hatched. Spawning was usually in the swift, shallow
part of the stream where logs or flushing would tend to dislodge the
eggs. Lven if grayling had survived tha initial period of log driving,
ths unstable stream bed was boor spawning substrzts.

The introduced brook trout is a fall spawner and also fregquently
utiiizes smwall tributaries and 8pring areas., There are indications
that the spring-spawning rainbow trout did not do as well as brook
trout when first introduced. The eggs of spring-spawning fish woulgd

be in the gravel during times of the moderate, natural spring fresheits.
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TABLE 26,--Adhesiveness of grayling eggzs.

i R P e . et

i —rr
——

=

futhority Leoceation Statement
Henshall, 1898b kichigan Nonadhesive before fertili-
gation; adhesive after
- Tertilization
Henshall, 1899 Montana Honadkesive
Brown, 1938a Montana Adhesive
Rawsen, 1950 Saskatchewan Honadhesive
Davis, 1953 lontana Ldhesive
Wojeik, 1955 Alaska Honadhesive; adhesive when
avsorbing water
Fabricius and Adhesive immediately after
Gustafson, 1955 Sweden spawning but soon loszt
adhesiveness
Kruse, 1959 biontana Adhesive; nonadhesive after

water hardened

Baker (pers. comm,) Montana Adhesive

If the sandy bottom were likely to shift, it would do so during this
time.

Fry developmeni. The grayling fry has a long postlarval stage.

Its small yolk sack is guiclkly absorbed ard it must turn to ingesting

food very soon (Brown and Buck, 1939), a characteristic similar to

whitefishes. Therefore grayling fry must find quickly the proper food
and a habitai niche., The fry is bandicapped by being a fragile
organism during this critical period and is unable to withstand or
swim against much current. Grayling fry in Red Rock Cresek, ¥ontans,
was relatively helpless in water currents for +two to three weeks after
hatching; many young of the species were carried dovmatream; others

stayed in back waters and protected areas (Nelson, 1954). Average
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stream velocity was lsss than 1.8 feet per second. Harper (1948)
noticed that small grayling fry in the Keswatin streams of Canads
remained along the edge among rocks and vegetation in order to avoid

the ocurrent. In hatchery troughs it is necessary to restrict water

Tlow so newly hatched fry will not be washed againsf the tail sersens
(peré. comn., Harry Baker, Jr, and Hans Peterson)., As early as three
days after haiching, the grayling swims up and distributes itself
throughout the water. It moves up from the substrate and must begin
seeking food before it can maneuver in a curresnt.,

Clearing of rivers for log drives removes essential fish covsr.
Male grayling establish territories (Kruse, 1959) that are often
borderad by debris in the siream. Pabricius and Gusiafson (1955) felt
that this was an import?nt factor limiting Buropean grayling in cleared
Swedish rivers. Proteéted areas for fry are also greatly reduced;
few eddies and backwaters remain., Vegetation along the shoreline is
eliminated.

it sgems doubtful that changes in food supply were imporiant,
Exotic trouts, whose diet is similar 4o grayling, flourished, The
European grayling did well on the changed food supply of sireams

cleared for logging (Miller, 1954).

Absence of yearling grayling

The reproductive phase of a life cycle is nearly alﬁays the
time during which a species is most vulnerable to adverse environmental
conditions. This seemed to have besn true of grayling. The few
small fish $aken during the latter years of grayling dscline on the

Tespecilve rivers were mentioned in many reports: Anonymous (1884a
J
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on the Au Sable, Hallock (1875) on the Boyne, Hallock (1888) on the
little Wanistes, G, H. H. (1687) on the Au Sable, Eubbard (1300) and
Mershon {1921) on the Au Sable and the Manistes, and Norman (1887) on

the Boyne in 1875 to 1876,

Discussion

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

- In mountainous regions farm lands cccupied the areas where
the best grayling hgbitat was found., I¥ irrigation were necessary,
2s in the upper Missouri River basin, there was direct competition
for water.

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

The 5-to0 15—-foot-wide creek meanders across a flat valley floor.
Throughout its course a 3~to 8-foot—desep stream channsl has groded in
the valley alluvial deposits., Water velocity is less.than 2 feet per
second as smooth-water riffles comprise approxzimaiely 40 per cent of
the area. Aquatic planis are abundant in the 5 to 9 inches pf water.,

Bottom deposits ars silt, sand, and organic matter. Average maximum
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water temperature was 60° F. in 1951; maximum was 63° P. Ths stréam
remains ice free because of its springs origin, Under primeval condi-—
tlons this was a cool, even-flowing, low-gradient, gandy, ice—free
stream in which grayling would be expscted to thrive. It now supports
a2 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 eroding of the streem banks and scouring of the stream
bottom.

The loss of small tributaries like Trout Creek was critical
for the Montasna grayling. Heaton (1960) conciuded that loss of tributary
habitat because of i£figaﬁion was limiting fish production in the Big
Hele Hiﬁer drainage, Big Hole County, liontana. -The rapid decline of
grayling in the Gallatin Valley is an example of how vulnerable grayling
were with this link absent. Sheeb 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 ceccur-—
rences tend to aggravate existing critical relationships, g.2., suitable
spawning and nursery area in the Gallatin Valley and competition with
suckers in the Centemnnial Valley.

In Michigan because of the nature of the topography and scils,
floating logs down the rivers.seems to have played the major role in

habitat deterioration. Forest removal and firs were of limited
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importance. Disrupting ths stream—bed stability causegd heavy egs
and fry mortality., This was probably the same life history stage that
wasz most affected in many Montana streams by the drying Up and changes
in smell 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: wuniform flow and sandy bottom. The stream bed was nat

stabilized sufficiently to withstand periodic artifiecial floods and

ebrasion from logs.



GENERAL DISCUSSION AND CONCLUSIONS

Matthiessen (1959) concluded that the great majority of animal
species in danger of extinction had two characteristics in common:
(1) they had a localized distribution before white man came, and
(2) they were unadaptable to change. The latter may be directly
related to the former. The southern grayling had both characteristics.
Men-ceused changes are so rapid that gpecies do not have time to
adjust génetically; adaptation must be within the existing genetic
framewerk., If a wide genetic base is zbsent, the species can be
gxpecied to dis—off ovér mich of its range. Species that have been
isolated as small populations in areas of uniform environment lack
genetic diversity (Figure 18). Disjunct relict populations reguire
a more specific habiﬁ@t than populations in the center of the species
rangs. The disjunct population may therefore have a more restricted
habitat than other ecologically associated species.

Invaders can easily get a foothold in disturbed habitats
because forces aciing against grayling may be enhancing the position
of a competitor. Climatic change, habitat change, and fishing pressurs
are not only negative for grayling but, alsc positive for a competitor,

It is essential to consider the stringent ecological requirsments
of grayling in regard fto its decline. The grayling has to compete with
those spscies that ocoupy headwater and lowland sections of the streanm

(Pigure 19). Species that can live and regproduce undsr a wide variety
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Figure 19.——A diagram showing that the nrarrow habitat
range of grayling is nearly as optimum for headwater and lowland

species as it is for grayling.

of water and substrate conditions usually persist the longest under

changing environments (langlois, 1941). Grayling competitors with a

wider ecological folerance hold the advantage. Therefore, because of

climatic and habitat change, the grayling has lost its physiéal niche

in most strsame., Migration is precluded from a disjunét segment of

the range, znd habitat change is too rapid for genetic adaptation.
Topographic and stream characteristics that are necessary to

form grayling habitat have features that alsc tend to make ths habitat

unstable. Recently deposited alluvial soils on deltas and valley floors

are susceptible to ereosion; stream meanders greatly increase bank

srosion; large trees with well developed root systems are frequently

absent from the strsam bank; and relationship between siream—bed particle

size end waiter current is delicats. In addiiion, man's demand is eat
s _ gr

upon thess same local areas for agriculture, cities, dam sites, highways,
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or other cultural uses.

Although climatic conditions have been approaching a threshold,
it seems that man-caused facitors have become critical beTore water
temperature or drought. In aria southwestern Awmerica, Miller (1961)
concluded that man's direct or indirsct disfurb#nce éf the environment
has been the major factor in the depletion of fishes, not cyclic
climatic changes.

Of the four possible major causes of grayling decline discussed
in this study, three are due to man's activities and only one,.climatic
deteripration, would occur if man were not present. We can hardly
consider man as an urnatural -phencnemon, but it was his artificial
actions (exploitation, introduction of exotics, and habitat change)
that brought about the immediate range adjustment of grayling. Thus,
although the stage was set by elimatic change and the consequent
disjunct populations, it was directly or indirectly man who rlayed
& major role in the declines of grayling in Michigan and Montana.

During the eraspf log driving in Michigan and diverting of
small-tributaries in Montana, few people realized that their activities
were exterminating z resource. At the present there is little excuse
for unawareness of the ramifications of land- and water-use practices.
Hevertheless, at times the public has a poor opportunity fo evaluate
intelligently the alternative or the compatible uses., Certainly as
a rule the presence or ahbsence of a comparaiively minor fish species
will not deter the developmsnt of a large irrigation project or the
logging of vast stands of timber. However, whgrs feésible, substitute
habitat should be provided for the deprived species either by stream

habitat improvement or by transplanting the fish 4o an alternative
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river or lake that contains adequate habitat. PFor example, the latier
can be applied in Mentana where high aititude lakes are suitable grayling
habitat and conflict with other use is at a minimum. Equally important
iz the encouragement of a species that is tolerant of new environmenits
instead of attempting to maintain artificiaily a‘nonmadépted species.

An inviolate river classifidation could be an essential fool of
the regional and resource-use planner. Under such z system rivers
would not need to remain in & primitive stafe but an environment would
need to be maintained that supports a speciffic level of aquatiq life,
Land—-use and watershed projects do not always enhance stream véiues
(4lexander, 1960), and ungusestionably they change the patterﬁ of stream
use, Therefore; what is deemed by man as desirable for the land is
not necessarily best for rivers and their inhabitants.

It does not seem advisable to make a large-scale atiempt at
extending the range of grayling through artificial propagation. Proper
habitat is not available, and the grayling is not a desirable enough
game fish to warrant high expenditures. The sase with which grayling
is captured probably limits its survival in any waters that are
subject to evenrﬁoderate fishing pressure. This same trait may make
grayling useful for put-and-take stocking where an immediate high
return is the goal.

The poéition of grayling as a sport fish is maintained by its
scarcity. The state of Montana may bs taking the proper approach by
ménaging a few widely scat%ered alpine lakes solely for grayling. It
is not intendsd that everyone catch a limit of grayling whenever they
wish, but it is intended for grayling tc be availabls for the few

discriminate anglers who wish to hike inte a wilderness lake in order
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to catch a comparatively rare fish.

There certainly must be other areas of suitable grayling habitat
in the Rocky Mountains, Sierra~Cascade Mountain complex, and possibly
the upper Great Lakes region and the New England States. BSmall barren
or rehabilitated cool-water lakes with the proper small inlet sireams
for épawning are potential grayling habitat. Competitors should be
absent; land use, restriqted; and angling, curtailed. After these
reguirements are met, careful attention should be given to the sub-
strate and waier velocity of the inlet stream and to the lake littoral
zone. The concept of what constitutes optimum irout water should not
be applied %o grayling.

Since grayling cannot provide as much sport for anglers as
other fishes, its value and populariiy lie in its scarcity. It would
be-inadvisable t0 introduce the Buropean grayling or evenr the arctic
grayling, The presénce of either of thesz genetic stocks would dastroy
the uniguensss of the southern populations.

The southern grayling is not in immediats danger of extinciion.
By careful management and discreet addition of more populations,
thiz fish will exist for a long time. From its sxample we can expect
the southern border of distribuiion of other fishes to shift northward
under the pressures of climatic change and land uss as aquatic habltats
are bzcoming lsss favorable for scome species and more favorable for
others. The more intense the land and water use the faster and farther

will be the range adjustment.
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