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Dr. Robert J. Behnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado 80521

Dear Dr. Behnke:

I am sorry I did not get to speak to you at the desert fishes
meetings in Death Valley but I had to collect some fish in the eastern
Sierra and get right back to Los Angeles.

Your comment on the 'desert adapted' trowt living at 83°F really
interested me and I wanted to get some further information on it. I
have been studying thermal tolerance in golden trout from the Cotton-
wood Creek and South Fork of the Kern drainages. We have found that
their upper lethal temperature when acclimated at 12°C is about 29.7° °
(=84°F) which is equivalent to the thermal tolerance of frown trout. ~°
Under warmer acclimation conditions, and cycling thermoperiod, I would
expect it to be considerably higher. We have also measured diel tempera-
ture cycles in the South Fork of the Kern at several localities and
daily temperatures in the 80's are quite common.

Zie

We are preparing our paper for publication and would like to know
if you have published your observations of the trout (I assume they
are S. clarkii henshawi) at 83°F, as we would like to site your obser-
vation in our paper. If not, could we have your permission to site
your observation as a personal communication?

I feel the high temperature tolerance of the golden trout is of
considerable interest since it may indicate further similarity to the
Gila and Henshawi subspecies that you have previously determined.

Yours sincerely,
0 bt Hldmuk

C. Robert Feldmeth
Assistant Professor
of Biology
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Memorandum

Bob Behnke, Colorado Cooperative s October 201972
Fishery Unit, Ft. Collins

Bob Kramer, Utah Cooperative Fishery Unit,
Logan

SUBJECT: Hot trout - your 10/12 memo

As you have stated in your memo, it's a bit difficult to draw conclusions
regarding the uniqueness of the redbanded trout genotype. The ability

to tolerate the 83 F temperatures at which you caught them could be
related to acclimation to daily temperature fluctuations to which they
were subjected. Perhaps the night temperatures are in the 60 F range

and the day temperatures reach 80+ for only a short time. I'm not able
to put my finger on any published data which would apply to this

question of temperature tolerance, however,

I do have one good bit of evidence, however, which supports your hypo-
thesis that scope-for-activity is genetically controlled within species.
This is from Dickson's thesis (2 figures enclosed) and also given in
our paper in the JFRBC (enclosed). At 25 C, the DeSmet rainbows had
significantly higher active metabolic rates and scope-for-activity

than did the domestic trout (both groups reared in a hatchery from

eggs taken from respective stocks). Since rearing conditions were
nearly the same, the differences observed in metabolism were attributed
to genetic differences. The Wild fish were subjected to seasonal low
and high temperatures for generations whereas the domestic fish were
held in relatively homothermal conditions and continuously selected for
growth and survival under those conditions.

In order to draw any meaningful conclusions regarding scope-for-activity
of the Chino Creek trout we should get them as eggs or at a very young
state and raise them under identical conditions with other cutthroat

trout and rainbow trout at various constant temperatures. Periodic
scope-for-activity measurements then made over a 12-month period should
give us the information you seek. We could also determine upper incipient
lethal temperatures in the lab.

The Unit is well-equipped to do this shoulqv;he Division of Fishery
Research give the work high priority.

I have supplied Mr. Leavitt with the necessary materials for preserving
trout from the Sevier River drainage and given him some words of
encouragement per your letter of September 14.

Thanks for the papers and the rare and endangered species materials.

Keep up the good work. é£;;1£i/

Enclosures (3) R. H. Kramer

RHK:gm
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Dr. Robert J. Behnke, Assistant Unit Leader
Colorado Cuoperative Unit

Colorado State University

Fort Collins, Colorado 80521

? Welcome!
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Dr. Bob Behnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado 80521

Dear Bob:

In looking through Jr. Fish. Res. Bd. Can., Vol. 29, I finally
realized what an excellent work you did in your paper on
salmonid systematics in recently-glaciated lakes.

It was really a major paper.

Best regards,

@ g

Donald W. Chapman
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6250
23 June 1972

Dr. Robert Behnke

Assistant Unit Leader

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado 80521

Dear Dr. Behnke:

I enjoyed meeting you and discussing the potential role

of fish for mosquito control in Colorado. As you suggested,
I have forwarded information concerning our studies with
Gambusia to the Public Health Department in Colorado
Springs.

Regarding the possibility of investigating the two native
Fundulus fish species as mosquito predators (for a Ph. D.
problem), Dr. Fronk of the Zoology and Entomology Department
suggested that a laboratory problem would probably be a

safer choice in view of the two year limitation. This is,
therefore, the course that I shall pursue should I matriculate
at CSU next year. I will, however, continue to keep in con-
tact with the public health people who are conducting the
work with mosquito fish in Colorado.

Thank you again for your time.
Sincerely,

ol bl

L. Lance Sholdt
LT MSC USN
HEAD, ENTOMOLOGY DEPARTMENT
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February 28, 1972

Dr. Robert J. Behnke
Colo. Coop. Fishery Unit
Colo. State University
FPt.iGollins i €GO 80521

Dear Dr. Behnke:

We are pleased to send you the American Fisheries Society Citation
awarded to the faculty adviser of the student member who delivered
the best paper at our 10lst Annual Meeting. The citation to the
student was awarded to Carl B. Schreck for his paper entitled '"Sex
Steroid Levels in Rainbow Trout with Respect to Gonad Development,
Stress Castration and Variability." He, in turn, proposed your
name to receive the above mentioned citation.

Sincerely yours,
/ / -~

/,7: /(/) W0

/

Henry/Clepper
Acting Executive Secretary

HC/ twb
Enclosure

cc: . ARSI Officers
George Fleener
Richard H. Stroud
Robert M. Jenkins




REPLY TO:

SUBJECT:

UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Lolo National Forest

2801 Russell Street
Missoula, Montana 59801

2610 Cooperative Relations September 1, 1972
Westslope Cutthroat Trout Samples

Mr. Robert J. Behnke

Assistant Leader

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado

You will soon be receiving samples of westslope cutthroat trout
from eighteen various streams and two lakes located in western
Montans. The fish are each wrapped in formalin-soaked toweling
and placed in a plastic bag. Each plastic bag contains fish from
a single stream or lake. Inside each plastic bag is a slip of
paper giving the name of the creek, the creek's location (section,
range, township), the date of collection, the water temperature,
the type of canopy located directly above the stream, and the
substrate type of the stream. The information is listed in this
order on the individual slips of paper.

Slides of what we feel to be representative fish of each stream will
be sent at a later date. FEnclosed are maps which will give you a
general idea of the location of collection. The location of roads
on these maps inaccurate and outdated, but the location of the
streams is fairly good.

In our opinion, only the fish collected from Lower Elliot Lake

are pure native westslope cutthroat. We make this statement prior

to having made any tests on the serum so it is only an opinion.

We think most of the other fish are rainbow-westslope cutthroat hybrids.




Also, some streams such as Deer Creek, Little Stony Creek, Big Rock
Creek, and almost certainly Overwhich Creek possibly have westslope-
Yellowstone cutthroat hybrids present. Again, these are only my
personal opinions, and nothing mare.

If there is any additional information I could supply you with,
please feel free to write me at any time.

Ay e ;
xQé&{A«J;ééf%“%VQMK'

GORDON HAUGEN
Fisheries Biologist

Enclosure




UNITED STATES DEPARTMENT OF AGRICULTURE
FEOREST.SERVICE
FederEf ﬁﬁ Tgl

Missoula, Montana 59601

REPLY TO: 26 30

Habitat August L, 1972

SUBJECT:  cutthroat trout-- Montana Department of Fish and

Game. Rare and Endangered Species Collection

Dr. Robert J. Behnke

Colorado Cooperative Fishery Unit

U.S5. Bureau of Sport Fisheries and Wildlife
Colorado State University

Fort Collins, Colorado 80521

Dear Dre Behnke:

Being sent under seperate cover are 15 cutthroat trout to be
analyzed under subject collection for pure strain. All of the
cutthroat were collected from Little Goose Lake, Park County,
Montana, elevation 9800 feet, on the Gardiner Ranger District,
Gallatin National Forest.

We would appreciate receiving a copy of your report on these
fish when your analysis is completed.

Slncerely Yours

(\ )rw:C/Z é/ K{/ Z%/

Donald A, Duff
Fisheries Biologist
Division of Range and Wildlife




UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Flathead National Forest
Kalispell, Montana 59901

2600
April 25, 1972

.
Mr. Robert Behnke

Assistant Unit Leader
Colorado Cooperative Fishery Unit
Colorado State University

Fort Colling, Colorado €0521
i

Dear Mr. Behnke:

The Middle Fork of the Salmon River in Idaho has a pure native
population of cutthroat trout and a well known steelhead population.
The Middle Fork cutthroat looks wvery much like the cutthroat from
Flathead Lake. Don Corley, Salmon,Fishery Biologist for Idaho Fish
and Game could give you first hand information on this.

There are several small tributaries to the Portneuf River in eastern
Idaho that have. cutthroat populations which appear distinct from the
Yellowstone cutthroat and Snake River cutthroat.

The head of the ILittle Malad River, in the Great Basin Drainage,

Oneida County had some native cutthroat when Danniels Dam was built.
Since then, Yellowstone cutthroat have been planted in the drainage.
There still may be some of the unadultrated native stock in the head-
waters above beaver dams. Rainbow may have been stocked in these

waters some time ago, but I doubt they would have reached the headwaters.

Cherry Creek in Bannock County may have a native cutthroat population
remaining. FEastern brook were planted in the area at one time.

Mill Creek on the Fort Hall Indian Reservation has a cutthroat popula-
tion that co-exists with eastern brook. The fish in Mill Creek should

be a pure native strain, unless the Indians stocked it recently. Sev-
eral streams in the Idaho Primitive area have both cutthroat and
steelhead. Big Creek has an excellent cutthroat population (the last time
I was there) as well as steelhead.

Pebble Creek, a tdbutary to the Portneuf River, has an excellent cutthroat
population in the headwaters. Rainbow catchables are stocked annually,
but the cutthroat maintain themselves very well in the headwaters above
beaver dams.

6200-11 (1/69)




Jacknife Creek and Tincup Creeks, tributaries to Salt River in
Wyoming have good Snake River cutthroat populations. They have been
stocked with Yellowstone cutthroat and rainbow; but Snake River cut-
throat dominate.

The Blackfoot River, above the Blackfoot Reservoir, in eastern Idaho
has present both rainbow and Yellowstone cutthroat. There is some
hybridation, but the upper Blackfoot is still all cutthroat and the
lower river a mixture. The cutthroat in the Blackfoot River held
their own while the rainbow population declined because of competition
from a spawning run of suckers that followed the rainbow and utilized
the same areas to spawn. Rainbow and cutthroats hybrids are common in
the reservoir. Hybrids weighing 10-23 1bs. are taken regularly. So
much for your questions on Idaho cutthroat.

I will be able to send some more cutthroat from Flathead Forest streams
this summer. How many fish do you need from a given stream? It may be
possible to collect a few the latter part of May, depending on the
Spring runo e

I have located three populations of cutthroat that exist above barriers
in the South Fork Flathead River. It will be mid-July before they can be
sampled, but it will be interesting to see what is there.

T like your proposal to develop relevant information on the status of
the indigenous cutthroat trout of Montana. This information is needed
by the Forest Service so they can do the land management job required.
It may be well to discuss this with the regional wildlife people in
Missoula. I believe they will have some endangered species fund for
DAL

Sincerely. yours,

@‘I g }: ‘;{
i /4 / V ' i
(Lt & Coves-

OSBORNE E. CASEY “//
Fishery Biologist
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2600
March 10, 1972

&

Robert Behnke
Colorado Cooperative Fishery Unit

Colorado State University
Fort Collins, ‘Golorade 80521

Dear Mr. Behnke:

The upper Dean Creek drainage is limited to this one species of
trout. There may be Dolly Varden in the lower one mile near the
Spotted Bear River, but I have not seen them. No rainbow were
found in the Spotted Bear drainage last summer.

Enclosed are three slides of Dean Creek cutthroat for your files.
The large group of fish are the ones I sent you. The individual
fish picutures were taken in early September.

I find the Dean Creek fish very interesting because of where they
spend the winter. They do not appear to move downstream even
slightly before the winter freeze-up. In eastern Idaho I found the
Snake River cutthroat moved out of streams the size of Dean Creek
before they froze over. The cutthroat on the Middle Fork of the
Salmon River in TIdaho exhibited a downstream movement in the fall,
also.

If the Dean Creek cutthroat are the pure "westslope'" stock they
may be useful for stocking above natural barriers where there are
presently no fish. At least we will know where a non-migratory
population exists if a need arises.

If you are interested in some more fish from isolated populations
in the Bob Marshall Wilderness, let me know and I'll see what we
can collect next summer.

Sincerely yours,

/ ) ‘/ )

( _4%( M/Z//
OSBORNE CASEY ‘
Fishery Biologist

Enclosure

6200-11 (1/69)




UNITED STATES DEPARTMENT OF AGRICULTURE

FOREST SERVICE
Flathead National Forest

Kalispell, Montana 59901

2600
Marechi2!

Dr. Robert Behnke

Colorado Cooperative Fishery Unit
Colorado State University
FortColling, Colmrado 80521

Dear Dr. Behnke:

Enclosed is a sample of westslope cutthroat trout from the South
Fork of the Flthead River drainage, R. 26 N., R. 13 W., Section
34, Montana Meridian. The fish are for your reference collection
of native species of the Rocky Mountain Region.

All fish were collected from a i mile section of stream near the
head of Dean Creek, Flathead County, Montana, caught by hook and
line by Osborne Gasey, October 22, 1971. Dean Creek flowed approx-
imately 2.5 cfs at this time. Water temperature 34°F; elevation
FIKEI0) hiferenin

The stream had started to freeze over and about half of it was
ice covered. The fish were in schools in every pool. Fifty to
sixty fish of all sizes were in each pool. They were prepared
to spend the winter in the headwater of Dean Creek. I always
thought the cutthroat moved downstream in the fall to winter in
deeper pools. Evidently this is not always the case.

T would like to know if these fish are the westslope cutthroat.
They do not appear to migrate and may be useful for stocking
above impassable barriers.

T also have several color slides of Dean Creek fish if they would
be helpful

An information you can give me about species, etc., would be
helpful.

Thank you.

OSBORNE CASEY
Fishery Biologist

6200-11 (1/69)




Helena, Montana 59601
January 11, 1972 ngid
Ve

A1

Al

Vo e,
/1(“"'% /V W

A :

AA

Dr. Robert Behnke o Tﬁf\ uff
Assistant Unit Leader i

Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

<

Dear Bob:

Things have settled down after the Holiday Season so I'll have a
chance to answer the letter you wrote me before Christmas.

You asked what the chances are that our Hungry Horse stock has been
contaminated with rainbow trout and hatchery cutthroat. The South Fork
Flathead River Drainage above Hungry Horse Dam has long been considered an
area that should be managed for indigenous cutthroat and Dolly Varden.
However, in the early years of fish culture, people with pack strings were
given fish and permitted to plant them anywhere they chose. I have indicated
on the enclosed map areas where we have found exotic trout through our lake
and stream surveys. Happily, the vast majority of the watersstill have only
native fishes. The Hungry Horse Creek fish trap is also marked on the map.

I asked Joe Huston, project leader on Hungry Horse Reservoir, how many
rainbow, Yellowstone cutthroat, and rainbow X cutthroat hybrids he has taken
in his Hungry Horse Creek trap (trapping started in 1963) and in his gill
netting in Hungry Horse Reservoir (started in 1960). He advised that in
the trap he has caught only one fish definitely identified as a rainbow
trout. This was five to six years ago. Also in the trap he has taken about
two Yellowstone cutthroat for each 1,000 westslope cutthroat trapped. All
the Yellowstone cutthroat taken and the one rainbow were killed but Joe is
not sure this had any effect. In extensive gill netting on the reservoir,
he has taken about one rainbow and one Yellowstone cutthroat for each 2,000
westslope cutthroat netted. He has had two or three that he suspected were
rainbow x cutthroat hybrids. The rainbow, Yellowstone cutthroat and rainbow
x cutthroat hybrids he has taken in the reservoir were predominantly near the
upper end. When fish were selected for spawn taking for the westslope brood
stock at Arlee, great care was taken to select only trout that appeared to
be pure westslope cutthroat.

It might be concluded that the Hungry Horse trap was not an ideal source
of spawn for our hatchery brood stock. However, as indicated in the cutthroat
notes I mailed you earlier, our previous efforts to build a westslope brood
stock all ended in failure. Then too, the Hungry Horse fish run from a reser-
voir into a stream to spawn. We feel this should be ideal for our needs,
since most of our plants will be lake plants. Genetically we are confident
that the fish from the Hungry Horse trap are as pure a pure-strain westslope
cutthroat as it is practical for us to get. I hope your analysis doesn't
"shoot us down."




Dr. Robert Behnke
Januwary 11, 1972
Page 2

You commented also on the White River stock. Actually we don't intend
to do much with these fish except leave them in the lake where they've been
planted. The eggs from which they originated were one of those dabs that
were picked up and brought into a hatchery. They were taken above Needle
Falls on White River and, as indicated on the map, it is speculated that
they may be descendents of fish planted here many years ago.

I have asked Delano Hanzel to send you a copy of his thesis. You have
probably already received it. I believe there is very little difference
between it and the paper that appeared in the Proceedings of the Montana
Academy of Sciences. He advised me that the specimens he used are either
at Montana State University or with him at Kalispell.

We have a meeting of our Fisheries Division later this month. At that
time, we will start lining up collections to be made for you during the coming

field season. I will advise the men of the collections you would like to
have as set forth in your letter and will keep you informed of the sugges-
tions they have as to specific collection sites.

Sincerely,

e :
,,jﬁse/%%

GEORGE D. HOLTON
CHIEF FISHERIES BIOLOGIST




UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

Januany. L2197 2

Mr. George Holton
Montana Department of Fish and Game
Helena, Montana 59601

Dear George:

All of the Montana specimens have been examined and I'll pass on my
opinions and a copy of the taxonomic data. ;

You should be heartened to learn that the new stock of west slope cut-
throat from the Arlee Hatchery look like pure or virtually pure cut-
throat trout. The new sample from Silver Creek allows for a more
confident decision on this population. I believe that these also
essentially are pure cutthroat trout - sufficiently pure at least to
warrant special attention to protect them.

I can briefly outline the. procedure I usé to pass judgement on the
relative purity of samples of specimens of cutthroat trout to detect
effects of possible influence from rainbow trout or mixing of dif-
ferent cutthroat stocks. Basically, I evaluate the genotype from a
critical examination of the phenotype. The data is then compared with
values obtained from thousands of specimens from over the natural range
of western North American Salmo. In situations such as the Montana
west slope cutthroat and Silver Creek (upper Missouri basin), I do not
have sufficient data to know what are the typicale characteristics and
the range of variability in the native trout of the area so all I can
authoritatively conclude is that they have no evident rainbow trout
influence and that they are not Yellowstone Lake cutthroat (the most
widely introduced stock). The enclosed data sheet points out some

of the key characters I use to detect rainbow trout and Yellowstone
Lake cutthroat trout influence. You may note, as I related to you
previously, the west slope cutthroat and the upper Missouri cutthroat
(Silver Creek) are closer to each other than they are to Yellowstone
Lake cutthroat, which probably shares a closer relationship to the
large spotted cutthroat trout of the upper Snake River and the Bonne-
ville basin,




Mr. George Holton
January 12, 1972
Page 2

You may also note that your hatchery brood stock derived from Yellow-
stone Lake is significantly different in the number of scales, gillrakers
and pyloric caeca from the McBride Lake stock. Since both were raised

at the Big Timber Hatchery (assumed to be under identical environments)
these differences are real, The higher number of caeca and the lower
number of gillrakers may be the result of rainbow introductions in McBride
Lake. However, the high scale counts, low vertebral number and 100%
occurrence of basibranchial teeth in 15 specimens argues against rainbow
trout influence in the genotype. I suspect that McBride Lake contained
an indigenous population of cutthroat trout or that the first intro-
ductions were from the Slough Creek drainage and not from Yellowstone
Lake. I will send a copy of this letter to Jack Dean at Yellowstone

and request that he send me any information he can find on trout in
McBride :Lake,

I have comprehensive data on the Yellowstone Lake cutthroat genotype
under different environments, including hatchery rearing (such as the
Big Timber stock) and a population under extreme conditions in a small
lake in the Snowy Range, Wyoming, which is probably only ice free for

90 days a year and the trout specimens I have are at least 8-10 years
old (and average less than 300 mm). Comparison of data from such samples
representing basically a single genotype exposed to different environ-
ments allows an evaluation of direct envirommental modification of the
phenotype. Some characters such as the number of scales, fin rays and
branchiostegal rays are quite susceptible to environmental modification.
Gillrakers, basibranchial teeth, vertebrae and pyloric caeca typically
are much less influenced. There is a difference in the caecal counts
between your Yellowstone Lake stock at Big Timber Hatchery and the

trout of Yellowstone Lake which suggests some selection may have taken
place under 15 years of domestication of this stock. However, note

the consistancy in basibranchial teeth and gillraker counts,

You mentioned you may have a problem in protecting the native cutthroat
population in Silver Creek because of demands for stocking catchable
rainbows from fishermen in the Helena area. I hope you can stimulate
awareness of the unique situation you have here and get public support
to maintain a purely wild fishery for native cutthroat trout, I believe




Mr. George Holton
Januany g S0
Page 3

there is a Trout Unlimited chapter in Helena and I'll send a copy of
this letter to T.U. i headquarters in' Denver,requesting ‘that they alert
the Helena lorinearest il chaptern, tohelpiyou nublilcizeitheRissued
involved: to maintain a unique, natural fishery for the rare native
trout of the area or to opt out for an artificial commonplace and ex-
pensive catchable fishery. The principles and values involved are
analagous to setting the goals for community art museum - if you have

a choice would you choose an original Rembrandt or 100 pictures clipped
from Life Magazine?

Sincerely yours,

Robert Behnke
Assistant Unit Leader

RE:dch
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UNITER STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE

o0 Box 184
Yellowstone National Park, Wyoming 82190

January, 18, 1972

Dr. Robert J. Behnke

Assistant Unit Leader

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado 80521

Dear Bob:

This letter is in response to your request for information on
McBride Lake cutthroats in your letter to George Holton.

We believe cutthroats were native to Upper Slough Creek, McBride
Lake, and Lake Abundance. The earliest reference I'm familiar
with is Jordan's survey of 1889. He did not visit the northeast
corner of the park but reported the presence of trout in the
headwaters of Slough Creek and Lake Abundance. At high water
levels trout can move from Slough Creek into McBride Lake over
beaver dams on both of the lake's outlets.

Both rainbows and cutthroats were stocked in McBride Lake. Here's
our stocking information.

Year Month Species Size Number Hatchery
1936 Sept. Rainbow Fingerling 95180 Bozeman
1940 July-Sept. Cutthroat Ad. fry 7,500 Lake
1941 July-Sept. Cutthroat Fingerling 9,650 Lake

The success of these plants is unknown, Bob. A long cascade,
located several miles downstream from McBride Lake on Slough Creek,
may act as a velocity barrier which prevents the upstream move-
ment of rainbows into this portion of the watershed. During our
creel studies we have not observed any rainbows in the Slough
Creek watershed above the cascade. I hope this information is of
some value to you.




Your mention of additional studies in the park is encouraging,

Bob.

We'll be pleased to assist in any way possible.

Sincerely,

£y
JagK L. Dean
Fishery Management Biologist
Yellowstone Fishery Management
Investigations
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Dr. Robert Behnke

Asst. Unit Leader .
Colorado Cooperative Fishery Umit
Colorado State University

Fort Collins, Colorado 80521

Dear Bob:

Thank you for your information about your material of New Mexico
Etheostoma. You are correct in your assumption that this is the
darter Koster called the Pecos Darter. We have his material and are
in the process in working it up. We, of course, have some new
material including incidental life history data that might be useful
in insuring its survival.

I am aware that U.S. Fish and Wildlife had been considering initiating
programs on endangered fishes; in fact, this was one of the stimuli
for activiation of our program. As soon as formal information
becomes available, I will, of course, forward it to you.

Sincerely yours,
0N o
) o
L
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Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80531

June 7, 1972

Mr. Robert Borovica
Bureau of Land Management
8005 S.W. Westgate
Portland, Oregon 97225

Dear Bob:

1'd like to learn of the BLM's activities on the Alvord basin trout.
When we talked on the phone you mentioned a crew was going in and
survey the area to devise plans for habitat improvement. Did they
learn anything more about trout distribution or have an opportunity
to investigate waters other than Willow and Whitehorse creeks?

I've summarized all the data I have on the Alvord trout in preparation
for describing a new subspecies. A copy of my data summary is enclosed.
It appears as though the Willow Creek and Whitehorse Creek populations
are slightly differentiated indicating that there has been no opportunity
for continuous gene flow for some time. However, I din't have adequate
samples from Willow Creek. The only good sample I have consists of the
20 specimens BLM and Oregon Game Commission biologists sent me last

year from Whitehorse Creek. I would also like to obtain a sample

from Little Whitehorse Creek. I've examined only a single specimen

from here.

There is no obvious evidence that introduced trout have hybridized
with the Alvord trout, but about 10% of the Willow Creek specimens
lack basibranchial teeth and tend to have slightly fewer gillrakers
than the Whitehorse Creek specimens.

To describe a new subspecies I would need larger samples from Willow
Creek and Little Whitehorse Creek. I would also like to get samples

from the most isolated headwaters of Willow and Whitehorse and from

the most downstream areas inhabited by trout to evaluatd evidence of
possible hybridization. I would also like to be able to make a statement
on distribution. With what degree of certainty can we say that this




Mr. Robert Borovica
June 7, 1972
Page 2

trout ihhabits no other stream outside of the Whitehorse-Willow Creek
drainage? On a map I note that the very headwaters of Little Trout
Creek on the west slope of the Trout Creek Mountains intertwine with
the headwaters of Willow and Little Whitehorse draining the east slope.
Might there be trout in Little Trout Creek? I know that the headwaters
of main Trout Creek (or Virgin Creek) in Nevada has only rainbow trout
and had a mixture of rainbows and Lahontan cutthroat in the 1930°'s,

so I have about dismissed any possibilities for that area.

I plan to be in Oregon in July for the Western AFS meeting in Portland.
After the meeting I hope to get together with Dick Wilmot of 0.S.U.

and investigate the possible occurrence of the "red-banded" trout (the
undescribed trout with 58 chromosomes) in the Columbia River basin.
After that (about mid-July) I would like to arrange a field trip in

the Alvord basin to collect the key areas needed to publish a description
of Salmo clarki alvordensis. Can you supply me with names and addresses
and assist with arrangements for a cooperative survey and collecting
trip of 2-3 days in July? I noted that the collection from whitehorse
Creek last August was made by Art Oakley and Bob Kindschy of BLM and
Bill Hosford of the Oregon Game Commission. Mr. Kindschy of the Vale
office had been recommended as a contact and I will have a copy of this
letter sent to him.

I hope to see you in Portland and perhaps we can finalize arrangements
for specific times and with specific people to complete the systematic
aspects of the Alvord trout project.

Sincerely yours,

Robert Behnke
Assistant Unit Leader

RB:dch
cc: Campbell; Kindschy




Department of Zoology

University of Montana

Missoula, Montana 59801

(406) 243-0211 8 June 1972

Dr. Robert Behnke

U. S. Department of Interior

Bureau of Sport Fisheries and Wildlife
Colorado Cooperative Fishery Unit

Fort Collins, Colorado 80521

Dear Dr. Behnke:

Enclosed is a supplement to my application to Trout Unlimited.
I have written this in response to the many helpful suggestions you
have made in your letters. I was pleased to see that you are prepared
to support my application to Trout Unlimited, and to see that you
have listed me as a collaborator in your project outline.

I appreciate the assistance you have given me and hope that we
will be able to cooperate in the future on problems regarding the
cutthroat trout.

Sincerely yours,

Gary Reinitz




5 June 1972
Grant Application to Trout Unlimited -- Supplement

Project Title: Biochemical Taxonomy of Salmo in Western Montana

Introduction

The range of the cutthroat trout extends from Alaska to southern
California with several populations found east of the Continental Divide,
as well as west of it. Originally cutthroat trout were abundant in the
mountain streams of Montana on both sides of the Continental Divide,but
this is no longer the case. Presently the distribution of native cut-
throat trout is restricted to small relict populations in extreme head-
waters, sanctuaries that are resistant to the invasion of rainbow trout.

The introduction of the rainbow trout and other changes in the environment
brought about by man have caused this reduction in the numbers of the
cutthroat in Montana. Not only is the rainbow trout a strong competitor
with the cutthroat trout, but it readily hybridizes with it to further
endanger the purity of the gene pool in any remaining population of the
native fish.

Several agencies are concerned with the preservation of any remaining
pure populations of cutthroat, but corrective action cannot be taken until
such populations are identified and the systematics of this trout receives
adequate attention. There exists a critical shortage of data concerning
the distribution of cutthroat populations and their distinguishing character-
istics. Studies that have been performed to date using classical techniques
have not clarified either of these problems to any great extent. For example,
a study of the cutthroat trout from three sub-drainages in western Montana

(Zimmerman, 1965), failed to demonstrate that populations from three differ-

ent sites could be distinguished by means of meristic characteristics.




2
Recent studies involving starch gel electrophoresis have helped solve
problems similar to those that concern the cutthroat trout. Electrophoresis
has been used to identify hybrids between Salmon, §g}gg_é§l§£ L., and trout,

Salmo trutta L. (Nyman, 1970) where morphological methods have failed.-

Evidence of subspeciation has been revealed by the use of electrophoresis
in the Atlantic salmon (Payne, 1971). Biochemical methods proved success-
ful in distinguishing between the white and longnose suckers (Beamish, 1971)
where cytological methods had failed. Countless other studies have also
used biochemical techniques to successfully answer questions concerning
the taxonomy and systematics of various species (eg. Northcote, 1970;
Ridgeway, 1970; Wright, 1970). Haldane (1957) estimated that perhaps
1000 gene substitutions were necessary to give rise to a new species, and
although the majority of these are unlikely to be detectable by electro-
phoretic techniques, some of them might well be. Thus one should be able
to distinguish between hybrid fish and pure cutthroat trout, and between
discrete populations of that species, once species specific and race
specific proteins have been identified.

Although biochemical techniques hold a great potential for studies
concerned with specific and subspecific differences, one would be naive

to neglect the classical techniques of systematics. By taking into account

numbers of scales,(f}n rays, gillrakers, basibranchial teeth, vertebrae

and pyloric c®eca in addition to the results of biochemical investigation,

a study such as I propose would have a higher potential for success. How-
ever, the more direct influence that environmental factors have on physical

characteristics must be borne in mind.




Methods

During the summer of '72, I will collect trout from various sub-
drainages of the upper Columbia (Clark Fork, ' Bittertroot, Flathead, .etc.)
under the supervision of Gordon Haugen of the U. S. Forest Service, as
well as from the upper Missouri, east of the Continental Divide. Other
drainages will also be sampled at a later date. Sampling will be con-
centrated in the headwaters of these drainages. 1In this program of
sampling, I have been promised the assistance of the U. §S. Forest Service
and the Bureau of Land Management.

A backpack shocker will be used to collect fish, and once netted, the
trout will be bled by heart puncture using a pipette to collect the blood.
The blood cells and serum will be separated in the field with a portable
centrifuge, and the serum and cells will be stored in separate vials in a
coller containing dry ice until their return to the laboratory. The fish
will be measured, weighed, and stored frozen for later analysis. The
precise location of the collecting sites will also be recorded.

Following this period of collection, electrophoresis will be carried
out on the serum samples collected using Hiller vertical starch gel
apparatus, under the supervision of Dr. Canham. Transferrins, albumins,
and other serum proteins will be analyzed first, followed by the various
dehydrogenases, esterases, phosphatases and other serum, cell and organ
enzyme systems.

Hopefully the data obtained from the biochemical analyses will
complement those compiled from a study of variation in the meristic
characters previously mentioned.

Information obtained by myself and by Behnke during the summer of




4
1972 should make it possible to identify populations of particular
interest for sampling during the following summer in order to further

clarify the systematic status of the cutthroat trout.

Applications

My proposed research could prove valuable to the state and federal
agencies concerned with the perpetuation of the westslope cutthroat trout
in that it could provide a means of identifying populations of pure
westslope cutthroat. Thus management programs could be instituted to
expand the present range of endangered cutthroat populations so they
would be less liable to go to extinction in the immediate future. When
the results of my study are considered in conjunction with those of Dr.
Behnke many of the problems which surround the systematics of the cutthroat
trout may be solved. The results obtained may lead to other studies which
could further elucidate the ecology, taxonomy, and evolutionary origins
of the cutthroat trout, and indicate the most promising ways to preserve
this fish where ever it is found.

I truly believe that with the cooperation of the U. S. Forest Service,
Montana Fish and Game Department, Dr. Behnke and Dr. Canham, I can achieve

the goals that I have set in this proposal. I therefore feel that my

research is worthy of funding by Trout Unlimited.
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UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Kaniksu National Forest
P.0. Box 490
Sandpoint, Idaho 83864

December 1, 1972

7 2100
Dr. Robert Behnke

Bureau of Sport Fisheries and Wildlife
Colorado Cooperative Fishery Unit
Colorado State University

(Fort Collins, Colorado 80521

Dear Dr. Behnke:

The enclosed two samples I believe are genetically pure strains of
cutthroat trout. They were collected from two streams scheduled for
timber harvesting (South Fork Granite Creek) and removal of a culvert
barrier (Brett Creek).

I realize you may be swamped with samples; however, I would appreciate
it if you could give priority to these samples. These is a 11,000,000
board feet timber sale that has been stopped pending your analysis of
the South Fork Granite Creek sample. The Brett Creek sample will be
exposed to rainbow trout and cutthroat hybrids after removal of a
culvert barrier next spring. We cannot stop removal of the culvert
barrier since the bridge is too far along, but we can make provisions to
construct another migration barrier if the strain is pure.

Also, can you give me field guides with which to identify pure westslope
cutthroat or- hybrids.

Again, I would appreciate your earliest consideration of the samples.

Sincerely,

}TJWQL%{ (géﬂj)

JAMES L. COOPER
Zone Fisheries Biologist

6200-11 (1/69)
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UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE
Kaniksu National Forest
P.0. Box 490
Sandpoint, Idaho 83864

2630
December 19, 1972

REST Sthv,

Dr. Robert Behnke %AS
US Dept. of Interior, BSFW S
Colorado Cooperative Fishery Unit

Colorado State University

_ Fort Collins, Colorado 80521

Dear Dr. Behnke:

I have identified the sample streams with green ink on the enclosed
two maps. Please ignore the other colors; I had only the one Magee
map at present.

As you can see, there are a large number of streams; I believe we will
find more candidate streams as we complete stream habitat surveys.
However, to date, few of the streams represented on either map have
been sampled for their fish species.

Thank you for giving priority to the two samples I sent. Also, I

am interested in your comments concerning the disappearance of cutthroat
from a stream which was clearcut. If there is a report or documentation
of the effects of clearcutting on the stream, I would appreicate receiving
a copy or knowing where I could obtain one.

Sincerely,

i/

JAMES L. COOPER
Zone Fisheries Biologist

Enclosure:

6200-11 (1/69)




Colorado Cooperative Fishery Unit
Fort Collins, Colorado 80521

April 14, 1972

Mr. R. P. Gytenbeek
Trout Unlimited

4260 East Evans Avenue
Denver, Colorado 80222

Dear Pete:

Fnclosed is a rather involved reply to Mr. Reinitz to keep you informed
on the status of his proposal to T. U. If Mr. Reinitz and his graduate
committee at the university can redesign the proposal so I think it might
produce relevant imformation useful for Montana Fish and Game to develop
a management program for native trout, I will recommend that T.U. find
it. As it now stands, the type of study he proposes has little relevance
to actual problems of the status of Montana trout.

I was somewhat jolted to see a newspaper picture story of notable T.U.
people hunting ''shootable hatchery ducks." But thinking it over, if
there are similarities to catchable trout, at least you were paying for
your game and not freeloading on other license buyers.

Sincerely,

Robert Behnke
Assistant Unit Leader

RB:js
enclosure




Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

May 23, 1972

Mr. Gary Reinitz
Department of Zoology
University of Montana
Missoula, Montana 59801

Dear Mr. Reinitz:

The situation regarding research on the systematics of westslope and
eastslope cutthroat trout is looking brighter and I anticipate some
significant progress this year. The National Park Service has agreed

to provide some funds to finance some of my work directly, and the

U.S. Forest Service will cooperate by hiring students to make collections
for me (Mr. McKirdy said that you will be one of the students hired).

Enclosed is a copy of an outline prepared for the Park Service. You
will note that I have you listed as anpossible collaborator. I en-
vision that your emphasis will be the biochemical approach and I will
handle the orthodox examination and evaluation. It would be an asset
to you, however, if you do get experience in the rudiments of standard
jichthyological research. If the cooperation I've been promised materializes
this year, I should have adequate material to be able to pinpoint
precise areas and populations that are likely to contain the greatest
information content to be investigated by biochemical techniques. By
next year's field season, the information developed and made available
to you should allow you to zero-in on key populations to help answer
the questions posed in the enclosed outline. To do this, you will
need information on protein pdlymorphism in cutthroat trout and an
evaluation of what proteins hold the greatest potential to reveal
evolutionary divergences and affinities. At present all we can say

is that there must be proteins that are useful for this purpose, but
they are unknown - it will be your problem to discover them.




Mr. Gary Reinitz
May 23, 1972
Page 2

There are many aspects to a systematic survey of groups of a geographi-
cally diverse fish. Taxonomy, which consists of diagnosing the dif-
ferentiating characters and ordering the discrete units into a system

of classification, is only a part - but a most important starting point.
You may note my mention in the outline of various selective pressures
that may have influenced the evolution of different life history charac-
teristics, but may not have produced morphological divergence of the

type that deserve taxonomic recognition. It is very important, however,
for the management of the species or subspecies to explore other facets
of the total biology besides morphological or gene frequency data. I
expect that I can handle most of the synthesis of ecological information,!®
but you should be aware of how evolution operates to diversity and

adapt local groups under different selective pressures. The great danger
of the biochemical approach by a person without an in-depth understanding
of evolutionary biology is that his conclusions may be typological.

That is, by believing he has made the taxonomy more quantitative and
precise, he then assumes that each taxonomic unit man be neatly charac-
terized with a whole set of parameters representative of every member

of that taxon. This just is not so unless you have a taxon like Cyprino-
don diabolis, the Devil's Hole pupfish, in which the entire species
inhabits one small pool and consists of a few hundred individuals.
Despite the inconveniences I have caused you, I hope it has been worth-
while in that you have developed a more comprehensive outlook on the
problem you are undertaking and have established a clearer outline of
your goals and how they may be accomplished. As you may see in my
geographical breakdown of the upper Columbia and upper Missouri basins,
it is likely that you will have to include specimens from outside of
Montana to get at the problem of the number of diverse groups of native
cutthroat trout involved, their affinities and taxonomic status. Because
you are planning to skip the M.S. thesis and make the study a Ph.D. work,
I think it is feasible to expand your original study area to get at a
larger problem. I should have some ideas on this matter next year

after the specimens collected this year are examined and evaluated and
the information synthesized.

I don't underestimate the potential of biochemical methods to make very
significant contributions to a better understanding of trout systematics
and taxonomy, but studies to date haven't been very useful om relevant
to specific problems. The emphasis has been on microevolution (or
population genetics) and not an detecting more major evolutionary di-
vergences between geographically isolated groups. I have a paper on
systematics of salmonid fishes of recently glaciated lakes scheduled

to be published in issue number 6 of the Jour. Fish. Res. Bd. Canada.




Mr. Gary Reinitz
May 23, 1972
Page 3

In this paper I cite some specific examples where bhéchemical tech-
niques are likely to provide the information not available from
orthodox studies. I maintain an open attitude and it will be up to
you to produce convincing evidence that your techniques can provide
ful information to complement my morphological, anatomical and zoo-
geographical information and arrive at a correct interpretation of
the evolution and taxonomy of cutthroat trout of the upper Columbia
and upper Missouri river systems. If you honestly believe you can
accomplish this, I will urge that Trout Unlimited fund your project.

Sincerely yours,

Yobert Behnke
Assistant Unit Leader

RB:dch




UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

April 14, 1972

Mr. Gary Reinitz
Department of Zoology
University of Montana
Missoula, Montana 59801

Dear Mr. Reinitz:

For your proposed study of Montana cutthroat trout, I would urge that
you give serious consideration to expanding the proposal to encompass

a more thorough systematic survey that would more likely provide valuable
information on the status and management of the native trout than could
be had from a population genetic study revealing the allelic frequencies
of one or two proteins of a few populations. You will need to sharpen
the focus on your goals and objectives. For example, you wrote that
your goal: "is to study isolating mechanisms which might exist within
and between populations of westslope cutthroat, rainbow trout and their
hybrids'". You mentioned you would pattern your study of isolating
mechanisms after that of Hagan's on sticklebacks. I would agree that the
stickleback work of Hagan (and also McPhail) is an instructive model.
However, you assume that there are isolating mechanisms between west-
slope cutthroat trout and rainbow trout; I doubt that there are. Based
on several years of observation, I would predict that you will not

find a single example of a population of native westslope cutthroat
coexisting in the same habitat with introduced rainbow trout without
hybridizing. If you do know of such a situation it would indeed make

a worthwhile graduate research project; but, if I am correct, and you
find no sympatric, reproductively isolated populations of cutthroat and
rainbow trout - then you have no isolating mechanisms to study and you
must change your primary goal. I believe the only isolating mechanism
between westslope cutthroat and rainbow trout is physical isolation - if
they occur together they will hybridize.

You could make a major contribution if your study resulted in providing
significant information on the taxonomic status and distribution and
abundance of westslope cutthroat trout. For such a study you would

not place complete reliance on protein electrophoresis. I have examined
samples of westslope cutthroat from the Arlee hatchery and from Dean
Creek (both in Flathead River drainage)., They agree very closely and
are somewhat distinct from most other interior cutthroat trout, par-
ticularly in their spotting pattern and a tendency for slightly fewer




Mr. Gary Reinitz
Apral 14 i10%2
Page 2

vertebrae. This suggests to me that a cutthroat trout, slightly dif-
ferentiated from those I am familiar with from the Rocky Mountain region,
is native to the Flathead River drainage. Are the native cutthroat trout
of the Clarks Fork and Kootenay drainages of the Columbia River basin
essentially identical to the Flathead drainage cutthroat? How much
variability is present between pure populations of these drainages
encompassing the range of westslope cutthroat? If the westslope cutthroat
does seem to comprise a relatively uniform group, how does it compare

with the cutthroat native to the headwaters of the Missouri basin and

the South Saskstchewan drainage? Should the currently recognized

Salmo clarki lewisi be revised into two or more subspecies? What
environmental factors favor the flourishing of native cutthroat trout -
what ones are innimical to their perpetuation? A research project
designed to help answer the above questions will entail much more

than biochemical taxonomy. It will take field work and assistance

from interested state and federal agencies and the development of
knowledge of systematics, zoogeography and the geologic history of

the area. You expressed doubts on the efficacy of standard taxonomic
methods for trout classification and for recognizing hybrids. I agree
that it will take time and practice to develop a thorough familiarity
with the specimens you work with, but once you have adequate experience
you can recognize characteristics of different closely related groups

much as you could pick out your close friends and relatives in a crowd

of other Homo sapiens. Enclosed are copies of some reports and cor-
respondence relating to character analysis of closely related groups

of trout and of hybrids. With the information I have now, I believe I
would have no trouble in separating westslope cutthroat trout (Flathead

R. drainage at least) from rainbow trout, Yellowstone cutthroat trout

and any combination of their hybrids. Your reference to Gordon Hartman's
thesis and the fact that he fould little difference between rainbow

trout and cutthroat trout in scale counts and pyloric caecal counts was
due to his choice of parental stock. There is much variability in
polytypic species such as S. gairdneri and S. clarki. If the fine

scaled Kamloops trout are included in S. gairdneri, then, as Hartman
found, S. gairdneri may have more scales than some coarse scaled popula-
tions of cutthroat trout. There still were specific diagnostic characters,
such as basibranchial teeth, the cutthroat mark and vertebral number

that would have served to distinguish the samples of the two species

used by Hartman. In Montana, the native cutthroat may be differentiated
from the introduced rainbow trout by having 25-50 more scales in the
lateral series, 10-15 more scales above the lateral line (it takes

some practice to make these counts with any accuracy), 1-3 fewer vertebrae,
typically 9 vs. 10 pelvic rays, the presence of basibranchial teeth in
cutthroat (alizarin red staining and binocular scope necessary for
accurate counts). Also, with some practical field experience you will
observe quite distinct differences in spotting, coloration and development
of the cutthroat mark between cutthroat trout, rainbow trout, and their
hybrids. You wondered why, if these characters really work to distinguish
cutthroat from rainbow trout and to recognize hybrids, no one in Montana
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Fish and Game and the BLM has used them. The reason is simply that

these agencies do not employ anyone knowledgeable in systematics or
taxonomy. Besides myself there is only one other person, Dr. R.R. Miller
of the Univ. of Michigan, who is actively engaged in the study of the
classification of North American trouts. We have the field pretty much
to ourselves, but there is so much to be done, I certainly wouldn't

try to discourage anyone from joining us.

I do not suggest that you abandon protein taxonomy, but the real op-
portunity to excel in your field is to develop a sound knowledge and
experience in systematic biology and utilize protein taxonomy to answer
specific questions posed from detailed systematic studies. I would
view this much like using a rifle to hit a clear target instead of
shooting a shotgun at the side of a barn in hopes that something in-
teresting turns up. Very few researchers publishing on biochemical
taxonomy of fishes, are well grounded in systematic principles, nor

do they fully comprehend the subtle differences between systematics
(study of evolution) and taxonomy (the art of classification). I
attempted to emphasize this point in my 1970 paper in the Transactions
of the American Fisheries Society (99:237-248). You must keep in mind
how one should evaluate the evolutionary implications of protein in-
formation as applied to a system of classification. This is not always
critically and wisely done. For example, the paper noted in your
letter by Payne, Child and Forrest on Atlantic salmon concluded that
the allelic frequency data on transferin demonstrated that North American
and European salmon did not interbreed. Knowing anything at all about

salmon biology, this is not an astounding conclusion. However, these
authors extended their findings to the taxonomy of Atlantic salmon and
named two new subspecies. The names are not valid because of their
ignorance of the rules of taxonomy, but beyond this, to formally revise
the taxonomy of salmon based on information of a single gene locus is
complete nonsense.

Dr. James Wright (Penn. St. Univ.) told me that he found differences
in allelic frequencies in brook trout sampled from different areas of
the same stream. This is an interesting demonstration that the brook
trout in this particular stream do not form a freely interbreeding
population, but in fact consists of semi discrete umits, Evidentily,
ecological conditions inhibits gene flow in this situation. The fact
remains, however, that this information tells us nothing about the
taxonomy of Salvelinus fontinalis. Let us suppose that you found
different allelic frequencies between samples of Montana cutthroat
from an upstream site and a downstream site in the same stream. How
would you interpret such results?

Perhaps the best reference to illustrate how protein data can be used
to provide vital supplementary evidence for fish taxonomy concerns the
sympatric pairs of whitefish (Coregonus clupeaformis) in several North
American lakes. Lindsey, Clayton and Franzien. 1970. Zoogeographic

problems and protein variation in the Coregonus clupeaformis whitefish
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species complex. In: Biology of Coregonid Fishes (Lindsey, C.C., and
C.S. Woods, ed.) Univ. Manitoba Press, discusses their findings on
allelic frequency of three proteins in whitefishes to answer the question
concerning the origin of sympatric pairs. Are two ancestral species
involved or did each member of a pair evolve independently in each
glacial refuge area? This was a situation that could not be adequately
handled with orthodox taxonomic study. However, carefully note how

the plan of study was developed and carried out so that: specific
questions concerning specific populations from specific areas were
posed for the biochemical technique to be applied. This is an example
illustrating the analogy I mentioned above of using a rifle instead

of a shotgun to zero in on the target. It was the systematic and
zoogeographic knowledge that made the target clearly definable.

There have been several good papers published in recent years on bio-
chemical studies as applied to the interpretation of evolution, par-
ticularly in such journals as American Naturalist, Systematic Zoology
and Comp. Biochem. and Physiol. (1971, no. 2, vol. 39B:195-202 has an
article by Ronald and Tsuyuki on hemoglobins of cutthroat and rainbow
trout). The recent literature should help stimulate new ideas. For
example, I have noted that where ecological separation of cutthroat
trout and rainbow trout exists in the same river system, the cutthroat
populations are always associated with higher elevations (about 10,000+
ft in Colorado) and the rainbows at lower elevations. The most reason-
able explanation is that the cutthroat genotype is better adapted to
optimally function at lower temperatures. An article by Somero and
Hochachka (1969. Nature, 223:194-195). reported that rainbow trout

have two sets of LDH enzymes, which function at different temperatures
(one adapted for high temperatures, one for low). If cutthroat trout
are more finely adapted for colder waters I would suspect that their

LDH enzymes would optimally functionfat lower temperatures than the

LDH of rainbow trout - and this should be detected by electrophoretic
patterns. This type of '"functional" biochemical analysis is an exciting
area of study. Plant geneticists have been active in relating protein
polymorphism to adaptations for specific ecological niches. Richard
Koehn has attempted to interpret his biochemical data on suckers (Cato-
stomus) in relation to selective advantages of the allelic condition.

T have my doubts about his conclusions but it is interesting. You can
read the paper by Smith and Koehn (1971. Systematic Zoology, 20(3):282-297)
for a review of his views and as an example of using standard techniques
and biochemical data in a numerical taxonomic study of suckers.

You cited Nyman, 1970, Jour. Fish. Res. Bd. Canada, 27:229-236. Evi-
dently, this citation is in error. I could find no paper by Nyman on
electrophoretic analysis of salmon and brown trout in the Jour. Fish.
Res. Bd. Canada. I would appreciate the correct citation.
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Mr. Richard Delong is the person who has been working on his Ph.D.

research on salmonid proteins. DeLong has been using immunoelectrophoresis
and double diffusion. He teaches at Graceland College, Lamoni, Iowa, and
continues his research during the summer. He was recently here for a
visit and I asked him to write to you about his work.

It is apparent that a M.S. thesis can't fully complete the type of
systematics project I envision would be necessary to adequately determine
the status of all the native trout of Montana. However, I believe you
can design a proposed plan of study that would at least set the stage

for a more comprehensive study (perhaps a subsequent Ph.D. thesis) and

at the same time provide valuable information on the distribution,
abundance and status of the indigenous cutthroat trout of Montana.

I have agreed to examine and render an opinion on samples of Montana
cutthroat trout (as time allows) sent to me by state and federal agencies.
I would also be willing to examine samples used in your study. I think
it is evident that if I did not want to encourage you I wouldn't have
taken the time to write this letter. However, I do not want to encourage
another simple allelic frequency thesis; university library shelves are
filling up with too much trivia. To do such a project without the
systematic knowledge necessary to interpret and evaluate the results

is analagous to encouraging a graduate student in art to duplicate a
classical painting by dabbing in colors over numbered zones. For your
own educational experience and as a foundation for your future career,

I would urge you expand your proposal to develop relevant information on
the status (both taxonomic and vulnerability to extinction) of the
indigenous cutthroat trout of Montana. George Holton, and personnel

of the Forest Service, Park Service and BLM should be most willing to
help make the project a success. Key areas must be mapped out where
surveys can be made to determine the distribution and abundance of
cutthroat trout. Samples taken and analyzed until a semblance of the
evolutionary history is apparent. Mr. Delano Hanzel of the Kalispell
office of Montana Fish and Game, should be helpful with his field
experience and graduate study of Montana cutthroat trout. Then if you
find electrophoretic patterns to be a useful tool, all to the good.

If not, you still have plenty of material for a valuable thesis.

I talked with Andy Sheldon about the problem of an acceptable proposal
that might resolve two conflicting points of view - macroevolution and
microevolution. Of prime importance in your case, is to have the goals
and objectives of your proposal designed to conform to the goals and
objectives of the funding agency - Trout Unlimited. I believe I could
phrase a major T.U. goal to be the promotion and perpetuation of native
trout populations. In Montana, as far as native cutthroat trout are
concerned, the goals of T.U. and Montana Fish and Game are the same.
They both desire a management policy that would expand the populations
of native trout. The overwhelming obstacle to initiate an intelligent
management program for native trout is their confused taxonomic status.
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A research project designed to provide information on the systematics

of the native trout - their diagnostic characters, degrec of variability,
within and between major drainage basins, distribution, abundance, and
taxonomic status, would be a worthy contribution to the goals of T.U.

and Montana Fish and Game. This would essentially be a macroevolutionary
study. The cutthroat populations of the headwaters of the various major
drainage basins may have been genetically isolated for several thousand
years and the Yellowstone group has likely been separated from direct
continuity with other Montana cutthroat since before the last glaciation
or perhaps 25,000-50,000 years. The type of population genetics study
you have proposed to determine allelic frequencies in local populations
is not likely to make a contribution toward solving taxonomic problems
and providing insight into the evolutionary events of the past 50,000
years.

The ideal situation would be to have one graduate student conducting

a standard systematic-zoogeographic project while you would concomit-
tantly emphasize the biochemical aspect but with particular reference
to proteins useful for interpreting evolution and genetic differentiation
during the past 10,000-50,000 years or more. By a copy of this letter,
I will inquire with George Holton about the possibilities of the U.S.
Forest Service funding a systematic project of Montana cutthroat trout,
designed to complement your proposal. I would request that you discuss
the points raised in this letter with your committee and Andy Sheldon
and send a revised proposal with objectives that more realistically

are aimed at a better understanding of the systematics of Montana cut-
throat trout.

Sincerely yours,

Robert Behnke
Assistant Unit Leader




District One
Kalispell, Montana 59901
January 6, 1972

Dr. Robert Behnke

Asst. Unit Leader

Colorado Cooperative Fisheries Unit
Colorado State University

Fort Collins, Colorado 80521

Dear Dr. Behnke:

George Holton passed the request to send you one of my thesis.

A1l the fish collected during the survey work (east slope of
divide only)are in the Montana State University fish collection.

Since graduating I have been working on the west side and have made
collections of cutthroat in the upper portions of the Middle and
South Forks of the Flathead River in the Bob Marshall Wilderness.
These fish are here at the Kalispell headquarters.

Yours truly,

P

Delano A. Hanzel
Special Project Biologist




Department of Zoology

l‘niversity of Montana

Missoula, Montana 59801

(406) 243-0211 31 March 1972

Dr. Robert Behnke

United States Department of Interior
Bureau of Sport Fisheries and Wildlife
Colorado Cooperative Fishery Unit

Fort Collins, Colorado 80521

Dear Dr. Behnke:

I recently received a copy of your letter to Mr. R. P. Gytenbeek and I
appreciated your constructive criticisms. My application was put in laymen's
terms to facilitate its understanding by officials of Trout Unlimited, and I
am sure that this is the source of many of your questions.

In your letter you asked me to detail my research plans. My goal is to
study isolating mechanisms which might exist within and between populations of
westslope cutthroat, rainbow trout and their hybrids. My program will be de-
signed in a manner similar to that of Hagen (1967) who studied isolating mech-
anisms in the threespine sticklebacks (Gasterosteus). The first step in such
a program will be the investigation of allelic distributions and frequencies in
local rainbow and cutthroat trout populations. This may lead to the detection
of "species specific proteins" for the rainbow and cutthroat trout. If so, this
information could be used by the Montana Fish and Game Department and the Bureau
of Land Management to distinguish between populations of the two species and their
hybrids. I would anticipate that there would be a reasonable liklihood of de-
tecting such proteins: Haldane (1957) estimated that perhaps 1000 gene substitu-
tions were necessary to give rise to a new species, and although the majority
of these are unlikely to be detectable by electrophoretic techniques, some of
.them might well be. Electrophoresis has, of course, been used to distinguish
between very closely related species of copepods (Manwell et al. 1967) and
holothurians (Manwell and Parker, 1963). Even if I cannot demonstrate species
specific proteins, my research would still be of value to these two departments.
Allelic frequency differences undoubtedly exist between the different populations
in a stream. If a headwaters population of cutthroat is isolated which the Fish
and Game Department consider to be purebred cutthroat, I will be able to tell
them how far downstream the population extends using allelic frequency data
collected from samples. This approach is similar to that suggested by Gray and
McKenzie (1970).

I fully agree with your point about the necessity of a large sample size
and feel that this will not be a problem. Both the Bureau of Land Management
and the Fish and Game Department have agreed to assist me in obtaining the large
numbers of specimens needed for my research.
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I realize the difficulties envolved in my study, but I will be able to use
some of the best equipment available: Hiller vertical starch gell apparatus,
(3 sets), and a Hewlett-Packard 600V power supply. Also, I will have the advice
of Dr. Raymond Canham, who has previously studied biochemical variation and
taxonomy in small rodents (Canham, 1972).

For the past two quarters I have been a teaching assistant and I have had
little free time for my research. A grant would, of course, relieve me of these
duties. However, I did process 26 serum samples from rainbow and cutthroat
trout from the hatchery at Arlee, Montana. I have enclosed photographs (Figs.
1, 2, and 3) of gels upon which the serum proteins from these samples were
separated and stained. I realize that since hatchery trout were used the results
will be atypical of wild populations. I also realize that only a small sample
size was involved. I do feel, however, that the results which I obtained
suggest that isolating species specific proteins for the two species is a
realistic goal. Much of my time has been spent perfecting buffering systems
to give the best separations for transferrins and other serum proteins, and
although I still have much work left in perfecting buffering systems for various
enzymes, this will be facilitated by the experience I have gained to date.

I am confident that a study of the biochemical taxonomy of the westslope
cutthroat, rainbow trout, and cutthroat and rainbow hybrids is the best approach
to resolving many of the problems surrounding the westslope cutthroat species.
You personally have stated many of these problems (Behnke, 1971) and I believe
that in many cases their solution may be in a biochemical-taxonomic approach.

I do not feel this is an unrealistic belief in view of the success of similar
studies on other species of fish (Payne, Child and Forrest, 1971; Wright and
Atherton, 1970; Ridgeway, Sherburne and Lewis, 1970; Northcote, Williscroft

and Zeuyuki,1970). I feel biochemical methods may sometimes be better for
classifying a specimen than cytological methods. I base this statement on

the results of a study made by Beamish and Tsuyuki (1971). They found cytological
studies inconclusive with respect to genetic differences between various forms

of white suckers, while consistent differences were found between George and
Lumsden suckers by the electrophoretic separation of serum samples. I also
believe that in many cases biochemical taxonomy is preferable to the methods

of classical taxonomy. Nyman (1970) found biochemical methods to be consistently
superior to morphological methods in detecting natural hybrids between Salmo
galar L. and Salmo trutta L. In the Fy.of 'a hybrdd cross he found only one
biochemical character to be similar or identical to one parent, while 36 meristic
characters were either similar or identical to one parent. Also in the F; he
found 17 biochemical characters to be distinctive while only 4 meristic charac-
ters could be used used to distinguish between parent and offspring. Needham and
Gard (1959) point out that apparently every morphological character they analyzed
in rainbow trout could be readily modified by the enviromment. This complication
would seem much less likely to occur when biochemical characters are involved.

Finally, I would like to ask if you would clarify a few points of your letter.
I would like to know which standard taxonomic methods of evaluating the genotype
have been used successfully to identify the progeny of rainbow and cutthroat
hybrids which have been backcrossed one or several times to one of the parental
stocks. Am I not correct in assuming that the F; of a rainbow and cutthroat cross
will possess characteristics intermediate between the parental characteristics
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(Hartman, 1956) with the exception of those characters which resemble the

female parent type (such as vertebral and ray counts)? If so, I would assume
that backcrossing a hybrid would result in an approach of meristic characteristics
to those of the parental stock, which would complicate classification by means

of standard methods. Also, according to Hartman (1956) most of the meristic
characters of purebred rainbow and cutthroat trout do not differ significantly,
and thus it would appear unlikely that a statistically significant difference
could be demonstrated between hybrid and purebred trout using meristic characters.
If suitable meristic characteristics exist, I am surprised the the Bureau of

Land Management and Montana Fish and Game Department have not employed them to
isolate native cutthroat trout.

I would like to know which methods your student has used in his study of
rainbow and cutthroat hybrids and the parental stocks. As I have said, I am
currently using vertical starch gel electrophoresis similar to that described
by Smithies (1959). This apparatus allows me to process 80 serum samples at
one time.

I hope I have clarified some of the points that you mentioned. I am also
looking forward to further correspondence with you since I am sure that you can
greatly assist me in my research.

Sincerely yours,

By iy

Gary Reinitz

Copy itosli \Dr.. Tom Huff
Mr. R. P. Van Gytenbeek
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Systematic Investigations of Indigeneous Trouts of
National Parks and Contiguous Waters
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Dr. Robert Behnke, Colorado State University
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etc.;

Significant progress was made in achieving the objectives of determining
how many distinctive groups of native trout occur in the Colorado, South Platte,
Upper Columbia and upper Missouri river basins of National Parks and contiguous
areas, Also more was learned of their distribution, diagnostic characters and
present status. A source of pure greenback cutthroat trout, Salmo clarki stomias,
is available for further introductions in Rocky Mountain Park and preliminary
plans for their re-introduction in a large area of the Park have been discussed
with Park biologist, Dave Stevens., Several collections of Colorado River
drainage trout were made and analysis of these specimens will attempt to find
a source of a pure stock of native Colorado River cutthroat for re-introduction
into Park waters of the Colorado River drainage.

A successful field trip in Yellowstone Park and contiguous waters contributed
much new information on the distribution of the two forms of cutthroat trout
native to the upper Snake River (large spotted and fine spotted cutthroat trout).
Apparently only the large spotted form is native to the Snake River drainage
above Jackson Lake, The fine spotted form probably does not occur in any waters
of Yellowstone Pagk as has been commonly believed., The downstream distribution
of the large spotted form extends to Spread Creek.aaThe next tributary to the
South (Gros Ventre) and all other waters below Sprimg Creek, at least to Palisades
Reservoir, have only the fine spotted form. The large spotted cutthroat trout
is again encountered in lower Snake River tributaries (Henry's Fork, Idaho;

Raft River, Utah; Idaho, and Goose Creek, Idaho, Nevada). The factors that
operate to maintain reproductive isolation between two groups of a single species,
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in a continuous environment, are unknown. Below Shoshone Falls of the Snake
River, and in other upper Columbia River tributaries (Salmon R., Clarks Fork,
Flathead, etc.) another differentiated race of native cutthroat trout occurs.
This trout is commonly called the Montana westslope cutthroat trout. Col-
lections were obtained from the upper Missouri drainage for comparison with
westslope specimens to determine if the name S. c. lewisi should apply to
the native trout of both the upper Missouri and upper Columbia river basins
(excluding the Snake River drainage above Shoshone Falls).

Further collections were made from several disjunct localities in the
Yellowstone River drainage to test the assumption that the native trout of
the Yellowstone drainage were derived from the upper Snake River and not from
the upper Missouri, and to determine the degree and rate of evolutionary
divergence of the Yellowstone Lake cutthroat trout during approximately 8,000
years under selective pressures for lacustrine adaptation.

The specimens collected will be analyzed this winter and plans will be
formulated on areas to be investigated next year that are likely to yield
significant information for a revision of the taxonomy of these native trouts,
their distribution patterns and present status.

Except for the upper Snake River and the Yellowstone drainage in Yellow-
stone Park, pure populations of native cutthroat trout are extremely rare in
the region. They have been replaced by introduced species and with rainbow x
cutthroat hybrids. It is evident that the cutthroat trout @ thefuppen
Columbia and upper Missouri basins are extremely vulnerable to Eheseffects
of habitat degradation. A stream where cutthroat trout were recorded in a
1967 Montana survey was found to have only introduced eastern brook trout
in 1972 after a clear cutting operation increased erosion and raised stream
temperatures.

N .




Proposal for a comprehensive study of the systematics of the
westslope cutthroat trout: A basic prerequisite for their preservation

and management.,

INTRODUCTION

Two years of collections of specimens and accumulation of data has
prepared the foundation to initiate a graduate student thesis project on
the systematics of westslope cutthroat trout, which should provide defin-
itive conclusions on diagnostic characters and the taxonomic position of
this fish.

Formerly, the westslope cutthroat was listed as an endangered, but
undescribed ‘species in the U.S. Dept. Interior's "red book:' " Cirrently
(1973), because of its uncertain taxonomic status, it has been assigned
an '"undetermined'" status. There is no doubt, however, that pure popula-
tions of the cutthroat trout indigenous to the upper Columbia River system
have been eliminated from the bulk of their former range, are rare and in
need of special attention to preserve the remaining stocks.

The basic problem obstructing efforts to protect or manage the west-

slope cutthroat is the taxonomic confusion surrounding this fish. How can

a pure population be recognized if it is found when no adequate published
description exists? The native cutthroat trout of the upper Columbia River

system are a subspecies of Salmo clarki, but to what subspecies they should

be assigned is not yet known.
The information necessary to answer these questions will be developed

from this proposed study.

STUDY PLAN
Collections, including museum material, consisting of more than 50

samples and almost 1000 specimens are now available in the Systematics




Laboratory of the Colorado Cooperative Fishery Unit. These samples are
from diverse areas of the upper Columbia, South Saskatchewan and upper
Missouri river basins. Several characters, such as the number of verte-
brae, scales, gillrakers, pyloric caeca and spotting pattern are recorded,
compared and evaluated to reveal consistant modes of similarity providing
a definition of the characters possessed by the cutthroat trout native to
the upper Columbia River drainage and allow for the recognition of essen-
tially pure populations. Comparisions with samples of cutthroat trout
from the upper Missouri River system of Montana will determine if the name

Salmo clarki lewisi also applies to the westslope cutthroat. Comparisons

of museum specimens from diverse segments of the Columbia basin will
determine the original distribution of westslope cutthroat and provide

thal moce thon orne S l»:,s,,uc,m
an indication to the possibilityjof cutthroat trout (excepting S. c. clarki)
is native to this large drainage.

Supplementary data on protein polymorphism should be available from
research on biochemical analysis of westslope cutthroat trout by Mr. Gary
Reinitz, a graduate student at the University of Montana. Mr. Reinitz'
research, however, will not provide definitive information on the diagnosis
of westslope cutthroat trout. This is due to the minute fraction of the
total genotype that is surveyed by biochemical techniques and to the fact
that almost certainly no qualitative differences between the proteins of

/i
jb!cutthroat trout and other cutthroat (and probably rainbow) trout will be

w € }i“
A

found. That is, the genes governing the proteins are not specific to the
cutthroat trout native to the upper Columbia River basin, but are shared
with other cutthroat and most likely, rainbow trout. The best evaluation
of the total genotype, for systematic purposes, is still a critical study

of several phenotypic characters.




PROGRESS TO DATE

The determination of the diagnostic characters is largely completed.
Consistant similarities of several characters from many samples allows
us to place quantitative values on characters expected to be found in pure
westslope cutthroat trout populations. From this data, the effects of
hybridization with rainbow trout and/or Yellowstone cutthroat trout can
be detected. Samples can now be run through the examination process and
their relative pureness determined.

A compilation and synthesis of information available from field bio-
logists and from the literatdre on ecological and life history aspects of
westslope cutthroat trout will be made. Bringing diverse bits of informa-
tion together on the biology of this trout, including such items as habitat
preference, migratory tendencies, lacustrine populations, age, growth, food
habits, etc., will be a valuable source of data for the management of
thasitrouts

During the past year, Mr. James Roscoe has been assigned to the west-
slape cutthroat project while he was employed as a work-study student.

Mr. Roscoe is now enrolled as a graduate student and plans to complete

the project for his graduate research and thesis. Mr. Roscoe is presently

supported by workfstudy funds, supplemented by a modest grant from the
National Park Service.

Dr. Richard Wallace, Department of Zoology, University of Idaho has
long been interested in the native cutthroat trout of Idaho. Dr. Wallace
has made numerous significant collections from key segments of the Columbia
River basin and plans to bring his collection to Colorado State University
during a sabbatical leave this winter and spring and collaborate in this
study. His contribution should .4nsure comprehensive authoratative treat-

ment of a difficult systematic problem.




OUTLINE FOR FIELD STUDIES AND COLLECTIONS
OF CUTTHROAT TROUT IN THE YELLOWSTONE - TETON PARK AREA

Robert Behnke
Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado

A major segment of a comprehensive systematic study of western trouts
concerns the native trout of the headwaters of the Missouri and Snake river
basins i1n the Yellowstone-Teton Park area. This area appears to hold a
significant amount of information on the systematics and evolution of cutthroat

trout and the taxonomy of Salmo clarki. This summer I plan to obtain collections

that will contribute toward a better understanding of the systematic problems
involved. At present, all of the native cutthroat trout of the upper Columbia

and Missourl river basins are considered as a single subspecies, Salmo clarki

lewisi. I suspect that perhaps several evolutionary divergences are repre-

sented under this inclusive category. Previous collections in the Snake River
drainage leave no doubt that there are two recognizably distinct forms of
cutthroat trout native to the upper Snake River basin; one of these (the
fine spotted form) should be described as a new subspecies. My samples and
base of information are too meager, however, to make definitive statements
on the precise distribution and taxonomic characters of the two forms of
cutthroat trout of the upper Snake River basin. The same lack of specimens
and information also applies to the upper Missouri basin cutthroat trout.

I would like to obtain collections this year that would adequately pin
point the distributional limits of the fine spotted and large spotted farms of

cutthroat trout of the upper Snake drainage and to establish their diagnostic




taxonomic characters. I also suspect that the fine spotted Snake River
cutthroat trout is not a single, homogeneous entity, but consists of local
stocks with varying degrees of migratory behavior. Comparisons of samples of
populations from various tributaries should support or negate this assumption.

Samples from the Yellowstone drainage below the falls are important
for comparison with the upper Missouri and large spotted Snake River cutthroat.
I believe the entire Yellowstone drainage received its native trout from the
Snake River and not the Missouri--an important consideration if the taxonomy
of S. c¢. lewisi is revised.

Past stocking policies have introduced non-native trouts into virtually
every tributary of the region. Most of these trout were Yellowstone Lake
cutthroat trout. Fortunately, the Yellowstone Lake cutthroat possesses a
set of diagnostic characters that can be recognized, even after many generations
in new waters. I belleve I can avoid the mistake of considering an introduced
Yellowstone population as representing a pure, native stock.

Apparently, the large spotted cutthroat trout was always native to the

headwaters of the Snake River above Jackson Lake. Jordan in 1889 and Evermamn

in 1891, collected trout in the headwater of the Snake (Evermann's route took

him down the Lewis and Snake rivers to Jackson Lake and up Pacific Creek over

Two Ocean Pass). Both Jordan and Evermann found only the typical large

spotted form and made no mention of the distinctive fine spotted cutthroat which,
evidently has always been restricted to waters below Jackson Lake. The large
spotted form is also found further downstream in the Snake drainage, but the
precise distribution of the large spotted and fine spotted cutthroat has

never been delineated. Are there any streams where they occur naturally
together? What factors allow them to segregate and avoid hybridization? These

are questions I hope we can begin to answer this year.




I will need samples (hopefully of at least 10 specimens) from various
sites of the Snake drainage above Jackson Lake and samples from below

Jackson Lake (I have virtually no material from the Gros Ventre, Hoback

and Salt river drainages).

The enclosed map and 1list of collections I now have, indicates the
present status of the study. It can be observed that very few samples
consist of 10 or more specimens and that large gaps need to be filled in
order to arrive at authoritative conclusions.




COLLECTIONS FROM UPPER SNAKE RIVER
AND MISSOURI RIVER IRAINAGES

Site of Collection

Snake R. above Jackson Lake

1.
2.
3.
L.
5.
6.

Heart Lake
Crawfish Crk.
Spirea Crko
Forest Crk.
Owl Crk.
Polecat Crk.

Snake R, below Jackson Lake
Pacific Crk.

Game Crk.

Willow Crk.

Greys R.

Crow Crk,

Falls R, (Henrys Fork)

T
8.
9.
10.
11.
12,

Upper Missouri

13.

15,
16.

Grayling Crk.
Gallatin R.

N. Fk. Specimen Crk,
E. Fk. Specimen Crk,
High Lake

No. of Spacimens
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UNITED STATES
DEPARTMENT :OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
Colorado Cooperative Fishery Unit

Colorado State University
Fort Collins, Colorado = 80521

June: 7, 1972

Mr. Frank Dodge
Nevada Fish and Game
PO Box 71109

Ely, Nevada 89301

Dear Mr. Dodge:

I plan to be in Nevada this summer gathering material to complete
the description and publication of two new subspecies of cutthroat
trout - the Mt. Wheeler cutthroat and the Humboldt River drainage
cutthroat. 1 hope we can arrange a specific time to get together
and perhaps with the cooperation of Nevada Fish and Game, the BIM

and the U.S. Forest Service we can complete the field work for the
taxonomic aspects of these fish - getting them officially named and
recognized as rare or endangered.

Thanks to your previous collections and information gathering, we're
in a good position to finish the work on the Mt. Wheeler cutthroat.
I'11 briefly summarize the situation and point out what should be
accomplished this summer to provide me with sufficient material to
publish a description of a new subspecies and to discuss origins and
distribution with some degree of authority.

In 1952 Ted Frantz found cutthroat trout in Pine Creek on the west-
slope of Mt. Wheeler, draining into Spring Valley, a desiccating basin.
Frantz sent specimens to Dr. R.R. Miller. 1In 1959 I collected a sample
from the Pine Creek population. Both Miller and I agreed that the

Pine Creek trout, although introduced from the Bonneville basin, are
distinct from the Bonmeville cutthroat trout recognized as Salmo clarki

utah, The most apparent distinctions are in the higher number of gill-
rakers and basibranchial teeth, the spotting pattern and the morphology
(the distinctive morphology may be due to the conditions of life in
Pine Creek, not under genetic control). It appears relatively certain
that the Pine Creek population originated from an early introduction
from the Trout Creek drainage of the Bonneville basin or the Deep Creek
drainage just to the north and west - both of these drainages were once
tributary to an arm of Lake Bonneville of what is now the Great Salt
Lake Desert. The precise source of the original introduction into Pine




Mr. Frank Dodge
June: 7,:1972
Page 2

Creek is not known, but as early as 1876 cutthroat trout from Trout
Creek, Utah, were transplanted into barren Nevada streams on the west
slopes of the mountains forming the border of the Bonneville basin.

Two specimens collected in 1938 from Lehman Creek, on the Bonneville
side of Mt. Wheeler appear to be identical to the Pine Creek trout and
the present population in Hendrys Creek,!of ‘the Trout Creek drainage on
Mt. Moriah, although hybridized with rainbow trout, still show strong
affinitiesito the:Pine Creek trout. s Surveys ofiother streams ot the
Snake Mountains and the Deep Creek Mountains have failed to uncover any
cutthroat populations (with the exception of six unusual specimens

from Mill Creek). Johnson Creek, of the Deep Creek drainage on the
Goshute Indian Reservation still has a recognizable cutthroat trout
influence in the population but this population is in an advanced state
of hybridization with rainbow trout and can contribute little information
on the characteristics of the original trout. It seems unlikely that
pure populations of the western Bonneville cutthroat trout in their
native range still exist unless they are in other tributaries to the
Great Salt Lake Desert such as the Toana Mountains west of Wendover,

the Thousand Springs drainage, north of Wells, Nevada, or in isolated
streams of the Grouse Creek Mountains or Raft River Mountains of extreme
northwestern Utah. L It'ican be statediwithi'some certainty thatia trout
identical to the Pine Creek cutthroat once inhabited the Trout Creek
drainage of Utah, but we may never know the limits of the original distri-
bution, It is likely that many-.ofithe tiny, intermittant, precipitous
streams of the Trout Creek drainage were barren of fish in historical
times, . In a 1953 letter to . Dr.:Miller; Ted Erantz mentioned thanan
"old timer'" claimed that only Hendrys Creek had cutthroat trout and other
streams such as Snake Creek and Lehman Creek were stocked from Hendrys
Creek. You wrote, however, that the testimony of the Robinson brothers
claimed fishing was good for native trout in Lehman Creek in the 1890's
and that Mill Creek received its trout when a canal carrying water from
Lehman Creek to the other side of the mountain, broke and spilled into
Mill Creek. Frantz also wrote that Hendrys Creek had been stocked

in its headwaters with both Yellowstone cutthroat and rainbow trout.
Frantz mentioned that Muncy Creek and the North Fork of the Cleve Creek
had cutthroat x rainbow hybrids in 1953. Have you ever seen trout

from the headwaters of these streams? If you can add anything to the
above account, or hear of any possibilities that native trout might
persist in any areas north of the Snake-Deep Creek Mountains, I'd
appreciate the information.




Mr. Frank Dodge
June 7, 51972
Page 3

I would like to get sufficient material to bring my collections up to
20-25 specimens from each locality I would discuss in the publication.
This would require additional samples from Pine, Goshute and Hampton
creeks to diagnose the characteristics of the new subspecies and evaluate
non-genetic influence on essentially the same genotype in three different
streams. Mill Creek specimens are abberant in their characters, but

I only have 6 specimens and because you feel confident the stream was
never stocked, we should obtain a larger sample from Mill Creek. A
larger sample from the uppermost headwaters of Hendrys Creek would be
desirable because of all known populations in the Trout Creek drainage
they appear to most closely represent the native trout - but I have

only 7 specimens. Because our collecting would occur after the spawning
season, the removal of a relatively few specimens from these small
streams will not have any long term effect on the populations - if
anything, removal of some adults will stimulate growth and survival

of young.

I don't know the precise dates l.could be in the Ely arca. I am going
to the Western Division AFS meeting in Portland, Oregon, in early July.
Perhaps a few days could be arranged on my way out, If this doesn't
work out, I will be there after I complete collections in Oregon and
the Humboldt drainage - probably later in July. Perhaps you could
suggest some possible dates that would be agreeable with your schedule.

Sincerely yours,

Robert Behnke
Assistant Unit Leader




Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

June 29, 1972

Mr. Gary Reinitz
Department of Zoology
University of Montana
Missoula, Montana 59801

Dear Mr. Reinitz:

Enclosed is an abstract of a paper presented by Dr. Fred Utter at a
symposium on biochemical genetics of fishes at a meeting of the American
Society of Ichthyologists and Herpetologists last week in Boston.

Dr. Utter has probably been the most active worker in biochemical gene-
tics of salmonine fishes and I would urge that you write to him concerning

your project on trout proteins. Preliminary work by Dr. Utter suggests
that peptidase may be a species specific protein between rainbow trout
and cutthroat trout. I am sure that Dr. Utter can provide a wealth

@f information on potentially useful proteins for your study. I would
suggest that sometime during the year you should try to arrange a visit
for a few days to Dr. Utter's laboratory in Seattle.

The above mentioned symposium which I attended last week would have been
most worthwhile for you. The inherent problems of making phylogenetic

or taxonomic implications based on protein data was apparent in several
of the papers. Examples were cited of two good biological and morpho-
logical species that exhibit no differences at 16 loci compared. A
polytypic species, Notropis cornutus, exhibited a high degree of protein
polymorphism between isolated populations, but no consistent interpretive
pattern emerged that would be useful in the taxonomy of the species (you
may find a similar situation in Salmo clarki). The buffer system useful
for protein analysis of Fundulus heteroclitus does not work for a closely
related species, F. majalis. These are just a few of the highlights

I picked up at the meeting that have relevance to your project.

Sincerely yours,

Robert J. Behnke
Assistant Unit Leader

RJB:dch
cc/Utter
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UNIVERSITY OF CALIFORNIA, SAN DIEGO

BERKELEY - DAVIS - IRVINE - LOS ANGELES - RIVERSIDE - SAN DIEGO - SAN FRANCISCO Hi : b , SANTA BARBARA : SANTA CRUZ

SCRIPPS INSTITUTION OF OCEANOGRAPHY POST OFFICE BOX 109
LA JOLLA, CALIFORNIA 92037

August 14, 1972

Dr. Robert ]J. Behnke

Colorado Cooperative Fishery Unit
Colorado State University

bort Collins, @o, . 80521

Dear Bob:

Bob Miller and I are most happy to have heard, through Carl Bond that you were able
to make collections of the Alvord chubs at two localities, namely the reservoir near Hot
(Alvord) Lake and at "Red Point".

We are striving hard to get our paper together as rapidly as we can, so we are
very hopeful that we may be able to see the specimens that you have collected of the chubs,
in the near future. If you have not sent them yet to Michigan, I suggest that you route them
through me, so that I can do my stunt on the material. I am doing certain measurements
and counts, and Bob is doing others.

I feel quite sure, from my memory of long ago (1934) that the reservoir near Borax
Lake has developed since my visit and collecting. I am very anxious indeed to get the lay
of the land, and particularly to know the source of the water in the reservoir. I rather
suspect that it has been fed from Borax Lake itself, but it will be of importance from the
standpoint of the faunal relationships to know just what is what. I hope that you can give
rather full details, perhaps £0s%Bae sketch map. If you took photographs, copies would
very likely also be helpful.

Carl Bond sent me two collections from Borax Lake, which he seems to indicate
is now called "Hot Lake"”. These line up with the collections we made in 1934, and up to
the present state of our study we feel quite sure that we will recognize the Borax Lake form
as either a distinct species or as a subspecies of Gila alvordensis (the name we have been
using for the type that exists in several other parts of the basin of pluvial Lake Alvordj,

I was thrown for a loop for a time on hearing that you made a second collection
at Red Point. I did not remember that name being mentioned, but I finally found on the
Adel 1:250,000 Adel Map "Red Point School”, which seems to be almost exactly in the
position where Bob and I a few years ago made a large collection in Denio Slough . Of
course we would also like to have details of the collecting area, perhaps with a xerox
copy of your field notes.

I hope that you will be willing to send us your entire collections of the chubs,
because there are some very interesting points in the population structure that we will
want to analyze and detail. Of course if you wish some of the specimens returned or
sent elsewhere than to UMMZ, we will follow your advice and wishes.

Presently it appears that we will treat the Borax Lake chub as a distinct species,
but if not, almost certainly as a distinct subspecies. We will keep you informed as the
rather extensive material is analyzed.

Although currently we are planning on treating the chubs in detail, along with
any evidence on the old hydrographic relations, we will I think feel constrained to make
some remarks about the trout so would be very grateful for hearing of your thoughts
on the trout of the Lake Alvord basin proper, and of the streams to the eastward that
appear not to have actually drained into the Alvord Basin. I do wish that we had a detailed




Dr. Robert J. Behnke 8/14 /72

aA
topographic map of the area, sa the Adel sheet seems to indicate, contrary to some local
information that was given us in 1934, that flood waters from the streams to the east of

Alvord Basin proper lead out into the Snake system. Of course any evidence or thoughts
you have along these lines will also be most welcome.

We are still looking forward to a further jaunt into the area before we publish.

Cordially,

Carl L. Hubbs

cc: Dr. Robert Rush Miller




UNIVERSITY OF CALIFORNIA, SAN DIEGO

BERKELEY °* DAVIS ¢ IRVINE * LOS ANGELES ¢ RIVERSIDE ¢ SAN DIEGO °* SAN FRANCISCO i AR b SANTA BARBARA * SANTA CRUZ

SCRIPPS INSTITUTION OF OCEANOGRAPHY POST OFFICE BOX 109
LA JOLLA, CALIFORNIA 92039

August 16, 1972

Dr. Robert J. Behnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, CO 80521

Dear Bob:

I was delighted to get your letter of August 9, and am holding up a letter
to you I had typed today (the 14th) so that this reply will accompany it. But
when I reached your handwritten postscript I was sorely set back. It isn't wholly
clear whether you preserved duplicate series, nor from which place the specimens
that committed suicide came. Carl Bond wrote, as you will have seen, that you
collected in a reservoir near Hot (Borax) Lake and from Red Point.

You mention that the "lake below Borax Lake had no chubs, but they swarm
in all the ramifying rivulets between the lakes,"; also that "they appear to be
limited to rapidly flowing water at Borax Lake." When I was there in 1934 the
only outflow from Borax Lake was through trenches cut through the rim of the
lake, apparently to yield some forage. When we crossed what is mapped as Alvord
Lake (then usually called Wildhorse Lake), the dust-dry bed exuded so much dust
that we seldom could drive more than about 10 feet before vision was completely
obliterated because the wind was directly at our back. We had to wait for the
dust to clear out or settle, then took another 10 feet forward, to repeat the
performance. As I recall we took over an hour to drive a couple of miles!
Remember that was the great drought year of 1934. TFancy you making a fish habitat
by driving over the area! When we drove up the East Fork of Whitehorse Creek to
get the trout collection we accumulated a quarter-inch of alkali dust on the seats
of the car, despite driving in the heat with all windows tight closed!

Is what Bond called a reservoir really Alvord Lake, or is there an artificial
body in between?

to place it at the spring, labeled "Hot" within the NE corner of T. 37 S, R. 35 E
on the Adel 1:250,000 quadrangle. Does that jibe with your findings?

My notes stated that Borax Lake was 7 miles NE of Fields, which would seem
rne

Qur specimens of the Borax Lake form came in part from the lake margin, but
largely from rivulets on the downslope of the natural dam formed by lake deposits
at the margin.

Your mention of hearing of large chubs in Borax Lake is intriguing, as all
my fish were dwarfs. One small collection sent by Bond had one chub 92.5 mm SL
(about twice the length of any othen -- yet it showed virtually to exaggeration




the oversized head (especially in the muzzle) and other characters of the Borax
Lake endemic. We heard of big ones, and that's why I risked diving into a major
inlet cone on the lake bottom (without seeing any fish).

It certainly now seems that the Borax Lake fish is systematically separated
-- yet definitely derivable from "Gila alvordensis." We have the stream/spring
form from Trout Creek, Pueblo Slough, "Italian Camp Spring" close to the lower
course of Virgin Creek, and from Thousand Creek a bit down the Thousand Creek
trench not far away, all taken in 1934, and from Gridley Spring on the hill slope
above Gridley "Lake" in the generally very dry valley running southward from
Continental Lake, and from an artesian-well outflow close to "Red Point School"
on the Adel map, and from Denio Slough, taken by us recently. We haven't finished
analyzing all these collections, but they looked alike and I believe will be much
the same.

Of course the local people believe the chubs live underground and appear
wherever a well is sunk. We got led to the artesian well on the insistence that
the fish were not there until the well "came in." We did get the chub in the
thick Chara beside the artesian outlet, but also, in abundance, in Denio Slough
at about the same level nearby -- and we took some in the slough in 1934,
Obviously the fish populated the well outlet from the Slough, perhaps at a
high-water stage. This experience is coming to be almost regulation!

Study of the topographic maps (Adel and Vya, each 1:250,000; better not yet
issued) seems to show that Whitewater and Willow creeks fed in flood, and
presumably fed normally in pluvial times, into a separate basin unnamed on the
Adel map with apparently a bottom elevation of 4040 feet. The 4300~-foot contour
seems to intervene between this basin (Whitehorse?) and the rim of the basin of

pluvial Lake Alvord. There 1s, however, a point of possible confusion, near the
center of T. 35 S, R, 35 E, which I would like to look over with my 1-ft. Paulin
altimeter. I have drawn the margin of Lake Alvord along the 4200-foot contour,

as an approximation based on field observations. Hence I seriously doubt that
Whitehorse and Willow creeks had any surface connection with Lake Alvord, at least
in late Pleistocene time., The contours suggest that in time of great torrential
precipitation the depressed-contour area would receive the creeks Jjust mentioned
and could have overflowed into the Snake system. I mentioned in the letter to
Bond (ecc to you) that I was told in 1934 by the foreman of Whitehorse Ranch that
there is a parting of the flows, such that Twelvemile and Antelope creeks flowed
in flood into the Crooked Creek (Snake) basin, whereas Whitehorse and Willow went
in Alvord Desert. Certainly the Adel map must be in excessively gross error,

if that be true -- and I have found the new 1:250,000 maps fantastically accurate.

As I have perhaps mentioned, I found with Bob Miller what I thought to be a
volcanic barrier that dammed the drainage of Mahogany Creek and Summit Lake, cutting
that drainage basin off from Mud Meadow Creek of the Lahontan System, about 10
miles above Soldier Meadows (the unique habitat of Eremichthys acros). An examina-
tion of the Vya 1:250,000 sheet plus limited field observation seems to indicate
that pluvial Summit Lake never rose as high as the 6,000-ft, contour and very
likely never rose high enough to discharge into Virgin Creek, If that is true,
and the Virgin Creek trout (which I sampled in lQBﬂ)are S. ¢. henshawl , they
may well have stemmed from an early introduction. However, there are 4 gaps in
the 6,000-ft. contour between the Summit Lake and Virgin Creek drainages, so only
a critical field study, or more detailed topographic maps not yet available, can
give a definitive answer,




How trout got into Trout Creek 1s another problem, assuming that they are
not of Lahontan origin. The very name of the creek and local testimony (of 1934)
suggest they are native, If their characters have been obfuscated by rainbow
blood it may be difficult to interpret the status or origin of the fish. The
topographic problem mentioned above indeed needs clarification. The indirect
claim of an old resident first stocking Trout Creek is interesting.

I now reread your letter of Amgust 9 to pick up other points.

I found no evidence of chubs in Willow Cr., or Whitehorse Cr. and believe there
were none there in 1934, As I believe I mentioned in a letter to Bond my eyes
picked up the name Fish Creek (a tributary of lower Whitehorse Cr.), but the local
informer insisted Fish Creek is dry and my field notes suggest that cowboy humor
Wwas involved. The high distinctness of what we've been calling Gila alvordensis
is indicative of prolonged isolation.

It is interesting that you too have heard stories of large chubs in Borax
Lake. One collection that Carl Bond sent contains one ripe female 92.5 mm SL
and 10 others of usual size, 25-48 mm (collected by Eric Skov Sept. 11, 1957).
Carl sent me also 30 specimens 20-48 mm long that he and P. E. Reimers collected
Sept. 8, 1967. My collection of July 27, 1934 included only dwarfs (161 specimens
24-39 mm and one 48 mm). Apparently occasional individuals break the bond. The
storekeeper at Fields said that some of 7 inches have been seen and some think
they are blind (the same old unlikely story that we hear over and over all through
the west), It is interesting also that you ran onto the weird idea about fish
living underground, thought blind by some, and appearing where wells are sunk.
Fish do have a strong tendency to head upstream, and when well water flows out to
fish-inhabited water, or when a flash flood connects the well outlet with water
having fish, they just head up. Your account of seining hundreds, none over
3 to 3-1/2 inches long, is exciting, Were the 10 or so specimens you put in a
Jug the ones that committed suicide? Were they the only ones you took at Red
Point? T hope not. You must have been close to where Bob and I made a large
collection in very thick Chara around the well (maybe the same well?). Your
finding of chubs swarming in an excavated pond is interesting (and gratifying),
as is the indication of trout cleaning up the chubs in an adjacent pond. All
of this is grist to our mill.,

We note of course your plan to describe the "Alvord," Humboldt, and Mt.
Wheeler cutthroats as a unit. I suggest that you reconsider the names alvordensis
and Alvord cutthroat, in view of the seeming probability that they strictly do
not pertain to the Alvord system, except for the Trout Creek population, if that
be the same.

As to the relation between speed of publication and the preservation of the
Alvord chubs: first, your evidence doesn't seem to portend the early endangerment
of the two forms; second, we are moving right along and any delay in sight is not
envisioned as very many weeks.

Returning to Trout Creek: I just check the detailed map of Oregon in a
copy I luckily have of the Rand McNally Atlas of 1881, and find "Trout Creek,"
leading into a considerable lake in "Alvord Valley," with "Hay Meadows" just to
the east; and, farther east, "White Horse Meadows," south of an even larger lake
with "Clover Meadows" printed just to the east., Since the material for the 1881
map was likely gathered earlier, we are getting very close to the beginning of
any trout mixup. The case for a trout being native in Trout Creek seems very good,

but whether that trout and the one I took in 1934 and the one there now are the
same can be debated.




You ask if T or Bob want to see your chub samples from Borax Lake and Red
Point areas. I believe this is more than answered already -- in fact was when I
pleaded for you to get them. Since we are making studies of the sex and size
relations as well as characters, we will want to see all available specimens from
the area, especially the full series of any collections -- whatever the final
disposition of the series will be.

Your tentative reference of a trout in an isolated tributary of the South
Fork of the Owyhee is exciting, as is its living at 83° F. I repeat that we will
make a few remarks on the trout in our paper on the Lake Alvord basin and its
chubs,

We are making final MS changes on our North-Central Great Basin "opus,"
likely to go to press in about a month. Hence I'd like to have particulars on
the "desert dace" (we call them "relict dace," Relictus solitarius) from Steptoe
Valley near Ely. Maybe we could add a sentence or two, particularly if you'd
loan me the specimens.

We are interested in what you say about the status of the White River fauna,
and I'm sure Bob will be interested in the fossil centrarchid from near Whitehorse
Ranch. If it had been in the Alvord Basin we would have been even more interested.
Bob and his former students are the paleoichthyologists of the West,

Either Bob or I would be very glad to check the unidentified chub from the
South Fork of the Owyhee.

We have both seen the evidence on the former outlet of the Fort Rock basin.,

This brings me to the "great tragedy" at the end of your letter, the length
of which rivals this wandering epistle.

Many thanks.

Cordially,
‘7M
Carl_I< Hubbs

cc: Robert Rush Miller
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September 1, 1972

Dr. Robert J. Behnke
Colorado Cooperative Fishery Unit

Colorado State University
Fort Collins, Colorado 80521

Dear Bob:
Thanks ever so much for your marvellous assistance.

I am in the throes of decision on whether “wegmmise the Borax Lake chub
(or Borax chub) had better be given subspecific or specific distinction from
the more widespread spring-inhabiting form (Gila alvordensis proper). So while
in that state I'll just pass by the central problem and rush off, for a hope-
fully early reply: on the problem of the exact location of the Nevada collection,
so I can make an entry straight in the "opus." I'll write soon again on the
Alvord chubs. We may rush through a diagnosis of them, for David Marshall's use.

The nice little collection of relict dace (Relictus solitarius) from
"Steptoe Creek (one mile east of Ely)," so designated injyour letter of August
24, is welcome for examination (and return). Your bottle label says "9. Desert
Dace - Undescribed Species/Fish pond Springs and Steptoe Crk./Just East of Ely,
Nevada, White Pine Co./13 July 1972." I believe that you have repeated one or
two of our collections, but to make sure and to map your spot if different let
me explain our collections (either 26 or 28 t+ 29). The locations and other
specifics of these two places are cited on pp. 292-294 of our MS (Xerox copies
enclosed). Or you may have another spot. You say by letter "one mile east
of Ely" but on label give Fish Pond Springs and Steptoe Creek, which, as mapped
on the Quadrangles cited lie about 10.5 km SSE of Bly. I can still insert your
collection record as I'll be going up to the California Academy in a few days
to get in many addenda. So I pray you to make your location clearer, so I can
put the addition in proper place and perspective, with a Collection no., likely
either 26a or 29a. And if you can give me from notes or memory, any more
ecological or other data of the type we have used, I would be doubly grateful.
A prompt reply would be most helpful. Your collection contains 14 specimens
31=75mm. S:L.

The unidentified chub from the South Fork of Owyhee River, in Malheur
County, Oregon, above Three Forks near the Idaho line, which you collected on
June 30, 1972, is clearly a half-grown male of Ptxchoche%%gé oregonensils
(Richardson), and I have so labelled it for return to you. I have checked the
166-mm. specimen with the literature and with series of specimens in the Scripps
Collection from British Columbia. It has the key characters of 2,5--4,2 teeth,
fine scales, dorsal rays 10 and anal 8, elongate snout and Jaws, ete. It is a
pudgy-looking, fat specimen, with much abdominal fat, and does look rather less
rakish than squawfish usually are, but after all, some squaws are also plumps

Cordially,

Carl L. Hubbs




P.5. Thanks also for the BLM map SE-23 of the Alvord Desert area. Before we
wind up I'11l want to map the ancient vs., modern waters of the Alvord Basin

in the same series highly
0! jo) (whether gratis or not).

and some surroundings, and would find other she
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population over a pericd of more than a quarter cantury.

Ccllau%ion 24 (figs. 8, 1l).~--Grass Springs, on Lusettl Ranch, 0.4
km, north of ranch house, on western side of valley about 27 km. north of
Ely, draining into a slough in the flood drainage of Duck Creek; in Sec.
20, To 19 Noy Ko 63 Evj5 White Pine Comunty. J. E. Deacon and party, June

£
(JBD 62-27, in part)s UNLV F169 (155, 21-63 mm.).

sl
Collection 24 was from one of L &&;&r&ﬁ“ springs inhabited by this

A fourth, larger spring supported only Sacramento perch (Archoplites

but, according to Ellen Vallee, the owner's daughter, it also

formerly held ninnows.

Collection 25 (figs. 8, 14).--Upper spring ditch on Dairy Ranch, just
below MeGill (below reservoir used as swimming pool), in Sec, 20, T. 18 Noy
R, 64 E.t Vhite Pine County. Moderately clear water (botiom visibility
more than 1,0 m.): gravel and mud, mostly rather firm; uniformly moderate
currents rather thick bottom growth of Potamogeton cgf/ErL natus and
Vconsiderable floating algse on sides; 25° C. (air 320). Hubbs family,
ugust 23, 1938 (M38-160); UKMZ 124956-57 (367, 13-81 mm.); 15-foot seine

with 1/4-inch square mesh,

o e
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Goldfis ?{oviginally very brightly and variably colored according to

local testimony, but since planting almost totally reverted to wild tvne.

T e T

s

were common hers. John Yelland informed us that goldfish(( arQSQiLM auzaﬁu

had been present for many years, along with nminnows, in a deep hole on the

Dairy Ranch.

Collection 26 (figs. 8, 14).--Several small eprings and a little cresk
on Georgetown Ranch, in meadow just north of rallroad yards of East Ely;

trivutary to Hurray (sometimes corrupted to "Murry") Creek (open sewer of Ely,




Hubbs & Miller 293

used for irrigation on ranch); in Sec. 2, T, 16 N,, R. 63 E.; White Pine
County. Clear water; spongy bottom; minute pools and riffles; generally

choked with Nesturtium and Potamogeton cf pectinatusj water cool. Hubbs

family and Earl Mangum (local game warden), August 22, 1938 (M38-158)3
UMMZ 124954 (403, 15-81 mm.); 6-foot woven-mesh seine. The largest spring,
on south side of railroad tracks, was reported to have harbored many of the

minnows before it was cleaned out and cemented in.

Collection 27 (figs. 8, 14).-~-Ruth Pond, just west of Ruth, in T. 16 N.

(near middle of north border), R. 62 E. Collected about 1964 by Dale V.
Lockard, of Nevada Fish and Game Depsrtment, Wheeler District, Ely (b
specimens, not neasured, received from him March 29, 1965, and returned).
Probadbly the dace had been introduced here, well above the usual valley-bottom

habitats,

Supplementary Collections near Ely.--After the text and maps of this

report had been readled for the press, two additional collections of the
relict dace have just come to our attention. These were collected by Donald
Re Cain of the Ely District Office of the U. S. Bureau of Land Management
and Frank N, Dodge of the Nevada Department of Fish and Game. The specimens
were submitted to Miller for identification. The specimens have been sent
to Japan, through Dr. Teruo Uyeno. The first collection, of 10 specinens,
of both sexes, 43-55 nm. long, was taken in Steptoe Creek 1 mile (1.6 km)
south of Ely, on May 24, 1971. The second collection, of 10 specimens, of
both sexes, 36-73 mm. long, was collected at Fish Pond Spring, on Cr B.
Ranch, at the same spot as Collections 28 and 29, described below, Mr, Cain
raised the question of the possible need for providing a samctuary under
Federal ownership for the protection of the fish at the C-B Ranch, in view
of the danger to the fish imposed by irrigation practices and the removal

of the aquatic vegetation. Miller had already discussed the question with
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James M, Vaughn at ¢-B Ranch in 1969. A sanctuary here for Relictus would
indeed be a propitiocus prospect for the perpetuation of this unique endemic

fish,

Collection 28 (figs. 8, 14).--Springs on "3C" or "CCC" (Consolidated
Copper Company) Ranch about 1.6 km. north of ranch house, at base of
truncated cones clese to Steptoe Creek, sbout 10.5 km. south-southeast of
Ely, near Sec. line 5-8, T. 15 N., R. 64 E.; White Pine County. Very clear
water, of good taste; firm gravel to extremely soft organic mud; slight to
moderately swift, occasionally swift, current; generally choked with

vegetation (Nasturtium, Chara, and Potamogeton cf pectinatus) s g% @, (air

27°). Hubbs family, August 23, 1938 (M38-159); UMMZ 124955 (209, 17-89 mm.);
6-foot woven-mesh seine,

Collection 29 (figs. 8, 14).--In same springs sampled by Collection 28;
shown as Fish Pond Springs on Ely l5-minutes and Comins Lake 7.5-minute
quadrangles: ranch now named C-B Ranch. Very clear water, but easily

muddied; gravel, sand, and deep mud; slight current; dense Chara, Hasturtiunm,

and Potanmogeton cf pectinatusg 157 @, (air 2?0). Miller family, August 17,

1969 (M69-15); UMMZ 188959 (286, 20~79 mm., plus 3 skeletonized, 70-82 mm.;
plus some kept alive for chromosome study); 12-foot woven-mesh nylon seine.
Clearly the rellct dace had maintained abundance here. A more recent

Collection at the same place i1s mentloned above.

Additional FEvidence on the Presence of Absence of Relictus at Several

Iocalities in Steptoe Valley Kot Represented by Collections.
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September 14,1972

Dr.Robert J. Behnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Co. 80521

Dear Bob:

Thanks for your explanatory letter of September 11. It is good to hear
of the status of the dace in the different areas. You did just about what I
figured you probably had done, as we have combed the whole valley pretty
thoroughly. Where we collected nearest to Elgy is in springs just north of
the railroad switch yards on the north edge of East Eley, but I assume that
this is not where you were. The El¢y 7.5 minute§ quadrangle shows some
ponds about one mile east of East El%ay, which is about one half the way to
the course of Steptoe Creek.

On Morday the 1lth, I telephoned to a student at the University of
Nevada, Reno, named Thomas P. LLugaski, because ’Eé heard that he had
in press the description of a Rhinichthys that we were fearful would be one
that we had in our big manuscript. It turned out to be from Big Smokﬁy
Valley, however, from a spring that I worked in 1934, and the form is a
rather dubious subspecies whereas he named it as a species for La Rivers,
under the name of Rhinichthys lariviersi. But then I asked about other
things and he popped right out in saying that he had in press the dace from
Steptoe Valley. This was like a six ton blow on the head. I rather hinted
that we would like to have him hold up the publication, but he said that on
Friday previous to the call on Monday the press was actually running his
paper, and it would be distributed probably on September 15 or 16. And he
figured it would be impossible to get in touch with the press, although he
seemed to be cooperative and willing, quite unlike La Rivers himself. He
did give me the name that he is publishing, which instead of the sweet
name Relictus solitarius is Cyphogrypus antius . So we've got another
hugh job in revising our big manuscript, which we have planned to do in
San Francisco beginning October 5. Tom has several other papers in press,
but I rather think none others that are going to immediately mess things up
for our Memoir, though the poor lad, was seemingly pleasant and cooperative,
has obviously been struggling without any sound leadership. I do hope that
neither he nor anyone else will jump into the Alvord country.

Cordially,

Carl L. Hubbs
cc:Dr.Robert Rush Miller




l‘niversity of Montana

Missoula, IMontana 59801
26 December, 1972

(406) 243-0211

Dr. Robert Behnke

Colorado Cooperative Fishery Unit
Colarado State University

Fort Collins, Colorado 80521

Dear Dr. Behnke:

My student, Gary Reintz, recently received a duplicated letter from
William A. Luch, Chairman of the Research and Projects Committee of Trout
Unlimited. The letter stated that the committee was about to re-evaluate
the projects they had considered for funding, before a final decision was
made. A summary of the Committee's initial evaluation was included in the
letter. It appears that seven projects have been considered, one of them
being that submitted by Mr. Reintz. The Committee's comments on his request
were as follows:

"Mr. Gary Reintz's request for a biochemical taxonomy study on
cutthroat trout sounds like a good study to be tried, but the
Committee felt that Mr. Robert Behnke of the U.S. Fish and Wild-
life Service, was conclusive in giving this a very low priority

in his point of view, and would want a wider response on the
efficacy of this proposal before recommending any type of funding."

This summary of your evaluation of the project came as a surprise to
Mr. Reintz and myself, in view of your listing Gary as a collaborator in
the outline of your own project proposed for the Park Service, and of your
statement (May 23, 1972) that you would urge Trout Unlimited to fund his
project. In the event that the summary from Trout Unlimited is based
upon your earlier views, rather than those expressed in May, I would re-
quest that you so inform Mr. Luch, of the Portland Headquarters of Trout
Unlimited so that Gary's project has some chance of being funded.

Xours sincerely, ’

‘\\L\,\/ /o »f\;( l ; \\_;g‘uv i)

Raymond P. Canham
Assistant Professor
Zoology Department




UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

May 23,1972

Mr. Gary Reinitz
Department of Zoology
University of Montana
Missoula, Montana 59801

Dear Mr. Reinitz:

The situation regarding research on the systematics of westslope and
eastslope cutthroat trout 1is looking brighter and I anticipate some
significant progress this year. The National Park Service has agreed
to provide some funds to finance some of my work directly, and the

U.S. Forest Service will cooperate by hiring students to make collections
for me (Mr. McKirdy said that you will be one of the students hired).

Enclosed is a copy of an outline prepared for the Park Service. You
will note that I have you listed as a possible collaborator. I en-
vision that your emphasis will be the biochemical approach and I will
handle the orthodox examination and evaluation. It would be an asset
to you, however, if you do get experience in the rudiments of standard
jchthyological research. If the cooperation I've been promised materializes
this year, I should have adequate material to be able to pinpoint .
precise areas and populations that are likely to contain the greatest
information content to be investigated by biochemical techniques., By
next year's field season, the information developed and made available
to you should allow you to zero-in on key populations to help answer
the questions posed in the enclosed outline. To do this, you will
need information on protein polymorphism in cutthroat trout and an
evaluation of what proteins hold the greatest potential to reveal
evolutionary divergences and affinities. At present all we can say

is that there must be proteins that are useful for this purpose, but
they are unknown - it will be your problem to discover them.
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There are many aspects to a systematic survey of groups of a geographi-
cally diverse fish. Taxonomy, which consists of diagnosing the dif-
ferentiating characters and ordering the discrete units into a system

of classification, is only a part - but a most important starting point.
You may note my mention in the outline of various selective pressures
that may have influenced the evolution of different 1ife history charac-
teristics, but may not have produced morphological divergence of the

type that deserve taxonomic recognition. It is very important, however,
for the management of the species or subspecies to explore other facets
of the total biology besides morphological or gene frequency data. I
expect that I can handle most of the synthesis of ecological information,
but you should be aware of how evolution operates to diversify and

adapt local groups under different selective pressures, The great danger
of the biochemical approach by a person without an in-depth understanding
of evolutionary biology is that his conclusions may be typological.

That is, by believing he has made the taxonomy more quantitative and
precise, he then assumes that each taxonomic unit can be neatly charac-
terized with a whole set of parameters representative of every member

of that taxon. This just is not so unless you have a taxon like Cyprino-
don diabolis, the Devil's Hole pupfish, in which the entire species
inhabits one small pool and consists of a-few hundred individuals.
Despite the inconveniences I have caused you, I hope it has been worth-
while in that you have developed a more comprehensive outlook on the
problem you are undertaking and have established a clearer outline of
your goals and how they may be accomplished. As you may see in my
geographical breakdown of the upper Columbia and upper Missouri basins,
it is likely that you will have to include specimens from outside of
Montana to get at the problem of the number of diverse groups of native
cutthroat trout involved, their affinities and taxonomic status, Because
you are planning to skip the M.S. thesis and make the study a Ph.D. work,
I think it is feasible to expand your original study area to get at a
larger problem. I should have some ideas on this matter next year

after the specimens collected this year are examined and evaluated and
the information synthesized,

I don't underestimate the potential of biochemical methods to make very
significant contributions to a better understanding of trout systematics
and taxonomy, but studies to date haven't been very useful or relevant
to specific problems. The emphasis has been on microevolution (or
population genetics) and not ﬁ_detecting more major evolutionary di-
vergences between geographically isolated groups. I have a paper on
systematics of salmonid fishes of recently glaciated lakes scheduled

to be published in issue number 6 of the Jour. Fish. Res. Bd. Canada.
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In this paper I cite some specific examples where biochemical tech-
niques are likely to provide the information not available from
orthodox studies., I maintain an open attitude and it will be up.to
you to produce convincing evidence that your techniques can provide
ful information to complement my morphological, anatomical and zoo-
geographical information and arrive at-a correct interpretation of
the evolution and taxonomy of cutthroat trout of the upper Columbia
and upper Missouri river systems. If you honestly believe you can
accomplish this, I will urge that Trout Unlimited fund your project.

Sincerely yours,

Robert Behnke
Assistant Unit Leader




UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
Colorado Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

April 14, 1972

Mr. Gary Reinitz
Department of Zoology
University of Montana
Missoula, Montana 59801

Dear Mr. Reinitz:

For your proposed study of Montana cutthroat trout, I would urge that
you give serious consideration to expanding the proposal to encompass

a more thorough systematic survey that would more likely provide valuable
information on the status and management of the native trout than could
be had from a population genetic study revealing the allelic frequencies
of one or two proteins of a few populations. You will need to sharpen
the focus on your goals and objectives. For example, you wrote that
your goal: "is to study isolating mechanisms which might exist within
and between populations of westslope cutthroat, rainbow trout and their
hybrids'. You mentioned you would pattern your study of isolating
mechanisms after that of Hagan's on sticklebacks. I would agree that the
stickleback work of Hagan (and also McPhail) is an instructive model.
However, you assume that there are isolating mechanisms between west-
slope cutthroat trout and rainbow trout; I doubt that there are. Based
on several years of observation, I would predict that you will not

find a single example of a population of native westslope cutthroat
coexisting in the same habitat with introduced rainbow trout without
hybridizing. If you do know of such a situation it would indeed make

a worthwhile graduate research project; but, if I am correct, and you
find no sympatric, reproductively isolated populations of cutthroat and
rainbow trout - then you have no isolating mechanisms to study and you
must change your primary goal. I believe the only isolating mechanism
between westslope cutthroat and rainbow trout is physical isolation - if
they occur together they will hybridize.

You could make a major contribution if your study resulted in providing
significant information on the taxonomic status and distribution and
abundance of westslope cutthroat trout. For such a study you would

not place complete reliance on protein electrophoresis. I have examined
samples of westslope cutthroat from the Arlee hatchery and from Dean
Creek (both in Flathead River drainage). They agree very closely and
are somewhat distinct from most other interior cutthroat trout, par-
ticularly in their spotting pattern and a tendency for slightly fewer
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vertebrae. This suggests to me that a cutthroat trout, slightly dif-
ferentiated from those I am familiar with from the Rocky Mountain region,
is native to the Flathead River drainage. Are the native cutthroat trout
of the Clarks Fork and Kootenay drainages of the Columbia River basin
essentially identical to the Flathead drainage cutthroat? How much
variability is present between pure populations of these drainages
encompassing the range of westslope cutthroat? If the westslope cutthroat
does seem to comprise a relatively uniform group, how does it compare
with the cutthroat native to the headwaters of the Missouri basin and

the South Saskatchewan drainage? Should the currently recognized

Salmo clarki lewisi be revised into two or more subspecies? What
environmental factors favor the flourishing of native cutthroat trout -
what ones are innimical to their perpetuation? A research project
designed to help answer the above questions will entail much more

than biochemical taxonomy. It will take field work and assistance

from interested state and federal agencies and the development of
knowledge of systematics, zoogeography and the geologic history of

the area. You expressed doubts on the efficacy of standard taxonomic
methods for trout classification and for recognizing hybrids. I agree
that it will take time and practice to develop a thorough familiarity
with the specimens you work with, but once you have adequate experience
you can recognize characteristics of different closely related groups

much as you could pick out your close friends and relatives in a crowd

of other Homo sapiens. Enclosed are copies of some reports and cor-
respondence relating to character analysis of closely related groups

of trout and of hybrids. With the information I have now, I believe I
would have no trouble in separating westslope cutthroat trout (Flathead

R. drainage at least) from rainbow trout, Yellowstone cutthroat trout

and any combination of their hybrids. Your reference to Gordon Hartman's
thesis and the fact that he fould little difference between rainbow

trout and cutthroat trout in scale counts and pyloric caecal counts was
due to his choice of parental stock. There is much variability in
polytypic species such as S. gairdneri and S. clarki. If the fine

scaled Kamloops trout are included in S. gairdneri, then, as Hartman
found, S. gairdneri may have more scales than some coarse scaled popula-
tions of cutthroat trout. There still were specific diagnostic characters,
such as basibranchial teeth, the cutthroat mark and vertebral number

that would have served to distinguish the samples of the two species

used by Hartman. In Montana, the native cutthroat may be differentiated
from the introduced rainbow trout by having 25-50 more scales in the
lateral series, 10-15 more scales above the lateral line (it takes

some practice to make these counts with any accuracy), 1-3 fewer vertebrae,
typically 9 vs. 10 pelvic rays, the presence of basibranchial teeth in
cutthroat (alizarin red staining and binocular scope necessary for
accurate counts). Also, with some practical field experience you will
observe quite distinct differences in spotting, coloration and development
of the cutthroat mark between cutthroat trout, rainbow trout, and their
hybrids. You wondered why, if these characters really work to distinguish
cutthroat from rainbow trout and to recognize hybrids, no one in Montana
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Fish and Game and the BIM has used them. The reason is simply that

these agencies do not employ anyone knowledgeable in systematics or
taxonomy. Besides myself there is only one other person, Dr. R.R. Miller
of the Univ. of Michigan, who is actively engaged in the study of the
classification of North American trouts. We have the field pretty much
to ourselves, but there is so much to be done, I certainly wouldn't

try to discourage anyone from joining us.

I do not suggest that you abandon protein taxonomy, but the real op-
portunity to excel in your field is to develop a sound knowledge and
experience in systematic biology and utilize protein taxonomy to answer
specific questions posed from detailed systematic studies. I would
view this much like using a rifle to hit a clear target instead of
shooting a shotgun at the side of a barn in hopes that something in-
teresting turns up. Very few researchers publishing on biochemical
taxonomy of fishes, are well grounded in systematic principles, nor

do they fully comprehend the subtle differences between systematics
(study of evolution) and taxonomy (the art of classification), .1
attempted to emphasize this point in my 1970 paper in the Transactions
of the American Fisheries Society (99:237-248). You must keep in mind
how one should evaluate the evolutionary implications of protein in-
formation as applied to a system of classification. This is not always
critically and wisely done. For example, the paper noted in your
letter by Payne, Child and Forrest on Atlantic salmon concluded that
the allelic frequency data on transferin demonstrated that North American
and European salmon did not interbreed. Knowing anything at all about
salmon biology, this is not an astounding conclusion. However, these
authors extended their findings to the taxonomy of Atlantic salmon and
named two new subspecies. The names are not valid because of their
ignorance of the rules of taxonomy, but beyond this, to formally revise
the taxonomy of salmon based on information of a single gene locus is
complete nonsense.

Dr. James Wright (Penn. St. Univ.) told me that he found differences
in allelic frequencies in brook trout sampled from different areas of
the same stream. This is an interesting demonstration that the brook
trout in this particular stream do not form a freely interbreeding
population, but in fact consists of semi discrete units. Evidently,
ecological conditions inhibits gene flow in this situation. The fact
remains, however, that this information tells us nothing about the
taxonomy of Salvelinus fontinalis. Let us suppose that you found
different alTelic frequencies between samples of Montana cutthroat
from an upstream site and a downstream site in the same stream. How
would you interpret such results?

Perhaps the best reference to illustrate how protein data can be used
to provide vital supplementary evidence for fish taxonomy concerns the
sympatric pairs of whitefish (Coregonus clupeaformis) in several North
American lakes. Lindsey, Clayton and Franzien. 1970. Zoogeographic
problems and protein variation in the Coregonus clupeaformis whitefish
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species complex. In: Biology of Coregonid Fishes (Lindsey; C: €.\ wand
€.5. Noods, ‘ed . 3itiniv, Manitoba Press, discusses their findings on
allelic frequency of three proteins in whitefishes to answer the question
concerning the origin of sympatric pairs. Are two ancestral species
involved or did each member of a pair evolve independently in each
glacial refuge area? This was a situation that could not be adequately
handled with orthodox taxonomic study. However, carefully note how

the plan of study was developed and carried out so that: specific
questions concerning specific populations from specific areas were
posed for the biochemical technique to be applied. This is an example
illustrating the analogy I mentioned above of using a rifle instead

of a shotgun to zero in on the target. It was the systematic and
zoogeographic knowledge that made the target clearly definable.

There have been several good papers published in recent years on bio-
chemical studies as applied to the interpretation of evolution, par-
ticularly in such journals as American Naturalist, Systematic Zoology
and Comp. Biochem. and Physiol. (1971, no. 2, vol. 39B:195-202 has an
article by Ronald and Tsuyuki on hemoglobins of cutthroat and rainbow
trout). The recent literature should help stimulate new ideas. For
example, I have noted that where ecological separation of cutthroat
trout and rainbow trout exists in the same river system, the cutthroat
populations are always associated with higher elevations (about 10,000+
ft in Colorado) and the rainbows at lower elevations. The most reason-
able explanation is that the cutthroat genotype is better adapted to
optimally function at lower temperatures. An article by Somero and
Hochachka (1969. Nature, 223:194-195). reported that rainbow trout

have two sets of LDH enzymes, which function at different temperatures
(one adapted for high temperatures, one for low). If cutthroat trout
are more finely adapted for colder waters I would suspect that their

LDH enzymes would optimally functiorjat lower temperatures than the

LDH of rainbow trout - and this should be detected by electrophoretic
patterns. This type of '"functional" biochemical analysis is an exciting
area of study. Plant geneticists have been active in relating protein
polymorphism to adaptations for specific ecological niches. Richard
Koehn has attempted to interpret his biochemical data on suckers (Cato-
stomus) in relation to selective advantages of the allelic condition.

I have my doubts about his conclusions but it is interesting. You can
read the paper by Smith and Koehn (1971. Systematic Zoology, 20(3):282-297)
for a review of his views and as an example of using standard techniques
and biochemical data in a numerical taxonomic study of suckers.

You cited Nyman, 1970, Jour. Fish. Res. Bd. Canada, 27:229-236. Evi-
dently, this citation is in error. I could find no paper by Nyman on
electrophoretic analysis of salmon and brown trout in the Jour. Fish.
Res. Bd. Canada. I would appreciate the correct citation.
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Mr. Richard DeLong is the person who has been working on his Ph.D.

research on salmonid proteins. Delong has been using immunoelectrophoresis
and double diffusion. He teaches at Graceland College, Lamoni, Iowa, and
continues his research during the summer. He was recently here for a
visit and I asked him to write to you about his work.

It is apparent that a M.S. thesis can't fully complete the type of
systematics project I envision would be necessary to adequately determine
the status of all the native trout of Montana. However, I believe you
can design a proposed plan of study that would at least set the stage

for a more comprehensive study (perhaps a subsequent Ph.D. thesis) and

at the same time provide valuable information on the distribution,
abundance and status of the indigenous cutthroat trout of Montana.

I have agreed to examine and render an opinion on samples of Montana
cutthroat trout (as time allows) sent to me by state and federal agencies.
I would also be willing to examine samples used in your study. I think
it is evident that if I did not want to encourage you I wouldn't have
taken the time to write this letter. However, I do not want to encourage
another simple allelic frequency thesis; university library shelves are
filling up with too much trivia. To do such a project without the
systematic knowledge necessary to interpret and evaluate the results

is analagous to encouraging a graduate student in art to duplicate a
classical painting by dabbing in colors over numbered zones. For your
own educational experience and as a foundation for your future career,

I would urge you expand your proposal to develop relevant information on
the status (both taxonomic and vulnerability to extinction) of the
indigenous cutthroat trout of Montana. George Holton, and personnel

of the Forest Service, Park Service and BLM should be most willing to
help make the project a success. Key areas must be mapped out where
surveys can be made to determine the distribution and abundance of
cutthroat trout. Samples taken and analyzed until a semblance of the
evolutionary history is apparent. Mr. Delano Hanzel of the Kalispell
office of Montana Fish and Game, should be helpful with his field
experience and graduate study of Montana cutthroat trout. Then if you
find electrophoretic patterns to be a useful tool, all to the good.

If not, you still have plenty of material for a valuable thesis.

I talked with Andy Sheldon about the problem of an acceptable proposal
that might resolve two conflicting points of view - macroevolution and
microevolution. Of prime importance in your case, is to have the goals
and objectives of your proposal designed to conform to the goals and
objectives of the funding agency - Trout Unlimited. I believe I could
phrase a major T.U. goal to be the promotion and perpetuation of native
trout populations. In Montana, as far as native cutthroat trout are
concerned, the goals of T.U. and Montana Fish and Game are the same.
They both desire a management policy that would expand the populations
of native trout. The overwhelming obstacle to initiate an intelligent
management program for native trout is their confused taxonomic status.
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A research project designed to provide information on the systematics

of the native trout - their diagnostic characters, degree of variability,
within and between major drainage basins, distribution, abundance, and
taxonomic status, would be a worthy contribution to the goals end Ul

and Montana Fish and Game. This would essentially be a macroevolutionary
study. The cutthroat populations of the headwaters of the various major
drainage basins may have been genetically isolated for several thousand
years and the Yellowstone group has likely been separated from direct
continuity with other Montana cutthroat since before the last glaciation
or perhaps 25,000-50,000 years. The type of population genetics study
you have proposed to determine allelic frequencies in local populations
is not likely to make a contribution toward solving taxonomic problems
and providing insight into the evolutionary events of the past 50,000
years.

The ideal situation would be to have one graduate student conducting

a standard systematic-zoogeographic project while you would concomit-
tantly emphasize the biochemical aspect but with particular reference
to proteins useful for interpreting evolution and genetic differentiation
during the past 10,000-50,000 years or more. By a copy of this letter;
I will inquire with George Holton about the possibilities of the U.S.
Forest Service funding a systematic project of Montana cutthroat trout,
designed to complement your proposal. I would request that you discuss
the points raised in this letter with your committee and Andy Sheldon
and send a revised proposal with objectives that more realistically

are aimed at a better understanding of the systematics of Montana cut-
throat trout.

Sincerely yours,

Robert Behnke
Assistant Unit Leader




UNITED STATES
DEPARTMENT OF THE INTERIOR

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
Colorado Cooperative Fishery Unit
Colerado State University
Fort Collins, Colorado 80521

August 23, 1972

Dr. Richard L. Wallace
Department of Biological Sciences
University of Idsaho

Moscow, Idaho 83843

Dear Dick:

Ted Bjorn delivered your letter in Portland. (Thanks for
the slides of Priest L, cutthroat). I was happy to hear of the
progress being made in collecting samples of suspected pure populations
of native cutthroat trout,

You mentioned a problem of clearly defining objectives for
a research propesal. I would envision your contribution as a part
of a comprehensive systematic study ef the genus Salmo in western
North America, More precisely your work would cover the middle-
upper Columbia River drainage of Idaho to provide information and
documentation in the following areas. How many species, subspecies and
behavioral types (anadromous, resident fluviatile, migratory fluviatile,
lacustrine, etc.) are we dealing with and what were their probable
original and present distributions including factors that threaten their
perpetuation. At present, it is generally assumed that the native
trouts of the upper Columbia River basin consist of anadromous
steelhead, S. g%dneri and interior cutthreat trout, S. €larid
lewisi, The evidence 1've put togethsr revesls that the cutthrost
trout probably comprise at least three subspecies and that another
species;, a fish I cell the redbanded trout, is native, at least in
the Owyhee drainage. For a firm foundation of factual information
on these fishes, we must detail the distribution and dlagnostic
characters of each, For S, gairdneri, not much needs to be done.
Its former distribution is f’EIrIy well documented and its present
distribution and perpetuation is related to dams blocking migration,
The only problem is that some of the populations considered as S.
gairdneri msy actually be the rédbanded trout. If so, the most likely
areas where redbanded trout may be native would be the Owyhee, Payette
and Bolse drainages. It would be important to know the distribution
of redbanded trout in the Columbia basin and if they might have
anadromous "steelhead" races. The redbanded trout may resemble a
highly coleored rainbow but have higher scale counts and a chromoscme
number of 58, For this aspect of the study, samples of probable
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native trout from the Owyhee, Payette, Boise and lower Snake drainages
would be importent. The cutthroat trout of the upper Columbia basin
are the most complex group, because they have been there longer and
have had more oppertunity to diversify in different glacial refugia
and have utilized diverse invasion routes to inhabit their presemnt
distribution., I think we are making progress, however, in delineating
the various evolutionary lines involved. The Salmon-Clearwater
drainage cutthroat appear to be similar to the Clark Fork-Flathead
cutthroat - or what is commonly celled the "westslope" cutthroat.
Their taxonomic position must awalt comparisens with the cutthroat
trout of the Kootenay, South Saskatchewan and upper Missowri basins.
This is the group you have been most actively working on. Above
Sheshone Falls, there are two quite distinect forms of cutthroat

trout. The large spotted cutthroat, I believe, was derived from

the Bonneville basin, and the fine spotted cutthroat perhaps evelved
in a glacial ice lake, probably framn a "westslope" ancestor. We

don't know the precise distribution of these twe forms, nor the
factors that promote their reproductive isolation in a continuous
environment. I will be collectingthe upper Snake drainage in September
and hope to make some progress on this most fascinating aspect of the
overall study. There is one other important group of native cutthroat
that about which almost nothing is known, They were native to the
iselated streams of the Snake River lava plains., Do they still exist?
Are their affinities with the westslepe, upper Snake large spotted or
upper Snake fine spotted cutthroat?

Collections from probably pure populations, goed field notes,
color slides and recording of meristic characters will form the basis
of the study. Your emphasis has been on the Salmon-Clesrwater drainage
cutthroat, a most important gap in the overall study. If you were
to be funded and expand your work, I would suggest coverage of native
populations of the Owyhee, Payette, Boise and lower Snake tributaries
to determine distribution and characters of native cutthreoat trout
and the possibility that redbanded trout are native there. Also, it
would be important to learn as much as we can of the native trout of the
isolated streams of the lava plains. I will concentrate on the upper
Snake River for my samples and may have some more precise information
and suggestions for future collections after this year's field trip.

From a practical point of view, the body of information we develop
can apply to answer specific questions on threatened native trouts -
theirtaxonomic status, degree of purity and distribution and this
information would be available for impact statements when a dam is
proposed or some other environmental disruptions are anticipated.
Don Chapman has suggested you direct a proposal teo the Bursau of
Sport Fisheries for funding. I would support the justification of
your project because it is supplemental to my own studies on rare
and endangered fishes - one of the high priority missions of the
Bureau. I have just been transferred to the Division of Research,
ostensibly to have more time and support to continue and expand my

studies on rare or threatened fishes, In my discussions with Bursau
people, I pointed out that in a comprehensive study, such as the
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systematics of western Salmo, no one man or laboratory can do an

adequate job in a lifetIme--there is just too much ground to cover.

I have been receiving excellent assistance from a multitude of

contacts in state fishery agencies, Park Service, Forest Service,

BLM and Bureau biologlsts, making key collections from all over

the west, and using student help, I have an assembly line operation,
recording data from the samples as they come in. Your request

would be the first that involved the expenditure of Bureau funds to support
my work with outside help, and I can't predict the outcome., A

major factor in the appropriation of new funds is the degree of

urgency of a situation. My comprehensive survey of western trouts

is plammed te prepare for and stay ahead of emergencies, so the information
is available when a crisis arises. It would seem that your project

would make a valid NSF funded teaching type proposal. That is, by
collecting the specimens and taking sabbatical leave to spend a winter
quarter with me while I teach the ichthyology course, you would

develop the refinements and depth of research in systematic biology

and learn the content of an ichthyology course, taught by a

professional ichthyologist. From this your teaching skills and

value to your University would be enhanced.

My summer's field work was most productive. I have sufficient

material to complete description of three rare subspecies of cutthroat
trout from the Great Basin. Also collections of redbanded trout

from Malheur River and South Fork Owyhee drainages in Oregon and
Nevada. I made a collection of cutthroat from a tributary of the
Raft River near the Idaho-Utah border - they appear to be the

large spotted upper Snake form.

Sincerely,

Robert Behnke
Assistant Leader




Department of Zoology

University of Montana

Missoula, IMontana 59801
(406) 243-0211 11 May 1972

Dr. Robert Behnke

United States Department of Interior
Bureau of Sport Fisheries and Wildlife
Colorado Co-operative Fishery Unit
Fort Collins, Colorado 80521

Dear Dr. Behnke:

Many of the points you brought out in your letter were very helpful, and as a
result, I am currently revising my thesis proposal. It will consist of a systematic
survey using meristic as well as biochemical characters to determine variation with-
in and between trout populations. Meristic characters were originally omitted from
my proposal because one person can process only a limited amount of data. Also, I
was not aware that information concerning the physical characters of trout from
various drainages in western Montana was so limited.

I am still opposed to doing a purely descriptive study of trout using only
physical characters, partly because I have a strong interest in the field of genetics,
but also because I do think that you have understated the case for a biochemical
approach to the problem. You say that using standard taxonomic methods you would
have no trouble in separating westslope cutthroat trout from rainbow trout, Yellow-
stone cutthroat trout, and any combination of their hybrids. I believe that this
would be quite impossible if the hybrid was, say, 7/8ths westslope cutthroat and
1/8th rainbow, (i.e. when the fish had one great grandparent of the other species).

In other words, there are an infinite number of degrees of hybridization, and classi-
cal taxonomic methods are incapable of detecting even relatively high amounts of
introgression. This is not the case with biochemical methods, in which one can
examine the direct gene products of a large number of loci, rather than the indirect
products of the few loci which control morphological and anatomical characteristics.
Nevertheless, I do feel that a study combining biochemical and classical methods of
analysis could provide valuable information on the systematics of the native cutthroat
trout. I would, therefore, propose to use electrophoresis to complement and extend
the information provided by the classical techniques.

Your letters and papers have helped me understand the limited value of a
microevolutionary study to a management program designed to help preserve the
westslope cutthroat trout throughout western Montana. I hope that my new proposal,
which should be completed in the near future, will better satisfy your ideas on
the type of study that deserves the support of Trout Unlimited.

I am planning to go directly to a Ph.D. from a B.A. and so I will not be con-
cerned with dividing my research into two separate studies. I do realize, however,
that to carry out a study to answer even a few of the questions of the type posed
in your letter would take a great deal of work. With this in mind I think it would
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be wise for me to plan an intensive study of meristic characters of various
populations, to be followed by an electrophoretic study to further clarify any
interesting and important problems that arise much as you have suggested. This
should help me get directly at key problems in the systematics of westslope
cutthroat trout, without narrowing my research at an earlier stage to questions
which may prove unimportant.

When I spoke of isolating mechanisms between rainbow and cutthroat trout,
I did not have in mind using sympatric, reproductively isolated populations of
rainbow and cutthroat trout. I believe that you are probably correct in stating
that no such population exists in western Montana. I was suggesting a study to
better understand the geographical and ecological isolating mechanisms which
separate the two species, and thereby to better discover the envirommental factors
that favor the perpetuation of native cutthroat trout. I am sure that you will
agree that a detailed knowledge of such factors could prove valuable to any
management program.

I would like to apologize for citing Nyman's article incorrectly. The
correct citation is Nyman, 1970, Trans. Amer. Fish. Soc., 99: 229-236.

Thank you for your cooperation. You will soon receive a revised copy of
my research proposal and I trust you will judge it worthy of T.U. support.

Sincerely yours,

Gary Reinitz

Copies to: Dr. Tom Huff
Mr. R. P. VanGytenbeek
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Josepii A. Rooney

& John P. Poston
P.O. Box 417
Elliston, ME., 59728

Dear Jay and John

Enclosed, find letter from Dr. Robert Behnke of the Bureau of

Sport Fisheries and Wildlife to your George Holten of Montank
Dapartment of Fish and Game. I think it is rather self explanatory
and I would hope that after vou have had a chance to look at it,

you would use your influence to protect what apparently ig a pure
atrain of cutthroat trout in Silver Creek. As you two are well aware,
there are precicous few pure strains of anything left and if we have
an opportunity to preserve this particular population, I think it

is encumbant upon us to do sgo.

2\
I look forward to hearing from both of vou, especially as
plans for 1972 and specifically what I can do to assist.

Sincerely,

P, zé"mt; Gutenbeeck
Executive Director
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United States Department of the Interior

NATIONAL PARK SERVICE

Glacier National Park
West Glacier, Montana 59936

IN REPLY REFER TO:

N1423 April 6, 1972

Dr. Robert J. Behnke,

Assistant Leader

Colorado Cooperative Research Unit
Colorado State Univ,

Fort Collins, Colorado 80521

Dear Dr. Behnke:

Mr. George Holton of the Montana Fish and Game Department has recently
contacted me concerning your request for cutthroat trout collectioms.

In particular, we discussed the need for specimens from the Saskatchewan
River drainage and I indicated to him that we would make every effort

to collect from this area in Glacier National Park.

In addition to this area, we would also be interested in making col-
lections from both the Missouri River drainage and Flathead River
drainage. As you are aware, the status of the cutthroat in certain
sections of the Missour River drainage is unknown and we are quite
concerned that the Missouri River cutthroat may no longer exist in
their pure form in Glacier. Status in the Flathead River drainage
appears to be considerably stronger.

With regard to the Flathead River drainage, we have a number of
drainages with large lakes in which the cutthroat appears to be
indigenousdi Several of these lakes have received only minor numbers
of planted fish some 40 years ago and I feel it would be of real
value to know the genetic status of these populations. With your
concurrence, I would like also to submit collections from these areas
of the Flathead River Drainage.

You indicate in your information leaflet that you can provide Ional
to assist in preserving specimens. In addition to this chemical,

I was also interested in the method for killing fish following
capture.

I am looking forward to hearing from you.

) E ? e :‘3
V£ o el & el

Clifford J, Martinka
'Research Biologist

'y
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UNITED STATES
DEPARTMENT OF THE INTERIOR

NATIONAL PARK SERVICE
GLACIER NATIONAL PARK
WEST GLACIER, MONTANA 59936
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Dr. Robert J. Behnke,
Assistant Leader

Colorado Cooperative Research Unit
Colorado State Univ,

Fort Collins, Colorado 80521



DEPARTMENT OF ZOOLOGY THE UNIVERSITY OF ALBERTA
= EDMONTON 7, CANADA

July 18, 1973

Dr. R. Behnke

Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado

Uz S A 80521

Dear Bob:

Many thanks for your letter of July 6. I was extremely interested
to learn of your hybrid sucker finds and pleased to receive the reprints
of your fine work. I hope some of the hybrid specimens were saved.

Most cutthroat trout populations in Alberta are regrettably not
native in the strictest sense of the word. In addition, our collections
are poor. On August 15, 1961 I made a collection of what appeared to be
native cutthroats (27) from Lower Wasootch Beaver Pond, Kananaskis
system (you should have my 1965 paper in JFRBC 22(3) on the fishes of
that system). The collection is being sent under separate cover on loan
by the museum staff. The original label was somehow lost from the bottle
but I do recognize the fish.

I believe that Cas Lindsey had two students (Pletcher and Ricker)
collect high altitude trout in eastern B. C. in the early sixties. Those
specimens plus others should be at University of British Columbia. Tom
Northcote may also have collected some.

Needless to say I'll greatly look forward to the results of your
studies.

Very best wishes.

Yours sincerely,

'

14

; ,ﬁﬁﬁé%//
4 3.8, /Afelson,

v

Associate Professor

JSN:wk

ce: Mr. N. Panter,
Museum Curator




UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE

Kaniksu National Forest
; P.0. Box 490
Sandpoint, Idaho 83864

-

Dr. Robert Behnke

U.S. Dept. of Interior FW5
Colorado Cooperative Fishery Unit
Colorado State University

(Fort Collins, Colorado 80521

Dear Dr. Behnke:

Thank you for your prompt analysis of the Brett Creek and South
Granite Creek samples.

I do not know the status of the culvert on Brett Creek. I recommende/
that the Brett Creek population be kept separate from the Coeur d'
Alene River population. The timber sale on South Granite Creek has
been cancelled. Also, there has been pressure by a sportsmen club

to plant South Granite Creek above the falls. Hopefully, the club will
rescind their recommendation once it is explained that these cutthroat
are possibly one of two pure native fisheries in extreme eastern
Washington. The South Fork Salmo Creek is suspected to have a pure
strain.

As I come across suspected pure cutthroat strains, I will send them
to you. North Idaho and Western Montana offer several possibilities.
I should be able to get samples from the Kootenai drainage.
Sincerely,

T}{[L YL ) </ (\7 "';f\#’ \

JAMES L. COOPER
Zone Fisheries Biologist

6200-11 (1/69)




Universityofldaho

College of Letters and Science
Department of Biological Science
Moscow, ldaho/83843

Phone (208) 885-6280

April:12, 1973

Dr. Robert Behnke
Cooperative Fishery Unit
Colorado State University

Ft. Collins, Colorado 80521

Dear Bob:

I am enclosing a list of cutthroat I collected last summer and others available to me
in the collection here. I hope to get additional material this summer and fall. Thank
you for the progress report on the westslope cutthroat.

I have a few questions and problems that need some clarification in my mind. First,

I have the feeling that I am not moving forward as fast as you would like. I teach 2
courses per semester, advise about 50 undergraduate students and do the many other
chores as required of a university teacher. I also have a mountain whitefish study, a
sculpin study and am involved for most of the summer with a sediment transport study
(OWRR funds) in cooperation with Ted Bjornn. I do not have much time right now to
spend on the cutthroat. I have started to make some of the specific counts on cutthroat,
but have not progressed very far as yet. If you feel this will be too slow to meet dead -
lines for your overall study, let me know and I will send you some of the samples to
analyze. I envision that part of my sabbatical research would include obtaining the
meristic data on various populations of cutthroat from central and northern Idaho. This
would appear to be the first order of business. Next, in cooperation with you, this data
needs to be analyzed in relation to that from other populations of 'westslope cutthroat",
mainly from Montana. I would judge that next we can draw some conclusions as to the
formal designations of subspecies, which should open further areas of study.

I have generally anticipated that I would come to Ft. Collins and spend most of the spring
of 1974 there helping to do this work. I had not planned, at this time, to bringiss my
family because of the short duration of my leave. I thought I could find an inexpensive
place to stay for the 4-5 months I would be there. I had hoped that you will be there

most of this time and we would work together on parts of this project. Is this general
plan about as you see it?

The more I think of the overall plan, the more I believe that I should make a trip to
Colorado to see you sometime this June. By then I could have made some of the counts and
could be checked out on accuracy. I could bring some samples also.

My last question involves a possible project after some of the systematic studies are
completed. We have a new cell biologist, specializing in muscle physiology, in our department.
He is capable and interested in doing a biochemical taxonomic study of proteins of fish. I

gave him some of your publications to read and he agrees completely with you that such studies
must be conducted only in conjunction with sound classical systematics studies. He agrees




that this is only one of many tools available to a taxonomist. Further, he stated that with

the equipment we have here, he can study and determine molecular weight differences of
highly purified protein sub -units of 300-500 daltons or so. He also can determine differences
in electrical charges in the native proteins. His first thoughts were of muscle protein,

but since reading your articles, he thinks the same thing could be investigated using blood
(Haemoglobin) and maybe other proteins (LDH). I think a study of this has some promise
after there is a better understanding of the basic relationships of the various populations

of native cutthroat in the upper Columbia basin. What do you think? He and I will

probably initiate some preliminary analyses of muscle protein of North Idaho cutthroat

this summer to work out procedures. I could probably get some coastal cutthroat for
additional preliminary work. He has looked at some of the literature in this area (Canadian
work) and believes we could do the same thing with cutthroat, once the overall problem comes
into better focus. Once a definite study is outlined along these lines, do you think there would
be funding available? I am afraid that unless we can show some very obvious immediate
practical application, such a study may be too sophisticated for Idaho Fish and Game.

Thank you for any time you can give in answering the above questions.

Sincerely,

i

Jie /</

Richard L.. Wallace
Assistant Professor of

Zoology

RLW: pdw

P. S. I have shown the cell biologist copies of your two letters to Mr. Reinitz at Montana.




Wallace

Cutthroat Specimens
Available

April 973

I have collected the following samples of cutthroat trout last summer and fall:

1 King's Lake Washington - 20% specimens supposedly a pure stock, originally
from Priest Lake, Idaho. Stocked in King's Lake in 1940,

Rochat Cr. -above a waterfall - diversion dam built in the 1920's. Presumably
a pure stock of cutthroat in the St. Joe -Spokane System. 20%* specimens;
presumably no past association with rainbow trout.

M, F. Salmon River -15 J: specimens

Fish Lake - upper N. F. Clearwater River 10% specimens - presumably above
barriers to steelhead migration

S Ball ., Tribs Kootenai R, =D20% Supposedly pure, above a waterfall

Jé"c’a‘.i.:.‘yl.“‘“&-i"
I have the followingl\specimens available for study.

i1 Pack Cr., tributary Locksa R., Clearwater River, ¥ 50 specimens. Evolved
in association with steelhead.

N.F. Clearwater River 15 + specimens. Steelhead have been in the system.
Elizabeth'Cr. ; Trib. N,F, Clearwater R;, 20 i+

Upper St. Joe River, 15+ specimens in two collections, main river and a tributary;
Rainbow a&sed to be stocked in this area.
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Universityofldaho
College of Letters and Science
Department of Biological Science

Moscow, ldaho/83843
February 7, 1973 Phone (208) 885-6280

Dr. Robert Behnke
Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado

Dear Bob:

After a long delay I have finally found some time to drop you a line and

fill you in on what I have been doing. First, my sabbatical leave proposal
was accepted by the committee and sent on to the faculty council. They
also recommended approval. So, unless there are some very significant
funding problems, I assume that [ have been granted the leave for next
spring semester. [ have not sent the proposal to the BSF & W as yet. I am
thinking along the lines of asking for funds for the summer months following
the sabbatical leave.

I have found out about a stream in the North Fork of the Coeur d'Alene
River that has been untouched by man. The Forest Service man 1# éﬁte
biologist believeg that there may be a pure cutthroat population inhabiting
it. I will get a collection from there this summer or fall.

I am enclosing a slide of cutthroat taken last fall from Ball Cr., trib. Kootenai
River, Boundary Co., Idaho. You may add this to your collection.

About all for now. I will keep you posted on my activities.

Sincerely,

4

Richard L. Wallace
Assistant Professor of
Zoology

RLW:pdw




6500
United States Department of the Interior

BUREAU OF LAND MANAGEMENT
Dillon District
P.0, Box 1048

Dillon, Montana 59725

February 13, 1973

Dr., Robert J, Behnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado 80521

Dear Dr. Behnke:

We are very appreciative of the literature pertaining to status
and taxonomy of cutthroat trout,

We are enclosing a map which depicts land administration in Montana.
We are concerned primarily with lands in the Dillon District, though
I'm sure other Districts would be interested in cooperating.

Please indicate areas which may be significant for native trout
studies, We anticipate additional sampling this summer, as part
of the input to our planning system,

Sincerely yours,
/'—\

G

N / eI s
P 1% _«,»;:if»{'.:f }:‘;/L—';;/ P \‘ e
s %

Jack A, Mclntosh
District Manager

Enclosure: (1)
Map




Dept. of Zoology
University of Montana
Missoula, Montana
August 24, 1973

Dear Dr, Behnke:

Thank you for the copy of Wernsman's thesis. As to
your report on the westslope cutthroat, I am in complete
agreement with the distributions that you have suggested
for the westslope and Yellowstone cutthroats. My data
does indicate more simllarities between the cutthroat
found in the head waters of the Missourl and Clarkfork
drainages than either fish has for the cutthroat found in
Yellowstone Lake. o

As for the techniques used, populations sampled, and
degree of separation found, I will gladly send you a copy
of my thesis in the near future.

I did not receive any suprort from T.U., but did
get a grant from the Montana Cooperative Wildlife Unit.

Sincerely yours,

qQ ﬁLL~i%?::
S

Gary Reinitz




Dept. of Zoology

University of Montana

Missoula, Montana seso1

Dr. Robert Behnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Collins, Colorado

80521
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UNITED STATES
DEPARTMENT OF THE INTERIOR Rate Sheels

FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE

March 5, 1973

Dr. Robert Behnke

Cooperative Fishery Unit
Colorado State University
Fort Collins, Colorado 80521

Dear Bob:

Fish and Game personnel feel that the specimens from Crater Lake
may well represent an "uncontaminated" native stock. The specimens
from Tron Mine Creek are believed to probably be pure, while the stock
from Rock Creek might have been "contaminated" by plants.

Sincerely,

ey ,/' #
75, /¢,

William R. Gould, Assistant Leader
Montana Cooperative Fishery Unit




DEPARTMENT OF ZOOLOGY ; THE UNIVERSITY OF ALBERTA
: EDMONTON 7, CANADA

July 19, 1973

Dr. R. Behnke
Co-operative Fishery Unit
Colorado State University
Fort Collins, Colorado
U.S.A. 80521

Dear Dr. Behnke:

Specimens to be sent:

Salmo clarki - 26 specimens - UAMZ #52 Lower Wasootch
Beaver Ponds, Kananaskis River, Alberta,

August 15, 1961.

Collected by J. S. Nelson.

Yours sincerely,

Y

Wayne Roberts,

Acting Curator of Fishes
Museum of Zoology
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UNITED STATES DEPARTMENT OF AGRICULTURE
FOREST SERVICE

Flathead National Forest
Kalispell, Montana 59901

2610
February 7, 1973

Mr. Robert Bohnke

Colorado Cooperative Fishery Unit
Colorado State University

Fort Golling, ‘Celorado 80521

Dear Bob:

The westslope cutthroat collection should have included a
sample from Gateway Creek. I did not collect the fish but
I have a slide of fish from Gateway Creek, so they were
collected. They may have been listed as "Big River Meadows"
which is a meadow on Gateway Creek.

The cutthroat from Whale Creek were probably stocked above
the falls. The information from Fish and Game indicates
cutthroat were stocked in 1948, 1949 and 1952. Whale Creek,
below the falls, is closed to fishing and should have a

good population of migratory fish from Flathead Lake. ILower
Whale Creek could be sampled to see if the "westslope"
cutthroat dominates below the falls. ILet me know if you
think this is desirable.

Fish from the following streams on the Flathead Forest were
sent to you:

Big Creck, Qgal Creek, Hay Creck., Whale Creek,
Tuchuck Creek, Uppergin Creck. Puzzle Crogle
Spotted Bear River, Bunker Creek, Harrigon Creek,
Miner Creek, Clack Creek, Trail Creek, Gateway
Creek (Big River Meadow), Basin Creek, /Alder
Creek - Good Creek, and Griffin Creek.

This list may help you determine the unknown stream.

In addition to the fish samples collected, five streams
were checked where no cutthroat could be found. Silvertip
Creek and the Spotted Bear River above Dean Falls had no
fish present. These are wilderness streams and natural
barriers have prevented fish from entering them. Both

6200-11 (1/69)
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streams are large drainages and could support significant
fish populations.

Hand Creek had only brook trout. ILost Johnny Creek and
Lost Jack Creek did not have any fish in the areas checked.
The lower 3/4 mile of Lost Johnny Creek has cutthroat from
Hungry Horse Reservoir. ILost Jack Creek is mostly dry and
no 'fish  couldibeyTound.

If you find you need some more samples from the Flathead,
let me know. I would like to have better inventory informa-
tion and this is one way to get it.

If you have any more gquestions or need assistance to collect
additional samples, do not hesitate to ask.

Sincerely.

é ;,i»;//% ;,( CZ/-'@%/

OSBORNE CASEY i
Fishery Biologist




SUBJECT:

OPFIONAL: FORM NO. 10
MAY 1962 EDITION
GSA FPMR (41 CFR) 101-11.6

UNITED STATES GOVERNMENT

Memorandum

Dr. Robert Behnke S Marehi 9561973
Colorado Cooperative Fishery Unit

John D. Varley, Fishery Management Biologist
Yellowstone Fishery Services, Wyoming

Restoration of Grayling in Grayling Creek

While in Cheyenne last week we meant to get together and talk over a few
more items in greater detail. We looked for you on Friday but to no
avail.

Attached is a copy of our proposal for the restoration of grayling in
Grayling Creek. It assumes that we will be able to find and identify
the endemic stream-dwelling/stream-spawning from of grayling in the
Lower Gibbon-Upper Madison system (as opposed to the lake-dwelling/
stream-spawning strain in Grebe and Wolf Lakes).

If we were to initiate a study on these two forms (morphological) could
you help us in developing a criteria for study? Evidently you told

Jack that you have a system where by it is possible to.make this distinc-
tion with some forms of cutthroat. Any aid you might be able to give us
would certainly be appreciated.

You might also be interested in knowing that there is strong evidence that
the Tepee Creek system above Tepee Falls (see the attached grayling report)
is "clean" of any known introductions and reputedly harbors a cutthroat
similar to the one above the falls in Grayling Creek. We hope to look

at it next summer.

Can we expect to see you in these parts next summer? If so, would you
mind jotting down a list of waters you may be interested in collecting
in so that we can plug it in our planning.

Also, if you have any 'mew handouts' on your current thinking about this
cutthroat thing, we would appreciate your sending us a copy.

Well, thanks for any help you can give us on the grayling business and
best regards.

e
o \;Z /2'%
ohn D. Varley

Savings Bonds Regularly on the Payroll Savings Plan
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ST A T R S

A Proposal for the Restoration of Grayling (Thymallus arcticus) in
Grayling Creek, Yellowstone National Park and the Gallatin National
Forest,

This report explains the concept, rationale and offers a proposed

approach for the restoration of the grayling, Thymallus arcticus, in

a portion of Grayling Creek in Yellowstone National Park and the
Gallatin National Forest in Montana., The proposed plan suggests
the destruction of all fish life in 15,3 miles of the stream
between two falis on Grayling Creek and below the falls on Tepee
Creek, followed by plantings of the native grayling genotype.
Preliminary work is suggested to begin‘in the spring éf 1973 and
‘would ultimately require the cooperation of four agencies: the
Bureau of Sport Fisheries and Wildiife, the National Park Service;
thé U.S. Forest Service and the Montana Fish and Game Department.
‘The éupport of local sportsmen, guides énd other intefested parties

Would also be actively sought.

'Most of Grayling Creek lies in the northwestern'corner of Yellowstone
Park. The stream issues from a series of peaks in the Gallatin
Mountains and flows approximately 16.5 miles within the Park and

another 4.5 miles outside the Park before entering the Grayling”vf

Arm of Hebgen‘Lake.

Grayling Creek is condidered a good candidate‘for reStoration because
it historically held grayling, its chemical, phyéicaljand biolégical
characteristics indicate that it is suitablevgrayling habitat

(Appendix I), and there aré three natural barriers (low falls) which




should prevent recontamination by non-native species. The fishery
in the section proposed to be restored is a stretch of roadside
stream (primarily) which has been overexploited by anglers and is

presently considered a poor sport fishery.

There has becn some question in the past as to whether or not the
section of stream within the Park indeed ever had grayling stocks.
[t is sugpested that the circumstantial evidence gives strong
support to the idea that the upper limit of grayling distribution
incluﬁud that section of the creek in the Park in the vicinity of
US Highway 191:
1. The name Grayling Creek suggests that the species was once
present (Appendix II).
A National Park Service Fish Distribution map appended to
the 1940 Annual Fish Planting Report shows the species as
occurring in Grayling Creek within the Park (see Appendix
IT for a discussion of this point).
In 1891, the emminent icthyologist David Starr Jordan included
grayling on his fish distribution map as being in the Park

(see Appendix IT for a discussion of this point).

"Old-timers" in and about West Yellowstone speak of the old

days of great grayling populations in Grayling Creek at

least as high as the present-day Parade Rest and Atwood

Ranches (see Appendix I1).

Kendall (1915) and Smith and Kendall (1921) include grayling in
Grayling Creek in the publications 'The Fishes of Yellowstone

National Park' (see Appendix II).




Even if it were conclusively shown, or there was reasonahle doubt
that grayling did not historically exist in the portion of Grayling
Creek within the Park, thére remains a significant point: the endemic
.Madison River (system) grayling race (genotype) may be the most
endangered native fish form in the Park. This native stream-—
dwelling/stream—spawniﬁg form is either extinct altogether or remains
‘4n some form as a threatened reminant population in the Upper
Madison-Lover Gibbon Rivers. 'The‘grayling stocks of Grebe and

Wolf Lakes in Yellowstone Park are thought to 'be descendants of the
Red Rock . Lakes (Monténa) genotype énd would be thus,; a 1ake;dwelliug/
’»étream-spawning‘form; There is evidence that natural selectlon has
produced a stréam~dwe1ling/stream—spawning genetic form from the
Grebe-Wolf Lake stocks and that it now exists in tﬁe Uppér Gibbon

yrRiver. If there has been reproductive isolation between the Upper

Gibbon form and the Lower Gibbon-Upper Madison remnant group then the

native genofype still exists. _If there has been emigration from the
Upper Gibbon to the Lower Gibbon-Upper Madison then the present
geﬁotype is probably an édmixture. In any event, the Lower Gibbon-
‘Uppér Madison grayling is distinctive in that it shouldibe the closest:
known form to the original genotype and deserves protection and/or

a more secure niche in which to live. Middle Grayling Creek should
provide the‘conditions necessary for that purpoée. Within Yellowstone
Park, this section of stream could restore the endemic cutthroat—
grayling—scuipin species complex that was once common to the area and

now exists in no known water,

. There are three known falls on the Middle Grayling Creek system which




are complete or partial barriers tokthe upstream migration of fishes
(Figure 1), Above the falls on both Tepee and Grayling Creeks there
is '‘good evidence that the original fine-spotted cutthroat exists in
its pﬁre form. Below these falls there are known to be rainbow—~v
cutthroat hybrids and brown trout. 'Trout are not reported to be

. present in Little Tepee Creek although it appears that it isklarge
enough toysupport them, ' Below lewer Grayling Falls (Figure 1)ia
dlverse mixture of native and non-native species and hybrlds exist.

Gr ayling have not been reported anywhere 1n the ‘ystom for many y”ﬂhu-

Proposed Plan ‘and Time-Table

Spring and summer, 19731 Initiate feasibility studies regarding the
‘fcollectlon of prespawners, the pOSSlble taxonomlc dlfferences between

kfthe Lower Glbbon~Upper Madison stock and the Grebe Lake—Upper Glbbon

th,stock and contlnued asseSSment of the Grayllng Creek watershed.‘ﬂ

H:APIOJect to ‘be terminated or rev1sed based on the results of the 1973

: studles.

;Spring; 1974.' ﬁake an ' 1hten51ve effort Zt colleet pre-spawnrng"
‘h:grayllng from the Upper Madlson and Lower Glbbon Rlvers. Hold in h
> 11Ve cars untll they can be art1f1c1ally spawned., Eggs to be
tranqported toa hatchery and reared there for approxlmately one ‘hh

year.,,

'In the event that‘toe‘few pre-spawners anduegge are‘eollected from
the Lower Gibbon and Medison;area; supplemehtal eggs'may be‘neededv

from the Upper Gibbon if the mixing'of geﬁotype is desirable~or‘
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necessary.

Summer, 1974. Continue feasibility studies of the Grayling Creek
system including further‘fish distribution surveys, flow studies,
bioassays, etc,  If it is determined that the project is no longer
feasible, the grayling in the hatchery should be planted into the

Lower Gibbon ' as yearlings..

Late summer-early fall, 1974. Eradicate the sections of Grayling and
Tepee Creeks between the three falls with liquid antimycin to remove

allofishilife,

Fall, 1974, Survey treated sections with electrofishing gear to

ascertain the success of the kill.

Spring, 1975. ' Again attempt to collect pre-spawning grayling from

the Lower Gibbon-Upper Madison system and transport these adults

directly to the barren sections of Grayling Creek.

Early summef,ll975, “Plant yearling grayling (from the hatchery)

in the sections between the falls.
Late summer-early fall, 1975. Post-restoration evaluation sampling.
Discussion

The proposal to restock using both hatchery-reared and older aged




wild grayling is justifiable on several points:

1. Thete is good evidence to support the idea that there will be
rapid colonization by the cutthroat of the barren section from
above (especially young—of—the—year). It would be desirable
for the introduced grayling to have a "head-start! in terms of
size and age. This,‘in tufn, should guarantee the grayling
having prime food and space—llnked territories.

To expect success in the experiment 1t would be necessary to

stock enough individuals to;provide‘for both a minimum‘popula~

tion size in the genetic sense and a minimum population size

,in the numerical sense."It'is‘not expected that enough adult
~transplants could be obtalned to satlsfy these two requlremtnts
vw1thout the 1nput of hatchery"reared fish

- The poor surv1val of grayling eggs, fry and flngerllngs 1n’
‘1ot1c waters is well documented., Ttdis thought that yearl1npsa
of sultable 51ze and from a sultable straLn, 1n a seml—barren
stream should produce a signiflcant‘flrst year survtval.‘ I is
further assumed that llttle or no flrst year mortallty WQuld
take place w1th the adult transplanted<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>