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A PRELIMINARY STUDY OF THE PROPOSED WHITEFISH TRANSPLANTING IN

WESTERN COLORADO WATERS 

Date of Survey - March 1938 

(C. N, Feast, Jr. Aquatic Biologist)

I N T R O D U C T I O N

The family of fishes, Salmonidae, contains two well marked sub- 
families: the Coregoninae (whitefishes and herrings), and the Salmoninae 
(salmons, charrs and trouts)»

Coregoninae,

a. Mouth not deeply cleft, the mandible articulating with the 
quadrate bone under or before the eye; dentition more or less feeble 
or incomplete; scales large or moderate.

b* Jaws toothless or nearly so; scales large; maxillary short 
and broad, with broad supplemental bone.

c. Premaxi1laries broad; the lower jaw short and more or less 
included; cleft of mouth short., Pros opium.

(l) Head 4-J- to 5; depth 4 to 5; D, 10 to 12; A. 10 to 12; 
scales 9 or 10 - 78 to 88 - 7 or 8; maxillary short and very broad, 
reaching orbit,.,• • • • . , . . , . • « , « • • , , . Williamsoni.

The Rocky Mountain whitefish, Pros opium williamsoni, is, among 
other waters of the western part of the United States, native to th© 
Tlihite and Yampa Rivers, which are tributary to the Green River, which 
flows into the Colorado. This species'attains a length of a foot or 
more and a weight of about four pounds, though the average is very much 
less.

The most common local name for the whitefish in the region of 
these waters i3 '’grayling." This is strictly in error, as the grayling 
belongs to an entirely different family, namely, the Thymallidae, and 
in order to clarify this error, the following description of •the gray
ling is given:

Body oblong, somewhat comprossed; head rather short; mouth 
moderate, terminal, the maxillary extending beyond the middle of the 
eye, but not to jaw; vomer short with small patch of teeth; teeth on 
palatines; tongue nearly toothless; dorsal fin long, rather wavy and 
colored with red and red-orange spotting.



OBJECT OF STUDY

A movement is under way among many of the sportsmen of the 
Colorado River drainage to secure the transplanting or stocking of 
whitefish from the White River to the upper waters of the Colorado, 
mainly the Roaring Fork and Eagle Rivers.

A preliminary survey was conducted to ascertain the feasibility 
•f this transplant and to arrive at conclusions that would be for or 
against the proposal, or that would specify alternate action.

METHOD OF STUDY

An effort was made to study the whitefish environment of White 
River and compare the results with the findings of similar studies in 
the upper Colorado tributaries. The feeding habits of the whitefish 
were studied in order to determine the kind of food they preferred and 
to gain some knowledge as to what extent they are competitors to the 
trout.

Each stream was divided into lower and upper sections for 
analysis, and where possible, the main tributaries were studied. At 
each section a station study was made, which included a physical study 
to determine the flow, pool grade, shade and shelter grade, extent #.f *
riffles and widths and velocities of the stream in general. The pools 
were graded according to type most desirable to whitefish, with size 
being a supporting factor. The general conditions of the watersheds 
were studied and compared.

Chemical tests were made, which included the hydrogen ion con
centration (pH), the percent of saturation of dissolved oxygen and the 
contents of both free and bound carbon dioxide.

Square-foot food counts of the number and volume of aquatic 
organisms were made on the bottom in a riffle section of the stream. 
Averages were computed. The percent of riffles in the* section was 
estimated to arrive at a figure of food production per acre. The 
organisms were recovered by agitating and washing all rocks, etc., 
within the square-foot area. Water velocity washed all disturbed 
organisms into a collecting net placed immediately below. Food volume 
was figured by displacement.

• The type of stream bottom was noted in each case.

The color and turbidity of the stream were'noted, and particular 
attention was given to presence of mine pollution, if any.

The presence or absence of parasites was noted.
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Many local sportsmen were contacted to obtain their viewpoints 
on the desirable or undesirable qualities of the whitefish. Also, 
their opinions regarding the whitefish in comparison with the trout 
were solicited* They were asked for information concerning the life 
and food habits of the whitefish insofar as they had-observed.

GENERAL DBSCRIPTION OF DRAINAGES SURVEYED

The White River.

The White River heads in the 'White River National Forest in 
northwestern Colorado, draining waters of the White River Mountains 
westward into the Green River and thence into Colorado River. The 
watershed of the headwaters is moderately covered with pine, spruce 
and aspen, while the slopes of the lower reaches are rather^steep^and 
are sp'areely covered with oak brush and aspen. .The main tributaries 
are South Fork, North Fork and Marvine Creeks. Trappers Lake,: famous 
for its native trout, is located at the headwaters ox North Fork. • The 
White River is an excellent stream from a fish environment standpoint.
It changes its direction often, and is well supplied with productive 
riffles and pools• As to rainbow trout waters, the lower section 
would probably be classified as one of the best.

The whitefish is'native to this stream, together with the black 
spotted cutthroat trout, the rainbow and eastern brook being intro
duced. The whitefish are very abundant and their evident prolific 
habits have kept up the population from year to year* • They are very 
popular in the White River Valley, as they provide a great sport to 
the winter fishermen, and large numbers have been taken, during past 
months of January and February. It is locally, reported that one  ̂
famous pool provided 5,000 fish by fair count to the fishermen during 
the winter of 1937 and 1938*

The Yampa River»

The Yampa River heads in northwestern Colorado in the Routt 
National Forest. It drains waters of the north slopes of the White 
River Mountains and the Continental Divide at this section, into tho 
Green River, which flows into the Colorado. The drainage, as a whole, 
is very similar to that of the White River, the thicker vegetative 
covering being at the headwaters only.

The whitefish is also native to this stream, the upper limits 
of its range probably being near the town of Steamboat Springs, Colorado

The Upper Waters of the Colorado River.

The Colorado River flows through the west central part of 
Colorado, and its principal upper tributaries arc the Roaring Fork and 
Eagle xvers9 which head in the Holy Cross Forest* ?



The Roaring Fork drains the north slopes of the Elk Mountains 
and the west slopes of the Sawatch Mountains. The town of Aspen is 
located near its headwaters# The Frying Pan and the Crystal Rivers 
are its principal tributaries.

The headwaters are principally covered with pine, spruce and 
aspen, and gneiss or granite is the basic geologic structure. The 
lower slopes are comparatively steep and moderately covered with 
pinon and oak brush. The geologic structure is principally red sand
stone. There is evidence of a good deal of erosion occurring on the 
lower slopes and of quite a variation in seasonal run-off.

The Eagle River drains the west slopes of the Gore range and 
■"the general watershed conditions are quite similar to those of the 
Roaring Fork.

The black spotted native trout is reported as being indigenous 
? io these waters, and no occurrence of the whitefish was noted. It is 
•‘'possible that the excessive muddiness of -the lower waters of the Green 
River and of the Colorado River prevents the migration of the whitefish 
from the Yampa and White Rivers to the waters of the Roaring Fork and 
Eagle Rivers. The Shoshone Power Dam, located on the Colorado River 
above Glenwood Springs, Colorado, constitutes an impassable barrier to 
fish migration. Accordingly, no fish can now migrate from the waters 
of the Roaring Fork to the upper waters of the Colorado; however, it 
is believed that above this point, migration in the upper Colorado is 
•possible, even to the waters of Grand Lake.

These waters are famous for their trout production and a great 
deal of stocking has been done to maintain them. In late years, how
ever, the grade of fishing is reported as deteriorating, the reason 
for which is probably improper management according to yield and 
demand. Also, mine tailings which are dumped into Roaring Fork above 
Aspen have absolutely ruined the trout fishing in this stream for 
many miles*

PHYSICAL, CHEMICAL AM) BIOLOGICAL CONDITIONS

In the forepart of this section, general discussion only will 
be presented, A complete tabulation will be given at the end. This 
method is adopted to eliminate duplication and to offer comparison at 
a glance.

White River.

Two stations were selected for study: one about three miles 
above the town of Meeker, and the other about five miles below Buford. 
Mud and snow made it impossible to reach the headwaters by trucks for 
survey at the time.
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This river drops about thirty feet per mile between these 
stations, and is abundant in riffles and pools. Shelters or fish 
retreats are abundant, but shade is comparatively sparo®.

Ihg food grade is excellent, the average sample yielding 
about 4.1 cc per square foot. It is estimated frcm this f^pd count 
that the White River will support about 5,000 adult fish per mile, 
considering a practioal allowance for food supply carry-over and_ 
reproductien. The bottom is principally rock and rubble, whioh is 
very productive in stone fly nymphs, May fly nymphs and caddis fly 
larvae. Thè sculpin'-fish (cottus) was found to be quite abundant.

' The water is high in bound carbonates and is of a high pH.
It is predicted that the temperatures are not too Icfw in the summer 
and that the potential growth factor of the fish is high. The per
cent of dissolved oxygen is satisfactory. -

Several whitefish were taken on the hook and line, using small 
stone fly nymphs as bait on a No. 10 snell hook. T he fish were taken 
on March 7, 1938, by a licensed fisherman and donated to the observer 
for his study. The stomach contents of two of the fish taken are 
listed as follows!

No» 1 - Caught five miles below Buford in a deep pool.

No. 2

125 - Caddis larvae 4.5
4 »• May fly nymphs 0 .2
3 - Stone fly u 0.5
1  - Midge larvae 0.0

5.2

Length - 15 inches

Weight 1 lb. - 4 oz.

Condition factor c " 2300 x W
L3

5 .89

Annulus - 4 /

Sex •* Male

Caught in s ame place.

>40 - Caddis larvae 0.6 cc
46 «* I iptera 0.1 M
3 - Stone fly nymphs 1.0 ”
9 - May fly nymphs 0 . 6 ’*

Miscellaneous 0.5 ”



Length 12 inches

Weight 1  lb. - 0 oz* •

Condition factor 1.35

Annulus 3 /

Sex Female

Studies of scales presented evidence that the whitefish is a 
rather consistent feeder and evidently does not have a pronounced 
growing or abstaining*, season« The annulus was quite plain, however»

Considering the stomach and scale analyses, it is concluded 
that the whitefish is a definite food competitor to the trout*

While netting for bottom organisms, several sculpin fish (cottus) 
were captured* These fish are small and are excellent large trout food* 
The stomach of one cottus, eight ems* in length, was examined, in which 
the following organisms were contained:

In a very small way, this fish is a competitor to other fish, 
but due to the fact that it provides a source of bulky food to the 
large trout, it should be protected.

The White River is an excellent stream for rainbow, due to the 
high-grade of pools and riffles and favorable food and temperature 
conditions. It now contains whitefish, rainbow trout, native trout 
and the sculpin. For the most part, the rainbow are restricted to 
the lower waters and the natives to the upper waters, especiallv in 
Trappers Lake. The whitefish range from Meeker to what is locally, 
known as Stillwater, on the North Fork* Local fishermen report that the 
whitefish spawn in Stillwater in latter September*

Yampa River*

No chemical or 'physical s tudies were made of this river, except 
to measure the pH and note the general character of the watershed* The 
pH of tho water graded 7*4 and the drainage is very similar to that of 
the White River.

The whitefish is also a native of this river and its range is 
from the lower waters to about Steamboat Springs. Elk Creek is prob
ably one of its important spawning streams.

The reporter talked with several of the sportsmen in the town 
of Steamboat Springs, and their general opinion was that most of the 
sportsmen in their vicinity do not favor the whitefish and do not

4 Stone fly nymphs 0.15 cc
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desire to fish for it# They also expressed the opinion that there 
is increasing opposition to the open season in the winter months#

As to the habits of the whitefish, local sportsmen informed 
the reporter that they preferred the deep pools adjacent to swift 
waters and that their food consisted principally of stone fly nymphs 
and oaddis fly larvae.

Several sportsmen were questioned and they stated that no 
whitefish had been taken out of Williams Fork to their knowledge.

Roaring Fork of the Colorado.

Tests were made of this stream at three stations, (l) of 
the lower waters about four miles above Glenwoodj (2) of the central 
waters in the vicinity of Woody Creek road bridgej and (3) of the 
headwaters just below Aspen, Colorado.

The gradient of the river is about forty-two feet per mile 
and is abundant in riffles, but is not so high in the deep pool grade 
as the White River. In fact, there is a great difference in the two 
rivers in this respect. Shade is rather spares, but shelter would be 
regarded as good.

The water color is rather whitish, and the turbidity is slightly 
murky. This is due to colloidal sediments in suspension as a result 
of mine tailings which are dumped into the river out of Castle Creek. 
The bottom is principally rock and rubble, with very little gravel.

The watershed of the lower portion is principally red sand
stone, moderately covered with pinon, cedar and some oak brush. The 
slopes are quite steep and there are evidences of erosion. The volume 
of the river at the lower station on the day observed was approximately 
450 cubic feet per second. From high water marks and estimated veloci
ties, it is estimated that as much as 15,000 cubic feet per second may 
flow during periods of high run-off.

The pH of the water is high and the bound carbonate content is 
also high. Food counts were high, samples averaging about 7.8 cc per 
square foot of bottom, of the lower sections.

All evidence points to the fact that the whitefish ma^ do well 
in the Roaring Fork. All conditions, except pool^grade and high vari
ation of run-off, are very similar to the White River, and if mine 
pollution continues* the whitefish may even do better than'the trout, 
as the history of the.upper Green River indicates that the whitefish 
do better in whitish water than the trout.

The intermediate station study demonstrated that pollution 
sedimentation took place to quite an extent, as far as ten miles below 
Aspen, and that the settling of the colloids took place throughout the 
entire stream below the pollution source. The stream bottom at this 
section was a decided white color, which is very undesirable from a
trout environment standpoint.
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The volume of the flow was measured at 160 cubic feet per second.

Bottom samples produced an average of 2,5 cc of organism per 
square foot. The bottom is principally rock and rubble.

The station study just below Aspen revealed a good deal of sewage 
pollution. The bottom is principally rubble, granite and gneiss rock, 
indicating that the geologic structure of the upper water is of these 
rooks. The watershed is covered principally with pine, spruce and aspen.

The pool grade at this location is fair. Shelter and shade grade 
would be classified as average. At this point of the stream the pH and 
the bound carbonate contents are considerably lower; however, they are 
well above the neutral stages.

The food count average was not so high, the production per square 
foot of bottom being 1.75 cc. It is estimated that low summer tempera
tures may be a contributing factor to slow fish growth. This should be 
further studied by actual survey, however.

.. This section of the river did not appear so suitable for the 
whitefish.

Castle Creek.

This creek is a tributary to the Roaring Fork a short way below 
Aspen. It is the stream into which gold milling tailings are dumped.
Two stations were selected for study in this stream: (l) just above the 
source of pollution; and (2) just below the source of pollution.

The water above the pollution is clear and free of sediment. \The 
pool grade is fair and the shade is good. Probably the temperature is 
low throughout the year, as average food counts produced only 0.3 cc per 
square foot of bottom. The bottom is principally rock and rubble.

The oxygen content is satisfactory. The free and bound COg con
centrations are both high. The pH was measured at 7.6.

The flow was measured as thirty cubic feet per second. The snow 
in the timber was scaled at thirty-six inches deep.

The mill tailings that are dumped into the stream are very thick 
and are of a light white-gray color. Chemical tests failed to detect 
the presence of cyanide, but revealed that 14.1 ounces of sediment by 
weight are being carried by the stream per cubic foot of flow. From the 
report, it may be seen that many tons of mill tailings are being dumped 
into the Roaring Fork each hour the mill is in operation.

The pollution does not change the chemical conditions of the 
water, with the exception that the pH is raised from 7.6 to 8.0/«
There were about six inches of sediment covering the entire bottom 
of the stream and tests indicated that no food organisms are growing 
in the stream at this section*



During the test for oxygen content, it was noted that when the 
alkaline potassium iodide was added to the manganous solution of the 
water, the resulting precipitate took up all of the sediment, leaving 
the balance of the water clear of turbidity» This may suggest that 
chemical treatment may be possible to rid the water of its sediments 
before it is admitted to the stream# This assumption is only hypo-* 
thetical, however*

Frying Pan River*

The Frying Pan River is one of the important tributaries of 
the Roaring Fork, and is one of the famous trout streams of this sec
tion of Colorado* It traverses a watershed very similar to the 
Roaring Fork itself, the upper drainage being granite and gneiss 
and covered with fir, spruce and aspen, and the lower slopos composed 
principally of red sandstone, covered with cedar, oak brush and pinon*

The station for study was located at the Holy Cross Forest 
boundary line* The flow was measured at twenty-five cubic feet per 
second, with a good deal of evidence of a high flow in periods of 
high run-off* The pool and shelter grade was judged as average, and 
the bottom is composed of rock, rubble and gravel* The stream at 
this point was clear in color and turbidity*

The water is fairly high in oxygen and bound carbonates* Food 
organisms averaged 3*00 cc per square foot of bottom*

This stream may be suitable for whitefish* Chemical conditions 
are similar and there is a reasonable amount of deeper pools* Also, 
above the forest boundary the stream flows through a flat area and 
creates a long Stillwater section for several miles that is very simi
lar to the stillwater section of the Tfhite River# This section may be 
satisfactory for whitefish breeding grounds* This fact should not be 
taken as positive, however, until further knowledge is gained regarding 
the breeding habits of the whitefish*

Eagle River*

There is also a good deal of enthusiasm among many of the sports
men in this vicinity to introduce the whitefish into this river* It 
flows through similar country to tho Roaring Fork, but its lower waters 
get rather muddy during rainstorms and spring run-off*

A station study was made above the town of Eagle at the mouth of 
Red Canyon* The flow was measured at approximately 100 cubic feet per 
second* The pool grade is average but shade is sparce* The pools are 
relatively deep and shelter may be classed as averaged# The oxygen 
and bound CO2 content is satisfactory* Food organisms average 1*62 cc 
per square foot of bottom#

This section of Eagle River may be suitable for whitefish, but 
pn account of an apparent lower food content, they may be a very detri
mental competitor to the trout*



Gore Creek,

This stream is one of the important tributaries of the Eagle 
River* It is a good trout stream and the reporter noted a good many 
fairly deep holes and productive riffles. The shade and shelter were 
graded as average. The volume of flow was estimated as thirty cubic 
feet per second. The pH measured 8.0

Average food counts produced 1.50 cc per square foot of bottom* 
Ga one of the tests, a five-inch sculpin fish was captured. This dis
covery pretty well establishes the fact of the range"of the cottus 
throughout the Colorado River drainage.

This stream may be suitable to some extent for the whitefish.



SUMMARY OF SURVEY FINDINGS - PHYSICAL

tt Av.
Name of Stream ; Section {Width

t v_______

Av.
Telocity

Volume 
Cu. Ft. 
Per Sec.

Pool
Grade

Shade
Grade

Shelter
Grade Bottom Color

Riffle
Grade

SLower 100 1 250 1 3 2 Ro-Ru Clear 1
White River k ' , - ...

¡Upper 100 1 200 2 3 2
Ro-Ru-
Gr Clear 1

:No physical 
Yampa River ;survey made

. *
i Lower 50 6 450 2 3 2 LRoirRu Whitish 1

Roaring Fork :Intermediate 50 • 3| 160 2 - 3 1 2 - Ro-Ru Whitish 1  - 2
A-t ......
:Upper 15 3 - 3 37 2 - 2 2 Ru Clear 1 - 2

; Above 
:pollution 15 3 30 3 1 2 Ro-Ru Clear 2

Castle creek .Below
:pollution 15 5 • 30 3 1 2 Ro-Ru Vihite -
¡Near forest

Frying Pan River ;boundary 25 4.0 75 2 2 2 Ro-Gr Clear 1

¡Mouth of Red
40 2.5 100 2 3 2 Ro-Ru Clear 2

:One mile above 
Gore Creek :moutii 15 2 / 2 2 Ro-Ru Clear 2
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S U M M A R Y
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The results of the survey regarding the whitefish in the Whit© 
and Yampa Rivers and the transplanting of this fish to the upper 
Colorado River are summarized as follows:

1» The fish environment and food grade of the White River are 
excellent*

2* Whitefish are abundant in this stream, but it is estimated 
that the stream does not have so large a trout population as it should,

.3 , The whitefish are native to the White River*

4* They are also native to the Yampa River*

5. The food grade and trout environment of the Roaring Fork 
are excellent, except for the mill tailing pollution*

6. Indications are that the Roaring Fork can support whitefish,

7. Indications are that the Frying Fan can support whitefish as 
well as furnish spawning beds*

8. The food grade in the Frying Pan is good, .

9. The upper waters of the streams are not so productive as the
lower.

10. Indications are that the Eagle River can support whitefish.

11. The food in the Eagle River is not so abundant as that in the 
Roaring Fork.

12. Serious pollution of Roaring Fork is occurring by mill 
tailings being dumped into Castle Creek, which is a tributary to Roaring 
Fork.

13. The souIpin fish (cottus) was found to inhabit all of the
waters of the Colorado that were surveyed. -- - - •

14. Nematodesparasites were found in the Roaring Fork below 
Aspen. |

15. The sport of winter fishing for whitefish is gaining in 
popularity.

- 13 -



C O N C L U S I O N S

The following conclusions are given that are based on observa
tions and results of the surveys

1* Attempts should bo made to increase the trout population of 
the lower waters of the Whito River, the fish to be planted being large 
fingerling rainbow.

2, Due to the increasing sport of winter fishing for whitefish 
on the White River, plans for future management should be organized#
It is reported that a noticeable reduction has been observed over the 
last two or three years, and if the popularity of the sport continues, 
plans for restocking whitefish may need to be prepared« Close record 
should be kept of the change in census or apparent population.

3« The life history of the whitefish should be made an admini
strative study to detemine complete facts as to its habits of feeding 
habitat, migration, growth and breeding.

4« Possible method of spawn taking and hatching of whitefish 
should be developed«

5. Whitefish should not be transplanted to the upper waters of 
the Colorado« t

Reasons 5 *

Pro«

1# They may adapt themselves to development In the lower waters 
of the Roaring Fork and Eagle Rivers, with the Frying Pan as a possible 
spawning station.

2* They may provide an accessible and desirable winter fishing 
sport to a few local fishermen.

Con.

1. They are a food competitor of the trout and in streams where 
food is a factor of limitation, no introductions should be made where 
the best development of the trout is threatened.

2» More knowledge of their habitat, breeding and migration 
habits should be obtained, for it may be possible for them to migrate 
up the Colorado into the very upper tributaries and lakes, which will 
be undesirable.

3. They may become so abundant as to threaten the very existence 
of trout, from a food competition standpoint.

- 14 -



4, A good many localities 
the streams favor the trout over 
their general transplanting»

where whitefish are now present in 
the whitefish and do not recommend

5. The value of the trout in our mountain stream is readily 
recognized, and everything should be done to preserve this value, 
even to the exclusion of exotic species, if necessary.

fi Better management calls for the development of native species 
in native waters and to soft-pedal transplants and inter-mixings withou 
complete knowledge of all consequences.

7. Efforts should be made to reduce or eliminate, if possible, 
the pollution by mill tailings of ihe Roaring Fork River.

8. The whitefish is not classed as a game fish equal to the 
trout, and should not be mixed with the trout, unless t ey a
so mixed by native conditions.
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CLASSIFICATION CHARACTERISTICS OF FISH TAKEN FROM WHITE RIVER - 3/38

Mouth deeply cleft} dentition absent; scales large, maxillary 
short and broad; lower jaw short and included; cleft of mouth 
short*»»-*,. , , , » » » , » » , * , ,  *,o* Coregonus*

a* Head 4-1/4; depth 4-1/2; eye 4-3/4; snout 3-l/4; dorsal 11; 
anal 11; scales 11-85-8; pectoral 1-1/5; maxillary 4; mandible 3-l/2; 
long dorsal ray 1 *1/ 2; snout compressed, point below the level of the 
eye** »••».•,*•«•,,•*•••*.•••••*»»••,•»••»,•*.*..»,.*», Williamsoni.

Species —  Rocky Mountain Whitefish

Prosopium willjamsoni (Girard)

Coregonus Williamsoni

Key —  Jordan and Evermann — 1935
American Food and Game Fishes 
Doubleday - Doran

Name —  Check List of Fishes
Report of the United' States Commissioner of Fisheries -

1928

I__





I. Tifcla: Tha possible Introduction of thn Yalloir Piks=P©rch in tho 
m m  iratei* fishing araaa of Colorado.

II. Date: April 9» 19̂ -8

III. Supervisor» Ray H. Heees Supio Rasearoh and Distribution

IV. Irnrestigatorj T. H. Lynch

V. Introduction»

In view of the Department’s program for the improvement of warm 
water fishing* a., number-.-of phases must' -.be considered for a possible 
solution©

There has bean some interest on the part of somo members of the 
Research Section as well as some Sportsmen’s groups concerning ths 
possible introduction of the yellow pike^psrch or walleyeQ After in«» 
vestigation by members of the Research Section* it ia thought that 
the introduction of this fish might prove to be of mim value-forthe 
improvement of fishing in cur warm water areas® However* their initial 
introduction should fee conducted as a controlled experiment until it 
has been definitely decided that this fish is valuable©

VI o 'Summa. y j

, In the introduction of any new fish species* certain biological 
affects must fee considered* two of these are*

1 ® The direct effect, either as a predator or competitor*

2 » The- indirect effect, introduction of parasites or tho alter- 
ation of the habitat*

Considering the direct effect* either as predator or competitor*• that; 
is exactly why the introduction of this fish should prove of value* Since 
. most of our warm water areas are infected with carp; their fishing value 
is practically nil* therefore aoma cannibalistic fieh is needed not only • 
to retard the carp* but also to provide the fishermen with fishing worth 
thsir while®

Stocking these water areas with the walleye will not reduce the adult 
carp population, but the walleye will retard the'development of a future 
carp population fey eating the eggs and the young©

According to Mr® E* Co Howard* Supervisor of tho ITobraaka- State Fish 
Hatchery* the walleye and carp adults can live ir mutual association in 
the same waters* and propagate their young© However* the young carp do 
not last long because of the walleye population’s cannibalistic nature©

Considering the indirect effect* possible introduction of new para
sites is improbable© Alteration of the habitat by these fish would be 
& trivial matter because water already infested with carp is of little or 
no value©
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Arrangement3 hava bsen mad© with Mr0 Norman La Nee, Supervisor,
Fish Propagation Unit, Minnesota Bureau of Fisheries, t« trade them some 
Rainbow eggs for 100,000 wall eyed pike* eggs« Since wo do not havo the 
equipment nor the facilities needed to hatch these egge, wa are trying 
to make arrangements to esoh&ngc the walleyed pike eggs with Nebraska; 
for some fry or have them hatch the eggs for us»

Hr. Ho Co Howard states that the stocking of fry in natural waters 
has not been very successful«» The State of Nebraska snakes it a policy 
of stocking fingerling walleyes«

If and when we receive some walleyed pike fry, they will bo stocked 
in soma lake where they will have every chance for safe devolopmcnt« If 
a reasonable number of these fish are reared they could be used as the 
initial stock for future stocking in other waters«

Respectfully submitted?
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OBSERVATIONS CONCERNING THE KOKANEE 
IN MONTANA

■ |

R. L. Moore

The following notes concern the trip made to Montana by Neil Van 

Gaalen and R. L. Moore to observe the kokanee at Flathead Lake.

Source of the Spawning Kokanee

Most of the eggs taken by the Montana department come from Flathead

Lake, which covers 126,320 surface acres and has a shoreline of 127 miles.

There are several’bays on both east and west shores which are seined for 
/

spawning fish. These spawning populations have apparently been maintained 

through annual plantings, which are always made in the same bays that are 

seined, since the spawners apparently migrate back to the same bay in 

which they were planted.. There were two or three bays which outwardly 

possessed the necessary requirements for lake spawning that had no kokanee 

"run" of either naturally or artificially produced fish. For spawn taking 

‘’purposes, these bays can be managed very simply by planting them - four 

years later, there probably will be a large number of spawners. Whether 

these fish would successfully establish a "run" that would continue with- 

*out plants would, of course, depend upon such factors as the amount of 

‘.seepage present, water level fluctuation, and type of bottom. Montana 

circumvents these requirements at Flathead Lake by stripping the eggs and 

hatching them at two hatcheries located on the shores of the lake. The fry
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are then planted back into the lake before they begin feeding, so the cost 

of artificial production is relatively small. Montana men took over 

10 million eggs from the lake in 1954. Between 1% and 2^ million fry are 

placed back into the lake each spring. The remainder are either planted 

in other lakes or tributaries, or sent to other states. Montana does not 

get natural reproduction in many of the lakes in which kokanee have been 

planted, but considers the fish valuable enoughtto warrant annual plants 

from spawn taken at Flathead Lake or its tributaries.

It is to one of these tributaries, McDonald Creek, that an enormous 

numoer of kokanee migrate each year. By mid-December, the peak of this 

migration was past, but thousands of kokanee could still be seen just be

low McDonald Lake in Glacier National Park. This point is 52 miles above 

Flathead Lake. It appeared that overcrowding in the stream would prevent 

many fish from spawning successfully; but perhaps this is fortunate, for 

it would seem that thè ,frunM could build up to the point where too many 

kokanee would reduce the average size. As far as was.known, none of these 

migrants moved on through McDonald Lake to the good streams above. Failure 

to do this is inconsistent with the habits of the kokanee1s closest 

relative, the sockeye salmon, which characteristically moves through a 

lake to a higher tributary for spawning. The Montana men did not know how 

this run got started, although they believed someone planted kokanee below 

McDonald Lake many years ago.

At present, Montana is trapping kokanee in McDonald Creek in order to 

establish a migratory kokanee population in Fort Peck Reservoir, their 

new huge reservoir on the Missouri River. They feel that the chances for 

starting a kokanee "run" up the Missouri are better if they start with 

spawn from fish which exhibit a strong migratory instinct. However, there
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was no factual data cited to support this .contention.- Perhaps kokanee 

fry from fish spawning in Flathead Lake would show the same migratory in

stinct as fry from McDonald Creek fish, providing the fry were planted 

above the Fort Peck Reservoir.

Colorado has a similar problem, since it is desirable to establish a 

"run" above some of the reservoirs in which kokanee have been planted. The 

hatcherymen in Montana stated conclusively that Colorado has received eggs 

from only lake spawners up to the present time. They also stated that they 

could provide eggs to Colorado from stream spawners if requested. Experi

menting with some kokanee from stream migrants is recommended.

SPAWN-TAKING PROCEDURES

Six to eight men were used as a spawn-taking crew during the observed 

operations on Flathead Lake. A 200-foot seine, 10 feet wide in the center 

without a bag, and having a 1 -inch mesh, was used to collect the fish to 

be stripped. A large live box was used to hold the fish immediately off

shore. From this box, the fish'wer4 netted into a smaller wooden box as 

they were needed by the men stripping the eggs/l Two men worked with each 

stripping pan, and the eggs were transported back to the hatchery in a 

10-gallon can. Only two or three females were stripped before stripping 

a male; the hatchery men stated that it was necessary to fertilize the eggs 

quickly in order to get good results.

The number of eggs taken is calculated on the basis of 26k eggs per 

ounce for kokanee in Flathead Lake, and the Somers Hatchery Foreman stated 

that 400 eggs per female was generally considered average for kokanee from 

this lake. Approximately 1,000 eggs per female were taken from Lake Ronan 

kokanee, which were from 16 to 18 inches in length.
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The first kokanee eggs were taken in I95J+ on November 5, and the 

last on December 15* Many of the early November fish were "green", 

while many of those in mid-December were spent. The peak fell in the. 

latter part of November, about two weeks later than usual, according to 

the hatchery foreman.

HATCHING AND PLANTING

The water in the two hatcheries on Flathead Lake is quite cold, but 

this seems to work as an advantage, since the hatching date is delayed to 

about the time they wish to plant the fry. These hatcheries handle some 

natives in addition to kokanee, but the trout are in the unit during the 

warmer months of spring and summer.

Planting kokanee back into Flathead Lake is a simplified preeedure, 

its huge size notwithstanding. The fry are merely placed back into the 

bays in which the spawn is regularly taken. Since 1951 j only the bays on 

one side are planted in a given year; the alternate side is planted the 

following year.. By this method, they expect to be able to tell by their 

seining success' whether continued spawn taking every year is dependent 

upon the fry that are planted*

GENERAL OBSERVATIONS

One of the most surprising aspects of the northern Montana kokanee 

country was its openness --no part of Flathead Lake or its tributaries 

was frozen over up to mid-December, which is well past the peak of the 

kokanee spawning period. Another big difference in comparison with Colo

rado is the enormous amount of water present.- McDonald Creek, where the 

huge number of kokanee spawned, Was flowing a volume of water estimated to 

be greater than normally found in our largest rivers after the runoff 

period. Many lakes were present in the Flathead country which would be 

considered large by Colorado standards*
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CRAYFISH INTRODUCTIONS 

by

W. D. Klein

Crayfish are beneficial to many game fish for food., and the dispersion 

of these animals to suitable waters is encouraged. At Parvin Lake, cray

fish entered the diet of rainbow trout to the extent of 7«3 per cent by 

occurrence and 19.8 per cent by volume.

Crayfish do not seem capable of natural distribution over appreciable 

distances in reasonable periods of time. Therefore, artificial distribu

tion is important. R. W. Pennak, in his book "Fresh-Water Invertebrates 

of the United States", makes the following pertinent statements concerning 

crayfish:

"In general, crayfish are omnivorous but seldom pbbdacious. They eat 

all kinds of succulent aquatic vegetation and animal food is usually a 

minor part of the diet when there is abundant vegetation. They also pre

fer fresh to stale meat \  and in the laboratory they have been fed raw 

and cooked meats of all kinds, prepared fish foods, hay, whole seeds, 

cottonseed meal and soybean meal. Ecologically, they are usually considered 

scavengers.

Crayfish are generally inhabitants of shallow waters, seldom being 

found deeper than three to five feet.

Most species tolerate normal but wide ranges in temperature, hydrogen 

ion concentration, and free and bound carbon dioxide, though stream species 

are usuallyless tolerant than lake and pond species.
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Population densities vary greatly, depending on the species and 

habitat. Pond populations usually amount to less than 100 pounds per acre, 

but in exceptional cases may attain 500, 1,000 or even 1,500 pounds per acre.

The depth of a burrow ranges from a few inches to as much as eight or 

ten feet and is partially determined by the level of the water table, since 

the burrow must contain water to keep the gills wet. Burrows close to the 

edge of a pond or stream are shallow; those farther away are deeper.

Dry land forms an effective barrier to the migration and geographical 

spread of lake and stream species.

Fish are the most important enemies of the crayfish, although wading 

birds, frogs, turtles, raccoons, otter and mink consume appreciable numbers.

Occasionally crayfish become a nuisance in small reservoirs when their 

lateral burrows through earthen dams and dikes drain the reservoirs."

¡Insofar as I can determine, there is little liklihood of damage from 

crayfish burrows. The State Engineer's office did not feel that any danger 

was involved. Also, Tom Lynch has had an opportunity to observe crayfish 

activities in the Arkansas Valley and does not feel that the crayfish 

burrows enough under ordinary circumstances to endanger dams. He has noted 

that they will burrow extensively when trying to reach water from a basin 

that has been dried up. The species at Parvin Lake has been identified as 

one that normally does not burrow. It would be advisable to use the Parvin 

Lake species in places such as Grand Mesa, where the dams are small and 

water fluctuations sometimes severe.

The crayfish seems to be able to adapt itself to a large number of 

environmental conditions, and therefore trial and error introductions are 

in order on a great many Colorado lakes. However, the crayfish does seem
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to require a certain amount of protection, either in the form of rooted 

aquatic plant growth or rocks. The alpine and sub-alpine lakes are 

probably unsuftable, and experimental plantings will be made in this type 

of environment before widespread introductions are attempted.

Crayfish are not recommended for Trappers Lake.

Some indications of suitable environment for crayfish may be obtained 

from the following list of mountain lakes which, to the writer's knowledge, 

contain established crayfish populations: ,

1. Parvin Lake - Larimer County

2. Evergreen Lake - west of Denver

3. Crosho Lake - near Yampa

k. DeWeese Reservoir -• near Westcliffe

5. Seaman Reservoir - Larimer County

In the fall of 195^, crayfish were introduced into the following 

waters;
County

l. Vallecito Reservoir----- -------------- - La Plata

2. Jackson Gulch Reservoir------------------  Montezuma

3. Summit Reservoir----------------------- - Summit

k. Narraguinnep Reservoir ------------------  Montezuma

5. Denny L a k e ------------------------- -----.Montezuma

6. Groundhog--------------------------------  Dolores

7. Gourly Reservoir ------------------- - San Miguel

8. Island Lake  ------ - —   ----- —  -— - Delta

9. Harvey Gap Reservoir --------------- ----- Garfield

10. Antero Reservoir---- -—  ----------------  Park

11. Eleven Mile Reservoir-------------------  Park

12. Tarryall Reservoir ----------------------  Park

1 3 . Sweitzer Reservoir--------------------- - Delta
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The above plants should be repeated for two years. It is advisable 

to make introductions in each body of water for three years in succession 

before considering an attempted introduction a failure. Spring plants are 

probably preferable to fall plants. Each introduction should consist of 

100 or more crayfish.

Crayfish can be easily transported for long distances in a tank truck 

containing the crayfish and an abundance of moist aquatic vegetation. Moist 

gunnysacks would work as well as the vegetation. Also, the use of G.I. cans 

in a pickup would be a suitable means of containing and transporting the 

animals. In some cases, planting from a plane might be the most satisfactory 

method. The crayfish should withstand a free fall from a plane without dif

ficulty.

The fall plants of crayfish made last year were handled by Joe Gray 

from the Iasi Animas hatchery. However, it is felt that the matter of cray

fish introductions is better suited to regional operation and administration 

than to any single division or section, and it is recommended that intro

ductions be handled on a regional basis in the future.

It is suggested that records of the crayfish plants be maintained on 

the "Weekly Record of Fish Planted" forms and that a copy of these records 

be submitted to the Denver office along with the fish planting records.

Source of the crayfish transported should be noted on the records.

* * *



A p r il  15, 1955

S p e c ia l P u rp o s e  R e p o r t  No. 28

A PRO G RESS R E P O R T  ON TH E SUCCESS O F TH E W H ITE BASS 
(L ep ib e m a  c h ry s o p s )  IN COLORADO R ESER V O IRS

By

T . M . L y n ch
S upt. W arm  W ate r F i s h e r i e s

The m a jo r i ty  of the  w a rm  w a te r  r e s e r v o i r s  in  C o lo ra d o  c o n ta in  

fo ra g e  and  ro u g h  f is h  s p e c ie s  in  ab u n d an ce , b u t few  of th em  h av e  a d eq u a te  

p o p u la tio n s  of p r e d a to r y  f ish  s p e c ie s .  F o r  m an y  y e a r s  la rg e m o u th  b la c k  

b a s s  h av e  b e e n  p la n te d  to  p ro v id e  fo r  th e  n e c e s s a r y  p re d a tio n . H o w ev e r, 

th e  e n v iro n m e n ta l  c o n d itio n s  e x is t in g  in  m a n y  of the  im p o u n d m e n ts  a r e  

n o t q u ite  s u ite d  fo r  the  p ro d u c tio n  of b la c k  b a s s  in  enough  n u m b e rs  to  

c o n tro l  the  fo ra g e  o r  ro u g h  f is h  s p e c ie s .  T h e re  e x is te d  a  n eed  fo r  a  

f a s t-g ro w in g , p ro l i f ic ,  p re d a c io u s  f ish  w h ich  co u ld  s u rv iv e  in  la r g e  

n u m b e rs  u n d e r  th e  c o n d itio n s  p re v a il in g  in  th e s e  r e s e r v o i r s .  An e c o 

lo g ic a l  s tu d y  of a n u m b e r of d if f e r e n t  p r e d a to r y  f is h  show ed  th a t the  

w h ite  b a s s  (L ep ib e m a  c h ry so p s )  m ig h t find  th e  c o n d itio n s  in  th e se  b o d ie s  

of w a te r  s u ita b le  fo r  s u c c e s s fu l  s u rv iv a l  and  a s  a  r e s u l t  of a  good d e a l 

o f e f fo r t  upon th e  p a r t  of M r . R . M . A n d re w s , F is h  M a n a g e r , 278 a d u lt 

w h ite  b a s s  w e re  o b ta in e d  fro m  the  S ta te  of T e x a s , fo r  in tro d u c tio n  in to  

C o lo ra d o  w a te r s .

T h ir ty - tw o  a d u lt w h ite  b a s s  w e re  in tro d u c e d  in to  Jo h n  M a r tin  

R e s e r v o i r ,  w h ich  is  lo c a te d  on the  m a in  ch an n e l of the  A rk a n s a s  R iv e r
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n e a r  the  tow n of H a s ty , B en t C ounty , C o lo ra d o . The w h ite  b a s s  r e p r o 

d u c e d  s u c c e s s fu l ly  in  1949, 1950 and  1951 and  th e y  m ad e  up o v e r  30% 

o f the  to ta l  g am e  f ish  ta k e n  by  th e  f is h e rm e n  d u r in g  1951 and  1952. D ue 

to e x tre m e  d ro u g h t co n d itio n s  p re v a il in g  o v e r  s o u th e a s te r n  C o lo ra d o , 

th is  im p o u n d m en t w-as c o m p le te ly  d ra in e d  in  1952 and  h a s  n e t b e en  r e 

f i l le d . I t  m a y  be a s s u m e d  th a t a w h ite  b a s s  p o p u la tio n  no lo n g e r  e x is ts  

in  th is  r e s e r v o i r ,

A to ta l  of 246 w h ite  b a s s  ra n g in g  fro m  7 to 12 in c h e s  in  le n g th  v /e re  

p la n te d  in  A dobe C re e k  R e s e r v o ir  .-which is  lo c a te d  ab o u t 15 m ile s  n o r th 

w e s t  ox the  tow n of L as  A n im a s , C o lo rad o , in  B en t County# T h e se  f ish  

r e p ro d u c e d  s u c c e s s fu l ly  d u rin g  a  fo u r y e a r  p e r io d , 1951 th ro u g h  1954, 

a n d  by 1952 th e se  f ish  m ad e  up o v e r  50% of the  to ta l  g am e  f ish  ta k e n  by  

th e  a n g le r s  in  th e i r  a n n u a l c a tc h .

In 1952, a  to ta l  of 540 w h ite  b a s s  w e re  t r a n s p la n te d  fro m  Jo h n  

M a r t in  and  A dobe C re e k  .-R e se rv o ir  *s- to B onny R e s e r v o i r ,  Y um a C ounty , 

C o lo ra d o . T he f ish  spaw ned  d u rin g  1953 and  1954, and  b eg an  to e n te r  

the  f i s h e r m e n s  c a tc h  d u rin g  1953 and  1954 in  e v e r  in c re a s in g  n u m b ers#

W hite b a s s  b ro o d  f ish  w e re  a ls o  p la n te d  in  U pper Q ueen R e s e r v o i r ,  

w h ich  is  lo c a te d  ab o u t 15 m ile s  n o r th  of L a m a r ,  C o lo ra d o . A to ta l  of 

165 b ro o d  f ish  ra n g in g  fro m  6 to 15 in c h e s  in  le n g th  m ad e  up the  in i t ia l  

p la n t  in  1952. The f ish  re p ro d u c e d  in  Ju n e  1954, s h o r t ly  a f te r  a  10 day  

ru n  Oi s to ra g e  w a te r  in to  the  im p o u n d m en t, the  f i r s t  in flow  in  s e v e r a l
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y e a r s .  A n g le rs ,  b e g an  to  tak e  y o u n g -o f - th e -y e a r  a v e ra g in g  6. 5 in c h e s  

in  le n g th  by  S e p te m b e r af 1954.

D u rin g  1951 and  1952, a  to ta l  of 1, 200 w h ite  b a s s  w e re  re m o v e d  

f ro m  Jo h n  M a r tin  and  A dobe C re e k  R e s e r v o i r s  fo r  t ra n s p la n t in g  to 

o th e r  w a te r s  in  the  S ta te . B ro o d  f is h  w e re  s to c k e d  a t  a  r a te  of 100 o r

in  the  fo llow ing  w a te r s :

R e s e r v o i r C ounty

• M e re d ith C ro w le y
H o rs e  C re e k B en t
H o lb ro o k O te ro
P r e w it t W ash in g to n
J a c k s o n M o rg an
L o v e lan d

' '■ J 1 ■: L a r im e r

A lthough , the  f ish  sh o u ld  h av e  re p ro d u c e d  e i th e r  d u rin g  1953 o r  

1954, no y o u n g -o f - th e -y e a r  h av e  b e en  found in  th e se  w a te r s .

DISCUSSION

T h e re  is  m u ch  e v id en ce  a v a ila b le  w h ich  in d ic a te s  th a t  the  w h ite  

b a s s  a r e  u n ab le  to  r e p ro d u c e  s u c c e s s fu l ly  u n le s s  th e r e  is  an  in flow  of 

f r e s h  w a te r  in to  a  r e s e r v o i r  d u rin g  Ju n e  o r  the  f i r s t  p a r t  of J u ly  e ach  

y e a r*  N a tu ra l  re p ro d u c tiv e  s u c c e s s  h a s  b e en  e x c e lle n t  in  th o se  im p o u n d 

m e n ts  w h ich  h av e  in flow s d u rin g  th e s e  m o n th s . B ut, in  the  r e s e r v o i r s  

w h e re  i r r ig a t io n  is  n o rm a lly  s to r e d  d u rin g  the  w in te r  m o n th s  and  d raw n  

ou t in  th e  e a r ly  s u m m e r , the  w h ite  b a s s  h av e  fa ile d  to  spaw n . U p p er 

C u e e n  R e s e r v o i r ,  is  ah  e x ce p tio n , fo r  i t  r e c e iv e d  an  in flow  a t  the  r ig h t
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t im e  and  the f ish  sp aw n ed . T h e re  is  p ro b a b ly  a lw ay s  a  p o s s ib i l i ty  
<
th a t  in flow s m a y  o c c u r  a t  th e  r ig h t  t im e  in  the  o th e r  r e s e r v o i r s ,  b u t, 

e r r a t i c  spaw n ing  s u c c e s s  can n o t be d ep en d ed  upon to  p ro v id e  th e  d e 

s i r a b le  r e s u l t s .

S to m ach  a n a ly s e s  m ad e  of a  n u m b e r of w h ite  b a s s  ta k e n  fro m  Jo h n  

M a r t in  R e s e r v o i r ,  in d ic a te d  th a t the  f ish  fed  m a in ly  upon young C e n t r a r -  

c h id s  (su n fish ) p lu s  so m e  m in n o w s. T h e ir  g ro w th  r a te  w as e x c e lle n t. 

Y o u n g -o f - th e -y e a r  r e a c h e d  an  a v e ra g e  s iz e  of 7. 9 in c h e s  in  len g th  by 

O c to b e r  e a c h  y e a r .  The su n f ish  o f th is  im p o u n d m en t re p ro d u c e  a t  l e a s t  

fo u r  t im e s  a  y e a r  and  m innow s w e re  e x tre m e ly  ab u n d an t. In  a d d itio n  the  

w h ite  b a s s  s u f fe re d  l i t t l e  food c o m p e titio n  fro m  th e  o th e r  f ish  s p e c ie s  

found in  th e  r e s e r v o i r .

In A dobe C re e k  R e s e r v o i r ,  the  m a in  food of the  w h ite  b a s s  c o n s is ts  

of a q u a tic  in s e c ts  and  m in n o w s.' The g ro w th  r a te  of the  f is h  in  th is  im 

p o u n d m e n t is  n o t a s  good a s  the  g ro w th  of th e  f is h  in  Jo h n  M a r tin  R e s e r 

v o i r .  F ood  c o m p e titio n  b e tw een  s p e c ie s  is  m u ch  m o re  p re v a le n t  in  th is  

bod y  of w a te r  and  the m innow  su p p ly  is  v e ry  s e a s o n a b le . T he y o u ng-o f- 

t h e - y e a r  r e a c h e s  4. 8 in c h e s  in  le n g th  by O c to b e r e ac h  y e a r  d u r in g  1953 

a n d  1954.

P la n k to n  and  aq u a tic  in s e c ts  m a d e  up 70% of the  w h ite  b a s s  d ie t  a t  

B onny  R e s e r v o i r .  The m a in  d ie t  of w h ite  b a s s  is  f ish , b u t ev id en tly  

th e  food c o m p e titio n  b e tw ee n  s p e c ie s  in  th is  im p o u n d m e n t p re v e n ts  the
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w h ite  b a s s  f ro m  o b ta in in g  s u ita b le  food. S to m ach  s a m p le s  ta k en  fro m  

la rg e  w a lle y e s  show  th a t w h ite  b a s s  a r e  b e in g  c o n su m e d  by th e se  f ish . 

.L arge b la c k  b a ss , a ls o  f re q u e n tly  tak e  a  w h ite  b a s s .

In the  fu tu re  c a r e  sh o u ld  be  e x e r c is e d  in  tr a n s p la n t in g  w h ite  b a s s ,  

f r e s h  w a te r  in flow s in  Ju n e  o r  J u ly  a r e  e v id e n tly  n e c e s s a r y  f o r  good r e 

p ro d u c tio n , and  an  ab u n d an t food s u p p ly  w ith o u t undue c o m p e titio n  fro m  

o th e r  p re d a c io u s  f is h  s p e c ie s  is  a ls o  a  r e q u ir e m e n t  w h ich  sh o u ld  be  c o n 

s id e r e d  b e fo re  th e se  f is h  a r e  in tro d u c e d  in to  a new  body of water*..

T he g ro w th  r a te ,  a v e ra g e  w e ig h t, s e x  r a t io ,  n u m b e r  of s a m p le , etc* 

fo r  e a c h  a g e - g ro u p  of w h ite  b a s s  c o lle c te d  fro m  Jo h n  M a r tin , A dobe 

C r e e k  and  B onny R e s e r v o i r s  d u rin g  the  p a s t  few y e a r s ,  is  p r e s e n te d  in  

T a b le  I, on th e  fo llow ing  p ag e .



T a b le  I, - The r a te  of g ro w th , len g th  ra n g e , sex . r a t io ,  a v e ra g e  w eig h t, n u m b e r of s a m p le s  
and  the p e rc e n ta g e  of the  to ta l s a m p le  of e ac h  a g e -g ro u p  fo r w h ite  b a s s  c o lle c te d  
fro m  Jo h n  M a r tin , A dobe C re e k  and  Bonny R e s e r v o i r s .

N am e of 
R e s e r v o ir

A ge
G roup

S m a lle s t
L en g th

L a r g e s t
L eng th

A v e ra g e
L en g th

L en g th
R ange

A v e ra g e  
V/ e ig h t

N u m b er
S am p le s

Jo h n 0 4 .9 9 .5 7 .9 4 .6 4. 6 oz¿ 91
M a r tin I 11 .5 13. 3 12 .3 2. 4 2 0 .0  1 12

II 11 .5 15 .9 13. 8 4. 4 2 5 .7  " 13
III 15. 8 17 .0 16. 2 1 .2 4 9 .0  " 3

A dobe 0 2. 3 7 .2 4. 8 4 .9 2 .5  oz. 73
C re e k I 6 .4 12 .9 9 .7 6. 5 11 .0  " 58

II 12. 5 1 6 .7 14 .9 4. 2 2 3 .5  " 19
III 17 .0 17. 1 1 7 .0 0. 1 4 0 .0  " r ... 2

B onny 0 4 .8 5 .9 5 .4 1 .1 1 .5  oz, 18
I 5. 1 < 9 .4 7 .2 4. 3 2. 5 " 24
II 9 .8 15. 4 12. 6 5. 6 22. 0 "  " 9

P e r c e n t  of P e r c e n t  of
M ales S am p le s

44% 78%
50% 10%
60%
&

11%
❖

I* 45%
25% .35%
40% . 15%
« *

I* 35%
40% 47%
50% 18%

* (S am ple  too  s m a ll  fo r  a c c u ra c y )  
I* (In d ica te s  im m a tu re  sex u a lly )



Ju n e  8, 1955

S p e c ia l P u rp o se  R e p o r t N u m b er 31

A PRO G RESS AND EV A LUA TIO N  R E P O R T  ON THE SUCCESS
O F THE W A LLEY E (S tiz o s te d iu m  v itre u m ) IN COLORADO

W A TERS.

By
T. M. L ynch

Supt. W a rm -W a te r  F is h e r ie s  

INTRO D U CTIO N

T he w a lley e  o r  y e llo w  p ik e -p e rc h  w as f i r s t  in tro d u c e d  in to  C o lo rad o  

w a te r s  d u rin g  th e  s p r in g  of 1949. O ver 8, 000 f in g e r lin g s  w e re  o b ta in ed  

fro m  the S ta te  of N e b ra s k a  in  exch an g e  fo r  ra in b o w  t ro u t ,  th ro u g h  the  

e f fo r ts  of M r. R . M. A n d rew s, F is h  M an ag e r fo r  C o lo ra d o . S ince  1949, 

a  to ta l  of 15, 059, 756 w a lley e  f r y  and  f in g e r lin g s  hav e  b een  p la n te d  in  21fin®
im p o u n d m en ts  lo c a te d  in  15 C o lo rad o  c o u n tie s .

The two m a in  re a s o n s  fo r  the  in tro d u c tio n  of th is  ex o tic  s p e c ie s  w as 

to  o b ta in  a  v o ra c io u s  p re d a to ry  s p e c ie s  to  a id  in  th e  c o n tro l of ro u g h  f ish  

s p e c ie s  and  to  fu rn is h  a la rg e  s iz e  g am e  f ish  fo r  the  l a r g e r  w a rm  w a te r  

im p o u n d m en ts  of th e  S ta te . A c e r ta in  am o u n t of s u c c e s s  h as  b een  a t ta in e d  

in  b o th  r e s p e c ts  s in c e  th e  in tro d u c tio n  of th is  s p e c ie s ,  h o w e v e r , i t  is  b e 

lie v e d  th a t  a  le v e lin g  off p o in t h a s  b een  re a c h e d  a s  f a r  a s  the  f to c k in g  

p ro g ra m  is  c o n c e rn e d .

if  i t  is  to b e  d e te rm in e d  th a t th e  w a lle y e s  c an  s u s ta in  th e m s e lv e s  in  

enough n u m b e rs  to p ro v id e  good ro u g h  f ish  c o n tro l and  f ish in g , the  p r e s e n t  

p ro g ra m  of s to ck in g  sh o u ld  be  g re a t ly  c u r ta i le d .  A w a lle y e , upon re a c h in g
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15 in c h es  in  len g th  an d  3 y e a r s  of age  i s  r e a d y  to re p ro d u c e  n a tu ra l ly  

and  m o s t  of the  l a r g e r  w a rm  w a te r  r e s e r v o i r s  c o n ta in  w a lle y e s  o f a g e -  

g ro u p s  ra n g in g  fro m  3 to  6 y e a r s  of a g e . So, th e o r e t ic a l ly  th e re  is  a  

p o te n tia l nu n ab er of b ro o d  f ish  a v a ila b le  in  a t  l e a s t  8 r e s e r v o i r s ,  w h ich  

sh o u ld  re p ro d u c e  n a tu ra l ly .

W alleye  S u rv iv a l R ate

Of a  to ta l  of 4, 731 w a lley e  f in g e r lin g s  p la n te d  in  N ee G ra n d a  R e s e r -  

v o ir ,  K iow a C ounty , in  1949, a  to ta l  of 408 f is h  a v e ra g in g  3 - 1 /2  pounds 

e ac h  have  b een  re m o v e d  by f is h e rm e n  (345 fish ) and  d e p a r tm e n ta l  p e r s o n 

n e l (63 fish ) d u r in g  a  five  y e a r  p e r io d , 1951 th ro u g h  1955. T h is  in d ic a te s  

a 8 .05%  r e tu r n  of th e -o r ig in a l p la n t an d  a t  c u r j^ i i t  S u p e r - M a rk e t  p r ic e s  

(65£ p e r  pqund) th e  40>8 f ish  co u ld  be  v a lu ed  a t  $ 1 ,0 0 7 . 50, w h ich  is  a f a i r  

r e tu r n  fo r  the  o r ig in a l  in v e s tm e n t.

S u rv iv a l f ig u re s  fo r  bo th  f ry  and  f in g e r lin g  w a lle y e s  in  C o lo rad o  

w a te r s  v a r ie s  f ro m  le s s  th an  1% to  e v e r  25%, w ith  an  a v e ra g e  of a ro u n d  

10%. In g e n e ra l  i t  is  b e lie v e d  th a t the  w a lle y e s  h av e  b e co m e  w e ll e s t a b 

lis h e d , w ith  th e  e x ce p tio n  of two o r  th re e  w a te r s ,  in  th e  w a te r s  in  w hich  

th e y  hav e  b een  p la n te d .

W alleye  F ood  H ab its

S to m ach  a n a ly s is  of o v e r  iSOI) w a lle y e s  ta k en  fro m  7 r e s e r v o i r s ,  

show s th a t th ey  a r e  v o ra c io u s  p re d a to ry  f e e d e r s .  T hey  n o t only  feed  

upon fo ra g e  and  ro u g h  f ish  s p e c ie s ,  b u t a ls o  in c lu d e  o th e r  gam e f is h
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s p e c ie s  in  th e i r  d ie t. A t N ee G ra n d a  R e s e r v o ir ,  th e i r  c o n tro l of the  

ro u g h  f ish  p o p u la tio n  h as  b e en  a d e q u a te ly  d e m o n s tra te d , fo r  c e r ta in  a g e -  

g ro u p s  o f c a r p  a r e  b eco m in g  in c re a s in g ly  s c a r c e .  The la c k  of c e r tâ in  

s iz e  c a r p  h as  fo rc e d  one c o m m e rc ia l  c a r p  s e in e r  to c e a s e  o p e ra tio n ^  a t 

th e  r e s e r v o i r .

W alleye  A ge and  G row th

S ca le  s a m p le s  w e re  tak en  fro m  624 w a lle y e s  c o lle c te d  fro m  5 r e 

s e r v o i r s  d u rin g  a  five  y e a r  p e r io d , 1951 th ro u g h  1955, fo r  age and  g ro w th  

d e te rm in a t io n s .  A c o m p a r iso n  of the  g ro w th  r a te  of the  w a lle y e s  of the 

five  C o lo rad o  w a te r s  w ith  th a t of the  s a m e  s p e c ie s  of one la k e  in  Iow a

and  one lak e  in  New Y ork , is  p r e s e n te d  in  T ab le  I.

TA B L E  I

A g e -G ro u p  O _______ J

R e s e r v o ir C ounty Av. L eng th L en g th  R ange A v, W eight N u m b e r of
o r  L ake o r  S ta te (Inches) (Inches) (O unces) S am p le s

N ee G ran d a K iow a 8. 7 7. 2 - 1 1 . 6 5 33
N o rth  S te r l in g L ogan 9. 8 - - 13
B onny Y um a 7 .3 4 .8  - 10. 8 2 64
H o rse  C re e k B en t 8. 1 6 .6  - 8 .4 5 3
A dobe C re e k B en t 4. 1 3 .2  - 4 .8 - 14
C le a r  L ake Iow a 4 .2 3 .4  - 5 .8

— 89

A g e -G ro u p  I

N ee G ran d a K iow a 1 0 .4 8 .1  - 13 .1 8 98
N o rth  S te r lin g L ogan 14 .0 - - 35
Bonny Y um a 12. 7 9 .0  - 16. 5 5 - 1 /2 134
Jo h n  M a r tin B en t 15. 9 14. 7 - 17. 2 32 9
A dobe C re e k B en t 7 .0 6 .0  - 8. 1 2 19
N eff W eld 10 .2 - 6
S ee ley W eld 9. 8 - 1
O n ta r io  L ake New Y o rk 9 .3 8 .5  - 10 .2 4 14
C le a r  L ake Iow a 8 .0 6 .9  - 1 0 .7 - 68
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A g e -G ro u p  II

R e s e rv o ir C ounty A v, L en g th L en g th  R ange Av. W eight N u m b er of
o r  L ake o r  S ta te (Inche s) (Inches) (O unces) S am p les

N ee G ra n d a K iow a 1 6 .4 1 5 ,2  - 16. 8 26 48
N o rth  S te r lin g L ogan 1 8 .9 - - 11
Bonny Y um a 17. 8 1 6 .0  - 19. 7 32 47
O n ta r io  L ak e New Y o rk 1 3 .0 1 0 .4  - 15. 4 1 1 19
C le a r  L ak e Iow a M . 3 8 .6  - 14. 4 Ü 68

A g e -G ro u p  III

N ee G ra n d a K iow a 1 8 .8 18. 3 - 19. 2 39 75
N o rth  S te r lin g L ogan 22. 3 - - 7
O n ta r io  L ake New Y o rk 17 .0 13. 4 - 2 0 .0 27 14

A g e -G ro u p  IV

N ee G ra n d a K iow a 20. 7 1 9 .6  - 21. 9 48 6,
N o rth  S te r l in g L ogan 26. 2 - 1
O n ta rio  L ake New Y o rk 1 7 .9 16. 3 - 19. 5 36 _ 4

A g e -G ro u p  V

N ee G ra n d a K iow a 22. 7 2 1 .0  - 24.5 78 4
O n ta rio  L ake New  Y o rk 19. 7 1 6 .6  - 2 3 .1 40_ _6

W alleye  P ro d u c tio n

E v id en ce  is  a v a i la b le  w hich  in d ic a te s  th a t the  w a lle y e s  re p ro d u c e d  

s u c c e s s fu l ly  in  N ee G ra n d a  R e s e r v o i r , in  1953, b u t n a tu ra l  spaw n h a s  no t 

b een  found in  o th e r  w a rm  w a te r  im p o u n d m en ts  of the  S ta te . P o te n tia l  

b ro o d  f ish  c a p a b le  of re p ro d u c in g  sh o u ld  be a v a ila b le  in  the  fo llow ing  

w a te r s  fo r  spaw ning  by 1956;
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R e s e rv o ir C ounty N u m b er of A g e -G ro u p s  p r e s e n t  
th a t  a r e  c ap a b le  of re p ro d u c tio n

N ee G ra n d a K iow a 4
N o rth  S te r lin g L ogan 3
B onny Y um a 2
S eam an L a r im e r 1
Q ueens K iow a 1
A dobe C re e k B en t 1
H o lb ro o k O te ro 1
L o v e lan d L a r im e r 1

D u rin g  the sp r in g  of 1955, w a lle y e s fro m  N ee G ra n d a  R e s e r v o ir ,

w e re  sp aw ned  a r t i f i c ia l ly .  A bout 2 5 0 ,0 0 0  eggs w e re  ta k en  fro m  4 fe m a le  

f ish , a  3* 3% s u c c e s s fu l  h a tc h  w as r e tu r n e d  fro m  the  eggs by  the  L as  

A n im as  H a tc h e ry . I t  is  b e lie v e d  th a t b e tw een  one and  th re e  m illio n  eggs 

co u ld  be ta k en  a r t i f i c ia l ly  fro m  th e  f ish  in  C o lo rad o  w a te r s ,  if  enough 

r ip e  f ish  co u ld  be o b ta in ed  d u rin g  the spaw ning  s e a s o n .
i

F is h  T e c h n ic ia n , R o b e r t E v a n s , r e p o r ts  th a t  the  S ta te  of Ohio w ill 

a llo w  w a lley e  eggs to be ta k en  f?pm  fish  in  i t 's  w a te r s  p ro v id e d  th a t a 

m an  is  s e n t to  do the w o rk , C o lo ra d o  sh o u ld  ta k e  a d v an ta g e  of th is  a r 

ra n g e m e n t n o t on ly  to obtaipi w a lley e  eg g a, b u t to g e t a  m an  t r a in e d  in  

th e  a r t  of tak in g  the e g g s .

W alleye  P la n tin g  P la n s

S tock ing  p la n s , fo r  the  e s ta b l is h m e n t  of w a lley e  p o p u la tio n s  in  

v a r io u s  w a te r s ,  h as  in  the  p a s t  b e en  b a s e d  upon m ak in g  a  p la n t of f ry  o r  

f in g e r lin g s  fo r  th r e e  c o n se c u tiv e  y e a r s  in  e ac h  body of w a te r .  O rd in a r i ly  

th is  m e th o d  is  qu ite  s u c c e s s fu l ,  w hen u se d  to e s ta b l is h  f ish  p o p u la tio n s .
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The fo llow ing  l i s t  show s w hich  im p o u n d m en ts  have  re c e iv e d  th e i r  th r e e

y e a r ly  p la n ts :

R e s e rv o irq C ounty  N u m b er of P la n ts

N eff W eld 3
S ee ley W eld 3
S eam an L a r im e r 3
Q ueens K iow a 3
H o lb ro o k O te ro 3
N o rth  S te r lin g L ogan 4
A dobe C re e k B en t 3
B onny Y um a 4
N ee G ra n d a K iow a 4

S tock ing  of w a lle y e s sh o u ld  be  d is c o n tin u e d in  th e se  im p o u n d m en ts

u n til i t  h a s  b een  d e te rm in e d  w h e th e r  o r  n o t th e  f is h  can  re p ro d u c e  s u e -

c e s s fu liy .

L is te d  below  a r e  the1 r e s e r v o i r s  w h ich  w ill r e q u ir e  f u r th e r  p la n ts

of w a lle y e s :

R e s e r v o ir C ounty N u m b er of p la n ts N u m b er of P la n ts
A lre a d y  M ade R e q u ire d .

S w e itz e r D e lta 1 2
Ju m b o Sedgw ick 1 2
C o w d rey Ja c k s o n 1 2
L o n e tre e L a r im e r 1 2
S u m m it D o lo re s 1 2
S loans D en v er 1 2
L o v e lan d L a r im e r 2 1
H o rse  C re e k B en t 1 2
Two B u tte s B aca 2 1
P r o s p e c t E l P a so 1 2
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A p p ro x im a te ly  one m illio n  f ry  w ill be n eed ed  e a c h  y e a r  to c a r r y  

o u t th e  s to ck in g  p la n s  fo r  th e s e  w a te r s .  E ven  w ith  the  e v e n t of s to c k 

ing pew  w a te r s ,  the  p lan tin g  p ro g ra m  fo r  w a lle y e s  co u ld  be m a in ta in e d  

upon le s s  th an  five m ill io n  w a lley e  eggs p e r  y e a r .

W alleye  A ngling  S u c c e ss

A c tu a lly  the  w a lle y e s  found in  th e  w a rm  w a te r  r e s e r v o i r s ,  f i l ls  

th e  n ic h e  of the  b ig  s p e c ta c u la r  f ish , ta k e n  once iti aw h ile  d u rin g  the  

s e a s o n  by  the  a v e ra g e  f is h e rm a n . The a v e ra g e  C o lo ra d o  f is h e rm a n , who 

g e n e ra l ly  p o s s e s s e s  l i t t le  s k i l l ,  c an n o t e x p ec t to ta k e  w a lle y e s  upon the  

s a m e  b a s is  a s  th e y  w ould  su ch  e a s y  f ish  a s  s m a l l  t ro u t ,  ye llo w  p e rc h  o r  

b u llh e a d s . The s m a l l  m in o r i ty  of s k il le d  a n g le r s  who c o n s is te n tly  tak e  

la rg e  t ro u t ,  b la c k  b a s s ,  e tc . , w ill p ro b a b ly  c a tc h  the  w a lle y e s  m o re  

r e a d ily .

It h a s  b een  o b s e rv e d  th a t  the  a n g le r s  have  g r e a t  d iff icu lty  in  tak in g  

w a lle y e s  in  w a te r s  w h e re  n a tu ra l  foods a r e  v e ry  ab u n d an t, b u t, in  w a te r s  

w h e re  n a tu ra l  foods a r e  l im ite d  o r  s e a s o n a l ,  w a lle y e s  ra n g in g  fro m  10 

to 16 in c h es  in  len g th  se e m  to  b i te  m o re  re a d ily .-  L iv e  b a it  a p p e a rs  to  

be the b e s t  lu r e  fo r  the  w a lle y e s  in  m o s t  of the  im p o u n d m en ts  of the  

S ta te . F ish in g  in  d eep  w a te r  fro m  a b o a t p ro d u c e s  the  b e s t  w a lley e  f i s h 

ing s u c c e s s  d u rin g  the d a y tim e , w h ile  s h o re  f ish in g  in  the  sh a llo w s  a t  

n ig h t p ro d u c e s  m u ch  b e t te r  r e s u l t s  fo r  m o s t  a n g le r s  s ee k in g  to tak e

th e  w a ry  w a lle y e .
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February 7» 1957

Dr» L. Joseph Hendricks 
State Teachers College 
Minot# llorth Dakota

Dear Dr* Hendrleka:

I very much enjoyed year letter and the manuscript 
on "Changes in the Fish Fauna of Boulder Coenty# Colorado” #
There are several of the species that I have sons information 
on and 1 think I will confine ay remarks to points of interest 
concerning the species in the study# 1 think generally speak
ing the manuscript la very well prepared and If there are any 
corrections your former professor Dr* Pennak will do a very 
thorough job of editing the®.

In discussing the species recorded by early workers 
as collected in the county in 1903> I found considerable diffi
culty in identifying the species because of the numerous name 
changes that have occurred in the past $k years. I think that 
1 am at least clear on the genera involved but still have some 
suspicions that X have not identified those that are being de
scribed as to species. X suggest that you might iBprove the 
manuscript by Indicating the present accepted scientific names 
for those species presently described only fcy ther obsolete 
names.

X never did decide what Juday meant by the genus 
Mchardsonius or the genus Leueisoua and for a point of interest 
wSSt you wou£d take the tii»'To "’ilrop me a mote and tell me 
exactly what groups of fishes they are describing* X was 
very much interested In some of the records of fish collected 
in 1950# namely Chroaoraos erythrogaster and Hybognathus n. 
nuchaHa. X have' collected or^''*cne ''dKrosomBB siniw "f Itiaw 
¿een in Golorado| also from the Platte' ’IfraTnage, and we do 
not have representatives of Hyfeognateqs n. nuchalls in the 
collection here at Colorado a  & 11. ' X Wffeve you refer to
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the Western silvery rainnow. The appearance of Phenaeobius 
In Western Boulder County was also of Interest*While 
Phenaeobius is taken quit® frequently, we have never taken 
it in large numbers*

I have some additional information on the native 
trout, Salma claridl stomias, which I think would be of in
terest to you..I t e & n  of the Colorado Museum Staff called
me a little over a year ago in the fall indicating that they 
believed that they had located a population of these native 
trout# The location was in the Boulder City Watershed on 
Albion Creek* With a sampling expedition and a member of the 
Museum Staff, we made a fairly extensive collection of native 
trout frees that stream. These fish were forwarded to Dr. 
Robert Miller at the University of Michigan and a cony of his 
reply is attached, I will let you judge for yourself whether 
or not you wish to conclude that these fish were really Salmo 
elarkil stomias.

So much for species presently on the Eastern Slope.
Mow to your question of whether or not species of the Western 
Slope of Colorado are coming through the diversions of the Big 
Thompson Project. One of my graduate students has just completed 
a Master’s degree on the life history of suckers in Shadow Moun
tain Reservoir, You will recognize this as a body of water 
located in the Big Thompson diversion system and connected to 
örand Lake by a channel providing ready access for fish populations 
moving between these lakes. As a part of his study he collected 
fish with gill nets, trap nets, seines, electrical shockers and 
rotenone. These collections disclosed that the fish population 
of Shadow Mountain Reservoir was made up almost entirely of intro
duced species, most of which are present naturally or through 
introductions on the Eastern Slope of Colorado, The sucker popu
lation consisted of about 80% Western white suckers, Catostoaus 
commersoni suckleyi, and about 20# Western longnose suckers, 
Catostonus' catostomug grlseus, together with a few of what appeared 
to be a hybrid between these two genera. This Hybridization has 
been noted by others and is very interesting if it is confirmed.
He took no Pantos tens or Gila in Shadow Mountain Reservoir. Cottas 
of both species were present" 'but rare. The only Bxjniehthys he 
took was eataractae. Other species present in Shacfow Mountain 
were all introduced species and included grayling, kokanee salmon, 
brook trout, brown trout, rainbow trout, and cutthroat trout.
The cutthroat were classed as Introduced In as much as they 
were fish from Yellowstone Lake.
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Proa this rather Indirect information X would conclude 
that the chances of the Western Slope species moving to the Eastern 
Slop© through the Big Thompson Project are remote« The most likely 
to occur are the two species of Coitus and X am s ony to say that 
X can only add to Tom Lynch’s eohcTtSions that sooner or later 
they very likely will move through the diversion system# Tom is 
correct in saying that many fish are coming through, hut apparently 
most of these are the two species of suckers} the Western white and 
the Western longnose, neither of which are native to the Western 
Slope«

X hope my comments have been of interest and of some value 
to your paper« X world be interested in having the information that 
X have requested above« If X can be of any further assistance please 
contact me«

Sincerely yours,

Howard A« Tanner, tJhit Leader

HAT ids 

Enel«
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February 2, 1957
Dr* Howard A. Tanner
Dept. Forest Recreation and Wildlife Conservation 
Colorado A and M College 
Port Collins, Colorado

Dear Dr. Tanners

I have taken the liberty of sending you a carbon of a MS that I plan 
to offer to Oopeia for publication as an Ichthyological note. I would 
greatly appreciate your efforts if you would read this over, being 
critical of any of the statements I have made or the names I have used.
The material is a little old and for this reason I believe that it 
should be criticized by someone in touch with the situation. I have 
also sent a copy to Dr. Fennak at the University of Colorado, the man 
who advised me on my masters work. I know that Dr. Pennak will be 
critical of the style and grammar as well as content, but I thought 
that you might be better informed as regards the fish facts.

Recently I asked Tom Lynch to clarify some statements he once made 
to me about the finding of western slope species on the eastern slope in 
regard to the Big Thompson diversion. I wasn‘t quite clear on his answer - 
-ha specifically said no sculpins had been noted to date, but said, HEvery- 
thing else has come through so it is possible the sculps made the grade11.
Have any western slope endemics been taken on the eastern elope?

I felt at the time I did this work that the material was interesting 
and should be published. Time has dulled the feeling somewhat but I still 
believe the information worth publishing. Today, when the fish faunas of 
so many areas are undergoing changes for the reasons I have listed and 
others also ( the minnow bucket, for example), it seems worthwhile to 
compare old species lists with recent collecting records and to reflect on 
the possible causes of the changes.

Please feel to criticize fully, even to the point of saying you don*t 
believe the item is worth publishing, if that is your opinion. I have enclosed 
a stamped addressed envelope for ready return of the manuscript.

Thank you very much.

Very sincerely yours

tu Joseph Hendricks

Bu y “D akota M aid” Flour



CHANCES IN THE FISH FAUNA OF BOULDER COUNTY, COLORADO

Boulder County, looated in north-central Colorado, is a rectangular area 

approximately 25 miles wide in a north-south direction and about 55 miles 

long from eaet to west* The southeast corner of the county is about 10 miles 

northwest of Denver. The elevation ranges from 4,900 feet above mean sea 

level at the eastern border of the county to over 14,000 feet along the 

continental divide which forma the western boundary* The eastern half of the 

county consists of rolling plains which break rather abruptly into the foot

hills at an elevation of about 5*500 feet. The foothill and mountain area 

is highly dissected by stream drainage and is rugged and precipitous*

A list of the fishes, collected in the plains area of the county, was 

published by Chancey Juday in 1904 (Univ. 'of' Colo. Stud., 2» 115-114). The 

fishes of the county were also included in studies published by T. D. A. 

Cockerell in 1908 (Ibid, 5 « 159-178) and M. M. Ellis in 1914 (Ibid, 11t 5- 15 6 )

1 made a study of the fishes of Boulder County and presented the findings in 

a masters thesis (Hendricks, Unpubl. Masters Thesis, Univ. Cola.). As a 

result of that work several changes in, and items of interest concerning, the 

fish fauna were noted and are herein reported.

A total of 55 species were found present in Boulder County in 1950» Of 

this number, 25 were found only in thl plains and lower foothills area, while

2 species were taken only in waters of the mountain area. Eight species, 

more widely distributed, were collected in both plains and mountain areas.

Two species from the latter group, Plmephalee p. promelas Raf. and 1 oecil- 

ichthys exllls (Girard), were taken in abundance from a pond near Lake

S ldora at an altitude of 9*500 feet* The presence of these two species 

at this altitude is definitely unusual.

Five species collected in the county in I905 ore now apparently absent.
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"Thebe are Carpiodes vellfer (Raf.), Oeueslus plumbeus dlselmllls (Girard),
Noeomis blguttatus (Kirtland) Juday ue«d the synonym Hybopsis ksntuekisnais 

(Raf.) , Notrople bifrsnatus (Oops) Synonym N. eayuga Mask , and Richardson- 

lug avarmanni (Juday) described by Juday as Leuclsous evarmannl . The last 

named is a doubtful spec lea based on J speelmene collected In 190J from 

Boulder Greek In Boulder County. No additional specimens have ever been 

recorded and the original specimens could not be located. The presence of 

N. bifrenatue was based on é epeolmene taken in Boulder Greek In 1905« If 

the Identification were correct (the original specimens could not be located 

for checking) the range of the species would be extended considerably beyond 

its known rangs which is limited on the west to the waters of the Lake Ontario 

drainage (Hubbe and Lagler, Fishes of the Great Lakes Region, 19^9* p* 68).

Four species were rare in recent collections and were taken only in a 

few deep holes in streams near the eastern edge of the county. Two of these 

species, Ohroeomue erythrogaeter (Raf.) and Bybognathu| n. nuchalis Agassiz, 

were collected in 1905 in the western portion of the plains area as wall as 

in the eastern. The other two Bpeoies, Phenaooblua mirabilis (Girard) and 

Notropls ¡p lutrsnsis (Baird and Girard), war# collected only near the 

eastern edge of the county in 1905 as they were in 1950. Fri», the information 

available it is not possible to state whether or not these species were more 

abundant in 1905 than at present.

The native trout, Salmo clarkll stomise Oops, was not taken during any 

of the recent collecting nor was it reported in I905. However, Juday mention

ed that he had made no effort to obtain trout from the mount*in courses of 

the streams in the county. The native trout may have been abundant and wide

spread in the streams of this area at one time (and there is considerable 

evidence that they were) but they are now definitely scarce, if existant at 

all, a s et ream fish.



Three species were recorded that art naw to tha county sinca tha work of 

Juday. fhair presence la tha raault of Introductions. Notemigonus eryeolsuoas 

auratue. (Raf.) is found in soma of the plains reservoirs in the northeast 

comer of the county where it has bean introduced as a bait minnow. Leromis 

glbboBu| (Linn.) is preaent in several of the reservoirs and also in deeper 

holes and oxbows of the eastern section of Boulder Greek. The carp, Cyprinus 

carpio Linn., is present in many of the plains reservoirs and also in holes 

along the streams.

Several factors are of importance in producing changee in the fish fauna 

of thie area. The first and most important is removal of water from the 

atreams for irrigation and domestic usee. The need for water in this area 

has become acute resulting in a considerable reduction in the flow of the 

streams coming from the mountains, particularly during the summer and fall. 

Another factor of major importance is the practice of straightening stream 

channel's, resulting in the elimination of the meanders and oxbow ponds. The 

consequence of these practices is the production of shallow streams, lacking 

pools and meanders, and frequently deficient in streamside vegetation. Thee# 

conditions are unfavorable for the larger species of fishes, for those requir

ing deep, quiet water, and for those requiring cool water. The pollution of 

the streams with municipal and domestic waste further reduces the suitability 

of the streams for many of the native fish species.

The completion of the tranemontane water diversion of the Big Thompson 

Project may permit access of species from the western slope of the continental 

divide to the Big Thompson River of the eastern elope. The streams of Bohlder 

County connect with the Big Thompson at a point about 20 miles north and east 

of the northeast corner of the county. Thie nearness to tha diversion water 

makes it appear probable that species endemic to the western elope will be 

able to find their way into the Boulder County streams. West slope species 

which should be looked for are Oatostomas latipinnls Baird and Girard,

rantosteus d. delphinus (Cope), Sila robusta Baird and Qlrard, Rhlnichthys



nubllus (Jordan and Sv«raaim), Oottua bairdl punotulatua (Sill), and 

Oottua annaa Jordan.

b ,Minot Stata

North Dakota.

re C ollega,
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1 COLORADO GAME, FISH AND PARKS DEPARTMENT 

MANAGEMENT SERVICE BULLETIN - NUMBER XII 

The Silver Salmon Story 

By - m D. Klein

The Colorado Game, Fish and Parks Department has been alert to the use of 

various exotic fishes for a number of years and some success has been achieved with 

a few species, i.e., white bass, drum, kolcanee salmon, walleye and northern pike. 

The process of obtaining and testing new species is not easy as the original stock 

is often difficult to obtain and handle. After they are made available, observa

tions on their progress must continue for a substantial period of time to determine 

the suitability of the fish for a particular body of water. It is also advisable 

to make experimental plants in several types of water since the new species may be 

suitable in one situation but not in another.

The Department was fortunate enough to receive a shipment of silver salmon
i

eggs in 1962 and experimental plants were subsequently made in Parvin Lake and in 

Lake Granby. The plants in both lakes are under careful observation by biologists 

and details on the progress of the fish will be available in a few years.

Reports from the various states where the silvers are used in lakes suggests 

that they may not make any better growth than rainbow or other trout in the same 

water. Hox/ever, one article concerned with sea run silver salmon in Alaska indi

cates that in some circumstances they will go to a fish diet when small in size in 

the lakes where they spend a portion of their life cycle. Sockeye salmon were the 

principle forage fish involved in the Alaska lake. Since the kokanee is a sub

species of the sockeye it was thought that there was a possibility of silvers using 

the kokanee or the very abundant sucker population in Lake Granby for forage.

Should this occur, the silvers could be expected to make rapid growth and reach a 

comparatively large size thus providing a badly needed big fish for Lake Granby, 

and possibly other similar reservoirs.
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Incidentally, the silvers pose no threat as an established and unwanted fish 

since they will disappear with the cessation of stocking upon completion of their 

life cycle.
The plant of silvers was made in Parvin to obtain some information on their 

habits in a lake of this type. It is possible that they may display differences 

from trout that would be valuable. For example, there are some slack periods 

during the day and season when the trout cannot be taken in appreciable numbers. 

Perhaps the silvers could be harvested during these periods and thus fill in the 

gap and permit a greatly improved fishery.

Silver salmon, like the kokanee, are a true salmon and they die after spawning, 

normally in their third, fourth or fifth year of life. They have been successfully 

landlocked in various freshwater lakes in the United States and in several foreign 

countries. Silvers have a fine reputation as a game fish under these circumstances 

as they readily1take artificial lures and put up an excellent battle when hooked.

They have many habits similar to trout including temperature tolerances.

Silvers can be readily handled in a routine manner at our hatcheries with perhaps 

a little more care in feeding than we normally give rainbow. Strong migratory 

tendencies can be expected in any of the salmon and silvers will probably leave a 

lake if a surface outlet exists. The salmon at Parvin have not attempted to 

migrate as yet and the fish with one summer in the lake are seven inches long.

It is anticipated that they will attempt to migrate during next spring*s high water 

period. There are reports of silver salmon being successfully raised to maturity 

and spawned in a hatchery. We have retained a few silvers at the Bellvue hatchery 

in an attempt to repeat this procedure. It is not unusual for them to attempt to 

spawn in the middle of winter in the various landlocked situations. They do not 

spawn successfully and the time of year virtually prohibits capture and artificial 

spasming of the mature fish. There is a possibility that the unusual circumstance
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of open water in the Shadow Mountain Reservoir spilling basin may permit silver 

spawn taking at this location. Some of the Granby Reservoir silvers were planted 

in the spilling basin with the hope that they would return to spaxm. Any local 

source of eggs would be most fortunate since the states on the west coast are 

very reluctant to part with silver salmon eggs. This is understandable because 

of the difficulty in maintaining good runs of this valuable game and food fish in 

the face of the in-roads of civilization, dams, pollution, etc.



MANAGEMENT SERVICES BUUETIN

OBSERVATIONS ON NORTHERN PIKE lit ¥»0 MOUNTAIN RESERVOIRS

by w, 0. Klein

A «»abet of Colorado trout lakes and reservoirs e era tain heavy populations of
"fteA

rough fish, usually flicker»*. Northern pike, (Esox iucics) voraciously on fish 

and it was thought that this species might be of value in reducing rough fish 

populations* Northern pike fingerlings were stocked in Skaguay and Tarryail 

Reservoirs to permit an evaluation of the use of this predator in two types 

of trout '««ter.

Skaguay Reservoir is located on the south slope of Pikes Peak near the t o w  of 

Victor«, It la used for power production and. the water level fluctuates annual

ly* This small (90 acre) reservoir la normally void of rooted aquatic vegetation 

and contains a substantial population of suekers and perch* Rainbow trout and 

kokanee salmon are the principle game species In the reservoir.

Tarryail Reservoir, located in South Park near the t o w  of Jefferson, Is owned 

by the Game, Fish and Parks Department and is operated to provide fishing* the 

lake is held at spillway level throughout the year and dense beds of rooted 

aquatic Vegetation have developed in the shoal areas, particularly in the 

vicinity of the inlet. The sucker population in Tarrysll is extremely heavy 

and stocked rainbow trout are the principle game fish*

Two plans of northern pike were made in Skaguayj 6,352 fish 4-5 inches in length 

in June of 1959 and 3,125 stocked in June of i960 at 6-7 inches in length* 

Tarfyail Reservoir was stocked with 1,000 northerns 6-7 inches in length in June



the following observations were made on the 1959 plant of northern pike in 

Skaguay Reservoir?

I* the northern grew well in Skaguay averaging 15,4 inches in May of

I960, 16,7 inches in Jal|: of I960, 20.8 inches in September of I960, 

22.5 indies in May of 1961» 27*2 inches in October of 1961 and 31.5 

inches in June of 1963*

2, the sen ratio was unbalanced with males being such more plentiful 

than females.

3, female northerns were larger than the males*

4* the males reached semai maturity in May of I960, these ripe fish 

averaged 15*4 inches In length when recovered on May 21 and 22,

*3. the first ripe female (26,3 Inches in length) was recovered on May 

11» 1961*

6. the northern pike stomachs»examined in May of 1960, contained nine 

perch, three suckers and one trout, the perch eaten were 3 to 4 in

ches in length while the suckers ind trout ranged Iron 4.8 to 6.0 

laches,

7. Eight to nine inch kokanee and trout were found In the stomachs of 

the northerns in September of 1960. the stomachs also contained 

one 8 inch sucker and several 4 to 5 inch perch.

8. Fishermen were able to catch northerns during the spring and summer 

of 1960, primarily with hardware, the fish were much more difficult 

to catch after I960 and comparatively few of the larger pike were 

taken by fishermen* It was illegal to fish with live minnows in 

Skaguay. there is a possibility What large northerns could have 

been taken with minnows*

9. there has been no evidence of successful natural reproduction of



northern pike at Skaguay. Suitable spawning beds were, lacking and 

It la also probable that water temperatures daring and alter the 

spawning period were not correct lor successful reproduction.

10* northern pike were successfully spawned artificially at Skagoay but 

the time that the eggs co&ld be obtained was bad front the standpoint 

of water temperatures at our warm-water hatcheries, fhe water was 

too warm at the hatchery by the time the eggs were available from 

Skaguay.

'fhe 1900 plant of northern pike in Skaguay was evidently not as successful as 

the first* A few fish were recovered from the second plant during the various 

samplings at the reservoir, but the recoveries were too sparse to provide infor

mation of value*

Data from the Snail plant of northern pike made In Tarryall Reservoir is limited 

€111 nets were set dm September 25, I960 end 11 northerns were recovered* these 

fish averaged 15*4 inches in length« One additional northern was picked up in 

a gill net on October 12, 1961. this female was 23*5 inches in length. fhe 

growth of the northern pike In Tarryall appears to be as good or better than 

encountered at Skaguay. the 250 foot experimental gill net - 2 Inch mesh) 

set In Tarryall In September of 1960 recovered 11 northern pike, 3 rainbow trout 

110 western white suckers and 8 longnose suckers. It may be slgnlfleent that 

In spite of the abundant sucker population each of four pike stomachs contained 

a five inch rainbow, one contained a small sucker and the others were empty.

The conservation officer stationed at Tarryall reported that northern pike were 

frequently recovered by fishermen below the dam. fisherman also reported 

catching a pike In the South Platte River and northern pike were recovered in



gill nets set in Cheeses«* n Reservoir In 1963. Tarryall Greek runs into the 

South Platte River about IS ailes below Tarryall Reservoir. The South Platte 

empties into Cheeaeman Reservoir, some 10 miles below the junction of Tarryall 

Greek end the South Platte, The northern pike reported from the South Platte 

River and the pike taken in the gill net in Cheeaeman had to come from the plant 

made in Tarryall Reservoir,

To the best of our knowledge, the northerns have not successfully reproduced 

in Tarryall* Small northerns have not been reported tfy fishermen and gill 

netting and seining in the spring of 1963 failed to recover small pile. The 

abundant vegetation beds in Tarryall seemed to offer some possibility for 

successful natural reproduction but other factors, perhaps ««ter temperatures 

may net have been suitable.

The observations made on thegiants of northern pike in Skaguay and Tarryall 

Reservoirs are summarised as follows»

1, northern pike will leave a lake via a surface spillway and travel 

downstream for substantial distances,

2, Raturai reproduction of northerns in our trout lakes is not likely 

to occur.

3, Rorthem pike will feed on salmonids, possibly to a detrimental degree, 

even though other rough or unwanted fish species are nuaerene.

4, northern pike are capable of good growth in our mountain lakes provid

ing there is an adequate supply of forage fish,

3* A good stsrt of northerns can be obtained with a single plant of fin* 

gerlings,

6. Sggs obtained from northern pike in mountain waters cannot be getia* 
factorily propagated with our existing verm water hatching and



rearing facilities.

It is felt® author’s opinion that it is not .good swaagement to us« northern pike 

in eon junction with trout or salmon even though rough fish are abundant* Share 

appears to he a distinct possibility that the northerns will eat the aaltaonlds 

in preference to rough fish. Abandonment of trout stocking and the planting 

of northern pike is a possible management approach in certain extreme situations 

«here dense rough fish populations are seriously interfering with the trout 

fishery. She resultant northern pike fishery would be of dubious value.

Roger Barnhart, Ronald Uniting» Ronald Verm end Rolf Klttraann collected data 
that contributed to the contents of this bulletin. Members of the Fish 

Management Division of the Department also supplied information, particularly 

in connection with the northern pike spawn taking at Skaguay Reservoir.
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Memorandum
TO ;y)ave Foster, Div, Fishery Services, da t e: 3/6/72

Albuquerque, New Mexico

f r o m : Robert Behnke, Colo. Coop. Fishery Unit,
Colo. State Univ., Ft. Collins, Colorado

subject: Future of Genetics Lab

To modify the fish genetics lab with a goal of establishing a productive 
research facility that will provide useful and significant information 
of direct relevance to Bureau programs will require a bold new direction 
and new talent of the calibre to generate intellectual leadership and 
national and international recognition in the field of fish genetics.

Previous research at the lab has emphasized heritability of single 
traits - perhaps of some usefulness in raising fish in hatcheries.
I don’t believe, however, that any basic, new information has been 
created by the research that could not be found in, or predicted from, 
anjr text book on genetics. Not a single publication of sufficient 
significance to attract wide attention among geneticists has ever come 
out of all the years of effort at the lab.

The cogent question is: what direction should a new research program 
take that will provide information of a type yielding viable input 
into Bureau programs and attracting favorable attention from the scientific 
community?

When applying principles and drawing analogies between fish husbandry 
and selective breeding of domesticated animals and plants, a very 
important point is often ignored. This concerns the fact that unlike 
domesticated species which receive care and protection from their 
origin to the market place, fishes are stocked in natural environments 
to compete and survive and return to the fishery over a period.of time - 
perhaps for several years. Under such circumstances the genetics of 
the fish play a major role in the total interaction of the organism 
to the environment governing the growth, survival and contribution to 
the fishery. It is this type of genetics research, emphasizing what 
a fish does after it is stocked - that will yield the necessary infor
mation to better integrate the goals of the divisions of fish hatcheries, 
management and research and produce the basic data for sophisticated 
fisheries management programs of the future.
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I can suggest a few ideas on the type of projects I have in mind that
should generate directly applicable information to fish hatcheries and
fisheries management.

1. The federal hatchery system produces enormous numbers and pounds
of trout, particularly rainbow trout. Certain waters such as Flaming 
Gorge Reservoir receive millions of rainbow trout from various 
hatchery sources. Does anyone have the slightest idea if there 
is differential survival, growth, and relative yield to the fishery 
from the different stocks used? Would crossing of inbred hatchery 
strains boraden the base of genetic heterozygosity and increase 
survival in the wild without increasing production costs, or perhaps 
even lowering them? Could we achieve desirable survival traits by 
crossing wild strains with hatchery strains? What wild genotypes, 
possessing certain life history traits suggesting certain management 
potentials could be evaluated under various environments? Poly
typic species such as rainbow trout and cutthroat trout possess 
an enormous amount of genetic variability in natural populations 
occurring throughout the range of the species. Genetic variability 
has been programmed by natural selection for optimal performance 
under specific environmental conditions. The utilization of this 
genetic variability to take advantage of differences in such traits 
as time of spawning, temperature, habitat and food preferences, etc. 
is virtually an untapped source of the raw materials of fisheries 
management. A potentially powerful tool of fisheries management 
is the establishment of sympatric intraspecific populations in a 
body of water to more efficiently exploit the resources and increase 
the total biomass of the desired species. That this technique is 
practical and that it does indeed work has been demonstrated by 
a Coop. Unit research project on a lake in Colorado with different 
strains of cutthroat trout. -

2. Concerning other trout raised in federal hatcheries such as the 
Snake River cutthroat and the Lahontan cutthroat - what do we know 
about the environments that these genotypes are best adapted for? 
The Coop. Unit study on the Snake River cutthroat revealed some 
remarkable differences in the relative contribution of this trout 
to a fishery when it coexisted with another race of cutthroat in 
the same lake. Would the Snake River cutthroat be a valuable 
management fish for stocking below high dams with release of water 
at less than optimum temperature for growth and survival of rainbow 
trout?
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The trout currently being propagated as Lahontan cutthroat trout 
does not attain one half the maximum size of the original popula
tion in Pyramid Lake, Nevada. The difference in growth and maximum 
size is most readily explained by genetic differentiation. I 
believe much progress could be made by experimenting with new 
stocks derived from remnant pure populations of Lahontan cutthroat 
trout.

3. There are some forms of trout not yet officially described, such 
as the "red-banded" trout of the desert basins of southern Oregon 
and the cutthroat trout native to the Humboldt River system of 
Nevada. These trouts have been subjected to natural selection 
under harsh and varying environmental conditions for several thousand 
years. They are likely to have the type of genetic variability 
that would prove useful to fisheries management programs.

The demonstration of the practical aspects of perpetuating genetic 
variability for potential management use would provide a stimulus 
for more active rare and endangered species programs.

A fish genetics lab should direct and carry out experimental introductions 
and evaluate the performances of genetically diverse stocks. Stocks 
could be held at the lab, experimental crosses undertaken, and an over
all body of information developed on several genotypes actually used 
or of potential use in fisheries management. This information would 
encompass the environmental potential of each genotype and have pre
dictive value to answer the question: what fish for what water? New 
ideas on improving hatchery stocks and suggestions on sources of new 
stocks should originate from a genetics lab.

I would like to see all this come to pass, but I have sincere doubts 
that a new era can be brought forth under the present policies and 
administrative structure of the Bureau. What must be recognized is 
that it will be the intelligence and enthusiasm of the director and 
his associates that will make a new program go/ Creative and innovative 
research of the type necessary for a successful fish genetics lab 
is not adequately recognized nor promoted under current Bureau policies.
If the positions are filled merely on the basis of a list of Bureau 
employees qualified for certain GS levels - there will be no change 
and the lab should be closed.



Memo--Dave Foster 
March 6, 1972 
Page 4

It may be necessary to hire outside the Bureau to get a person with an 
in-depth understanding of fish genetics - particularly evolutionary 
biology. This person should have national and international recog
nition or at least the strone indication that he has the potential to 
achieve such recognition. The criteria for qualification should be 
identical to those that would be set by a major university if they 
were establishing a similar research facility.

One point is certain, and that is it will be a waste of money to run 
a fish genetics lab with uninspired and mediocre talent.

Robert Behnke 
Assistant Unit Leader
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To : Ed Smith, Chief Branch of B iol. Resources Date: April 13, 1979

F r o m  : Don Duff, S taff Fisheries B iologist

S u b j e c t : Comments on Richfield D istr ic t's  proposal for Management 
of the Deep Creek Mtns. under Interim Wilderness Guidelines 
rather than a Protective Withdrawal

These comments are precipitated as a resu lt of the March 16, 1979 meeting in 
our o ffice  with the Richfield d is tr ic t  manager and the state director and 
concerns of the d is tr ic t 's  subject proposal.

We have been working (d is tr ic t  and state o ff ic e )  since May 3, 1977 on 
protective measures for the unique and diverse desert mountain ecosystem 
in the Deep Creek Mtn. range. The emergency withdrawal of 27,000 acres 
of an area of cr itica l environmental concern (ACEC) by the Secretary of 
the Interior has provided th is interim protection but as you are aware,
the area could become open again to mineral entry on May 3, 1980 unless
permanent protection is  implemented.

The present proposal of the d is tr ic t  which is  not to continue the protective 
withdrawal but manage under interim wilderness guidelines deviates from 
the current management direction which we have been proceeding with since 
May 1977. Larry Lee attended the March meeting and his s ta ff  report is  
attached. I support Larry's report and recommendations for future management 
direction for the area. I am not aware of any management decision by the 
SD to deviate any way from the course set to provide permanent protection 
to the Deeps. I feel the d is tr ic t 's  proposal is  a poor one not displaying 
a responsible management concern for the area's valuable natural resources.
Their proposal would negate a ll past e fforts of BLM, s ta ff  individuals, and 
citizen s working to provide a viable management program for the area. I 
view the proposal also as a way the d is tr ic t  manager sees to get out of 
doing his job of providing a report on the 3 year emergency withdrawal.
As you reca ll, he was opposed to the in it ia l  withdrawal proposal because 
of the increased workload i t  brought and he f e l t  he was forced into the 
situation by the state o ff ic e . But you w ill also recall that he and his 
s ta f f  reaped all the glory after the withdrawal was made. His s ta ffs  who 
worked on the Congressional report received special achievement awards and 
recognition but Larry and myself who were the primary supporters of the 
withdrawal, and provided a sign ifican t amount of input to the report for 
the d is tr ic t , got not one le tte r  of thanks or an award for our e fforts!
And, now the d is tr ic t  wants to override a ll past efforts by not seeking a 
permanent withdrawal.

UNITED STATES G O V E R N M E N T

Memorandum
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Should their proposal be accepted by the SD, I feel i t  would be a gross 
injustice to resource management, sign ifican tly  devalue BLM's in tegrity  
and that of professional s ta ffs  who provided management input, and place 
BLM in a court su it situation by possibly both the mineral in terests and 
the public. The current proposal in essence says to me that a ll the

' t, funds and efforts put into th is present 3-year study evaluation are for 
W 'X   ̂ naught. The $63,000+ for the Utah Divsiion o f W ildlife Resources Contract 

» i s t u d y  for us on fish  and w ild life  resources on the Deeps means nothing 
A f S r the Pr°P°sal stands! The same applies to funds for other resource 

uc*ies *3ein9 done a ŝo*
i f * .  I cannot see how interim wilderness management can help the Deeps. It

^  ) has not been court tested and i t  s t i l l  allows for mineral entry. Unless
yjP'.JC permanent protection is  afforded/reconmended by May 3, 1980, the area

w ill again be open to mineral entry and you can be assured that Atlas 
* y Minerals and other companies w ill be right in there exploring and staking

claims with their "temporary roads". As a responsible resource management 
agency we cannot allow th is to happen. Certainly future management as 
wilderness should be our goal but in the interim we should proceed with 
ACEC protection until that time arrives.

We have taken management actions for native fish  and w ild life  resources 
in the Deeps to assure their  protection and that of their habitats. The 
trout Creek Habitat Management Plan (HMP) is  providing management for the 
sensitive Snake Valley cutthroat trout and a HMP is  underway for the 
entire Deeps for fish  and w ild life . The DWR is  actively  involved now in 
the cutthroats management there although now the d is tr ic t  is  opposed to 
DWR's e ffo r ts , a complete turn-a-round from their in it ia l  support. The 
SD, in my opinion, has allowed the DM to make inappropriate management 
decisions for the Deeps with no accountability. We must maintainsome 
semblance of management decision in tegrity  or e lse  the resource w ill go 
down the tube along with BLM. I can assure you that i f  protection is  
not afforded the Deeps and their resources, the BLM's management decisions 
will be challenged by the public. The Snake Valley cutthroat, in a ll prob
a b ility , w ill be nominated for o ff ic ia l l is t in g  under the Endangered Species 
Act should the withdrawal protection expire. This w ill certain ly complicate 
state and federal managementof the Deeps then, but at lea st i t  would then 
make BLM protect the species habitat! But we have th is mandate now by the 
ESA, Organic Act and our manual policy so why does the d is tr ic t  disregard 
these directives?

I recommend you support the original withdrawal study schedule and management 
objective to provide permanent protection of the Deeps and i t s  resources.
The position of the Division of Resources and other state o ffice  divisions 
should be in support of the original protective proposal and against the 
d is tr ic t 's  present proposal.

Enclosure
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BRIEFING REPORT

Extending the Deep Creek Mountain Withdrawal

By
Larry Lee 

March 19, 1979

On March 16, 1979, the Richfield D istr ic t met with the State Office on 
the Deep Creek Mountain Area. The purpose o f the meeting was to discuss 
the options available for the future protection o f the values id en tified  
with that area during the emergency withdrawal. Discussions centered 
around two options that may be availab le.

1. Protection under interim wilderness management, and 2. Extension 
o f the existing withdrawal beyond three years.

It was determined that protection under interim wilderness management 
i s  required. We must do th is  since the area w ill fa ll  out as a WSA.
In fa c t, more than the 27,000 acres must be studied. This does not 
preclude extension of the withdrawal.

Protection Under Wilderness Interim Management

Under interim wilderness management, we are required to protect only 
the wilderness values o f so litu d e, unconfined recreation , and natural
ness. By assignment from Max Nielson, I discussed the topic with the 
Regional S o lic itor . He pointed out that interim management for wilder
ness has not been tested  in the courts. He believes i t  w ill be.
Interim management does not preclude the staking and f i l in g  o f new 
mining claims. We should expect a rush to the area to stake claims 
i f  the withdrawal expires. I f  claim staking is  not done by Atlas 
minerals, i t  will be by other speculators based on the in terest shown 
to date by the Atlas Company. We w ill not be able to control th is  under 
the 1870 mining laws. The draft guidelines sta te  that discovery and 
location work will not be prohibited (page 15 9 .b .) .  Also "Patents to 
mining claims will continue to be processed and issued in WSA's"
(page 15 9.C .).

Save Energy and You Serve



The interim management guidelines use terms such as temporary impacts 
and undue degradation to wilderness values. Many o f the examples pro
vided in the guidelines of a c t iv it ie s  that may be permitted could i f  
properly controlled, protect most wilderness values but would not provide 
any degree of protection to the unique ecological values we have id en ti
fied  with the area. For example, temporary roads are allowed. Any 
structures or fa c i l i t ie s  that could la ter  be removed would be allowed.

The guidelines should be applied equally to a ll WSA's. I t appears that 
due to the identified  values in the Deep Creek Mountain Area, we w ill 
want to provide protection in a greater degree than we would be w illin g  
to enforce in other WSA's.

Section 3802.4-2 (access) o f the proposed new 43 CFR 3800 "Mining Claims 
Under the Gen. Mining Laws" give an operator non-exclusive access to his 
mining operations consistent with the mining laws. Paragraph (b) provides 
that the authorized o fficer  shall specify the location of access routes, 
but i t  does not say he can deny access.

Extension of the Existing Withdraw!

Since Interim management is  required, the withdrawal w ill only provide 
additional protection. In the event the Secretary-of the Interior does 
not go along with us on the extension, we have not lo s t  anything except 
the time required to submit the report. At the time we processed the 
original emergency withdrawal the decision was made that we would inven
tory to obtain additional information, and we would update our planning. 
The purpose for these was to provide the additional ju s tif ic a tio n  for 
extending the withdrawal. We have funded the inventories but were unable 
to update the planning. The inventories have supported our original 
report. They have even id en tified  some c r it ic a l things that f e l l  outside 
the withdrawal boundary.

By assignment from Max Nielson, I discussed the question of what would 
be required to extend the withdrawal with the Regional S o lic ito r . He 
reviewed both FLPMA and the Congressional Record on the subject. Our 
authority for the emergency withdrawal is  in FLPMA, Sec. 204 (e ).
This section states that the withdrawal "may not be extended except under 
the provisions of subsection (c )(1 ) . This subsection provides that 
withdrawals which terminate after the date o f the act may be extended 
"only for a period of not more than 20 years by the Secretary on his 
own motion or upon request by a department or agency head." He must 
notify both houses of congress no la ter  than the e ffe c t iv e  date. They 
have 90 days to consider i t .  The S o lic ito r  said i t  would be required 
that we provide the Secretary with an updated report o f the 12 points in 
Section 204 (c )(2 ). He did not believe an ES would be required. He 
f e l t  a negative declaration could be made.
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I asked the S o lic itor  i f  a report is  required i f  the State Director 
decided not to ask for a withdrawal extension. In th is  event, subsection 
f  is  applicable. It requires a ll withdrawals and extensions "shall be 
reviewed by the Secretary toward the end of the withdrawal period. He 
f e l t  we should make a report giving the reasons why a withdrawal is  no 
longer needed.

Wilderness Management vs. Management of an ACEC or Other Protective Designation

Prior to FLPMA under the management of the Salt Lake D is tr ic t , unique 
values were identified  in association with the Deep Creek Mountains.
Primitive area management appeared to be compatible and would provide 
ju stif ica tio n  for withdrawal and protection of the unique values. This 
was supported by the MFP. Withdrawal was the decision and i t  was submitted 
but not acted upon by the W.O. until the emergency withdrawal situation  
came up. The intent of management until the meeting on March 16, 1973 
has been f ir s t  for protection of the unique values and then prim itive or 
since FLPMA wilderness management. This is  a departure from everything 
we have presented to the public and our 12 point report to Congress.

Withdrawal as an ACEC or perhaps a research study area under the authority 
to FLPMA would not preclude management as w ilderness. The two are com
patib le. The only problem ex is ts  in the interim management and additional 
protection that wilderness cannot provide but that withdrawal could 
provide. Commitment to provide protection under wilderness interim  
management and eventual wilderness designation is  shakey at best. A lo t  
of questions are unanswered about our c a p a b ilit ie s , au th orities , how 
much w ill the "Interim Management Policy and Guidelines for WSA's" 
change from the current draft to the fina l?  How much w ill 43 CFR 3800 
draft be changed when i t  is  fin a l?  How long w ill i t  take to get these 
issued in f in a l, and how well w ill they hold up when tested  in court?

The withdrawal, i f  extended, w ill provide more sure proven protection.
It would not open the area to speculative mining claim s. It would 
eliminate the foreseeable problems and work o f reviewing and approving 
mining plans, monitoring mining a c t iv i t ie s ,  and opening discussions 
about access and e tc . for assessment work and other mineral* a c tiv ity  in 
an area where there is  very s lig h t chance that mineral values e x is t  in 
quantities to be economically worth going a fter .

Requirements to Extend the Withdrawal

It would be highly desirable to update the planning, but th is is  apparently 
not possible. The withdrawal action is  supported by the original MFP 
prepared by the Salt Lake D istr ic t O ffice, so a new MFP is  not e sse n tia l.
An ES could be required but more lik e ly  an EAR is  a ll that w ill be needed.
An update of the earlier  EAR would probably be su ff ic ie n t . There is



probably very l i t t l e  change I f  any in the lands report. The mineral
rH + iia?ath^aVe-t0«.ue rej lsed based on new inventory fiata. The one 
Sec*1204 u p d a t i n g * o f  the 12 point report required by 
a big job. 1 d thlS baS6d °n new 1nf° W tio n  should not be

Recommendation

I recommend we proceed to prepare for withdrawal extention. Thouqh i t
nc1! ^ - 1^ 50!16 Work d“r1ng the next 6 months, I feel th is  w ill save 
us w°rk in the long run i f  we plan to continue protection of the unique 
values associated with the Deep Creek Mountain Area.
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The Crardner L. Grant Company, Inc.
SUITE 405

300 MAMARONECK AVENUE

WHITE PLAINS, N.Y. 10601

914 - 438-5553

August 8, 1983
Dr. Robert J. Behnke
Dept, of Fisheries and Wildlife Biology 
Colorado State University 
Fort Collins, CO 80523

Dear Bob:
It was good to see you at the TU meeting. Thanks for loaning me 
your Rio Blanco study. I found it most interesting. (It seems 
there is a page missing following the paragraph under the heading 
"Stream Modifications". If you can locate that page and send me 
a Xerox of it, I would appreciate it.)

I will discuss our Beaverkill stream improvement matters with 
my partners (which may take some time^tiir doing) and if there is 
sufficient interest on their part, I will get back in touch with 
you to determine how you may be of assistance to us.

Best regards.

Yours sincerely

Gardner L . Grant
GLGrcw
Enclosure



Preliminary Analysis of the Rio Blanco 
Ranch Trout Habitat and Fishery
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INTRODUCTION

A cursory sampling and survey program was conducted on the North 

Fork of the White River on the property of the Rio Blanco Ranch 

September 27-28, 1980. The objective of our analysis of information and 

observations is  to diagnose the factors limiting trout production and 

propose options designed to maximize the quality of the trout fishery.

The term "quality" can be elusive and perhaps i t  should best be defined 

by the user group --  the club members. In general, "improving fishing  

quality" means to increase fish  abundance, which can be quantified as 

catch-per-man-hour, and/or an increase in the average size of the fish  

and proportion of fish  in the catch that exceed a certain length; for 

example, 12 or 14 inches.

This goal could be quickly achieved by stocking large numbers of 

large-size hatchery trout, but to most serious anglers, the word "quality 

fishing," is  synonymous with wild trout. Thus, our emphasis is  placed 

on improving conditions for wild trout. The f ir s t  concern to be addressed 

is  to determine i f  the trout abundance in the North Fork of the White 

River is  food limited or habitat limited. That i s ,  would the trout 

population increase i f  food production was increased, or, is  there 

already a surplus of food that is  not u tilized  because of a lack of 

suitable trout habitat? There is  no doubt in our minds that the trout 

population is  primarily limited by habitat and not food. This is  obvious 

from the high trout density found in the pools created by gabion dams. 

These pools have almost certainly decreased food production in comparison



;hat is  presently in short supply so trout 

mainly produced in the fast r if f le s  abovfe

ppt pools. In general, rubble found in r if f le  areas supports more 

aquatic insects than other substrate typeS.v  T h esis  followed by aquatic 

vegetation, gravel, and-large boulders. Sand and s i l t  are the poorest 

habitat for invertebrate production. Even in riffle-run  areas the 

presence of sand reduces.the invertebrate fauna.

The steep gradient of the river results in a natural river channel 

consisting almost exclusively of shallow, high velocity water with a 

rubble and boulder substrate (rock of about 4 to 18 inches in diameter). 

Such an environment is  good for invertebrate production, but is  lacking 

in s ite s  of slow, deep water with associated protective cover that are 

preferred by trout. The steep gradient and high velocity also causes a 

scarcity of suitable spawning gravel to 2 inch size gravel) and calm, 

protected areas favorable for survival of fish  in their f ir s t  year of 

l i f e .  The annual flow regime and water quality of the river are excellent 

for trout, which indicate some options to increase the abundance of wild 

trout.

During our brief v is i t  we did not observe a ll of the river on the 

Ranch property, but we did examine most of i t .  Because of the relative  

consistently steep gradient, a reach of about % to h  mile of river

THE RIVER ENVIRONMENT



appears to be representative of the entire river through the Ranch.

That i s ,  the characteristics of flow veloc ity , depth, and substrate at 

any reach is  repeated with l i t t l e  sign ificant variation throughout the 

Ranch (except for man-made modifications).

The U.S. Geological Survey maintains a gauging and water quality 

monitoring station on the North Fork at Buford. The data collected at 

Buford is  generally applicable to the North Fork through the Ranch 

except that flow volume of the North Fork, is  about twice as great at 

Buford as i t  is  through the Ranch (Lost Creek and Marvine Creek, tributaries 

below the Ranch contribute about 40% of the annual flow volume at the 

gauge).

1
F igu re /¿ illu stra tes the annual flow regimes for 1977 ( a dry year,

only 50% of normal), 1978 and 1979 (wet years with flows 10% to 15%

above the long term average). In relation to flows favorable to trout,

the striking feature of the North Fork hydrograph is  that even in the

lowest flow period of the lowest flow year, the average daily flow is

s t i l l  36% of the long term average daily flow. The long-term average

daily flow is  308 cubic feet per second (c fs ) . The average daily flow

is the total annual flow volume passing the gauging station divided by

365. The mean daily flow during September, 1977 a low flow year, was 
* 7 . - 7

■1]Z cfs (3$% of 308 c fs ) .

Based on numerous studies, there is  a defin ite  relationship between 

the annual flow regime and the quality of a trout fishery. The most 

cr itica l period is  typically  the base flow (lowest flows of late summer,



f a l l ,  and winter). A base flow o f 50% to 55% of the average daily flow 

is  considered excellent for maintaining the quality of trout habitat.

A base flow of about 25% to 30% is  considered fa ir . The lowest base 

flows in the fa ll of 1978 and 1979 equalled about 55% of the average 

daily flow.

The water quality parameters of the North Fork --  temperature, 

oxygen, pH, nutrient lev e ls , sediment load, etc. also indicate an 

excellent trout environment. If such a flow regime with such excellent 

water quality flowed as a low gradient, meadow type of stream, a biomass 

of wild trout of 300 to 400 pounds per acre would be expected. Because 

of the steep gradient, the North Fork can produce and maintain a trout 

population at only a fraction of its  biological potential. Between 

Trappers Lake and Buford the North Fork drops from 9600 feet to 7100 

feet for an average gradient of about 1.5%. In comparison, a r tif ic ia l  

spawning channels, designed to maintain optimum flow v e loc ities for 

spawning and egg incubation have gradient of .25% or le ss .

STREAM MODIFICATIONS

The action taken of construction of log dams in earlier years and 

gabion dams in recent years is  a correct reponse to the lack of suitable  

trout resting and holding habitat in the natural stream channel. This 

"stair-stepping" e ffec t creates deep, low velocity water and has been 

successful in achieving the desired results — trout are concentrated in 

the a r tif ic ia l pools. A future concern is  that, eventually, much of the 

pool areas above the structures will be lo st from the natural action of



at least one adequate spawning area^should be^avaiTable between each 

pair of dams, or fish  must be provided access to adequate spawning areas 

located in other reaches of the stream.' The few s ite s  where gravel does 

occur are found where the velocity is  disrupted and diminished (allowing 

the deposition and maintenance of smaller diameter substrate). Such 

s ite s  are typically  found next to the downstream end of an island and at 

the head and ta il ends of r if f le  areas. Such s ite s  can be observed and 

ways considered to duplicate these conditions in an attempt to create 

spawning areas. Areas near the head of gabion pools (ta il of r if f le  

coming into pool) or near a gabion dam at the downstream end of pools 

appear to maintain the proper current ve loc ities that would permit the 

establishment of spawning gravel. A gravel bed of two to three square 

yards will provide space for several redds. The a r tif ic ia l S-shaped 

channel offers areas where spawning gravel could be established, perhaps 

with the assistance of in-stream structures designed to maintain optimum 

v eloc ities (1-3 feet per second) (Figure 5). The problem associated 

with the S-shaped channel is  that the banks are not vegetated and the 

channel morphology has not yet stab ilized . This can result in high 

sediment loads.

We found several young-of-the-year brook trout (born in 1980), 

averaging about 3 inches. Only two young-of-the-year rainbow trout 

(about 1Yinches) were observed in small, shallow side channels. Our 

cursory observations indicate a probable shortage of suitable spawning 

s ite s  but we would point out that with trout reproduction there can be 

"too much of a good thing." Streams where trout have excellent reproductive



success and relatively  high survival of young are characterized by dense 

populations of small, slow-growing trout. Improvement of spawning and 

rearing areas should be approached cautiously.

Rearing or Nursery Habitat. During the f ir s t  year of l i f e ,  small 

trout (1 to 3 or 4 inches) seek protected areas of low velocity where 

they can find food and avoid predation. Pockets of slow water with 

vegetation, side channels, old beaver ponds, and small tributaries can 

provide good nursery habitat. Some of the gabion pools have created 

some areas of good nursery habitat but they also contain dense populations 

of large trout that are potential predators. The potential for improvement 

of side channels and small channels with seeps from beaver ponds might 

be examined. The objective would be to create areas of low velocity  

more than six  inches deep with protective in-stream and overhead cover.

In our electrofishing and angling survey we sampled about 100 

rainbow trout in the North Fork. Only two juvenile rainbows one year of 

age (completing the second season of growth) were observed. Our survey 

was much too brief to make firm statements on the lim itations of nursery 

and rearing habitats, but our observations lead us to believe that there 

may be a scarcity of adequate habitat for young trout.

Observations should be made next year on the potential for use of 

the a r t if ic ia lly  created S-shaped channel by young fish . This channel 

with some modifications, could become an important spawning and rearing

area.



We originally believed that we could accurately separate wild from 

hatchery trout by general appearance (short, blunt heads and frayed, 

deformed fins characterizing hatchery trout). We could not do th is with 

much confidence. Evidently, the hatchery fish  stocked were of good 

quality and were in the river long enough to assume a "wild"trout 

appearance. The scales from nine rainbow trout (six  from the "laundry" 

pool and three from the "lower pigpen" pool) were examined to discriminate 

hatchery from wild trout. The scales of trout raised in a hatchery 

typ ically  are characterized by a zone of regeneration and widely and 

evenly spaced circu li (due to rapid and uniform growth). Three, 

possibly four of the nine rainbow trout were judged to be hatchery trout 

and f iv e , possible six  were wild trout (one speciment had both regenerated 

scales but with "wild" type circu li --  possible a hatchery trout surviving 

from the 197^stocking). Interpretation of age from the "wild" scales 

indicates that the smallest trout of 10% inches is  age 3 (fourth year of 

growth), three specimens of 13, 13%, and 14% inches are age 4, and a 

specimen of 15% inches is  age 5. This is  good growth for rainbow trout 

in a cold, high elevation stream (Figure 0).

This very limited amount of data would suggest that perhaps 30% to 

40% of the late season catch of rainbow trout might consist of hatchery 

f ish , at least in the "laundry" pool and the "lower pigpen" pool.

If the majority of the members are in favor o f a fishery based 

entirely on wild trout, we recommend that hatchery trout not be stocked 

in the future. With no further stream improvements, the present CPMH 

might decrease by about 30%. The common arguments against the stocking 

of hatchery fish  can be summarized as follows:



1. Hatchery trout are of inferior quality in comparison to wild 

fish ; the a r t if ic ia l ity  of "factory"-made fish  is  not considered to be 

compatible with a quality angling experience in natural surroundings.

2. Stocking of hatchery trout can depress the population of wild 

troyt. This was found to be the case in the Madison River, Montana.

The fa c tu a l content of this statement depends on the density of 

stocking and the rate of catch. If stocking density is  high (about 50 

to 100 pounds per acre in stocked sections) and removed by anglers low 

(10% to 15%), then the sudden creation of abnormally high densities 

would lik ely  result in a stressful situation on wild fish  causing them 

to abandon their territories and increase natural mortality.

3. Hatchery trout breed with wild trout leading to a "weakening"'! 

or "dilution" of the wild population by making them less f i t  to cope 

with the harsh environmental conditions. Theoretically this may be a 

problem, but under natural se lection , very few hatchery fish  will 

survive to reproduce. In each generation the environment acts as an 

effective  sorting device, eliminating less f i t  genetic combinations.

4. There have been a few cases where hatchery trout have intro

duced disease pathogens into wild trout populations.

We recommend that the quality of the fishery be monitored in 1981 

during June, July, and August to document an average eatch-per-man-hour 

and size of the trout caught by species. If some members believe that



stocking is  necessary in 1981, stocking should be limited to{a section" 

of the fiver  witlj|"dnTy' a few of the most accessible pools. This would 

allow for both a wild trout and hatchery trout fisheries as a comparison 

basis for an informed management decision.

We fished in the lake briefly  and caught several brook trout 

averaging 14 to 15 inches and several cutthroat trout of 15 to 17 inches 

(and one rainbow trout of 14 inches). The condition of the trout in the 

lake is  excellen t, denoting an abundance of readily available food 

(probably consisting mainly of the amphipod Gammarus commonly called  

freshwater shrimp or scud).

The cutthroat trout found in the lake is  the fine-spotted Snake 

River (Wyoming) cutthroat trout. This particular cutthroat trout can 

give excellent results when stocked into lakes because of it s  wide range 

of feeding. The combination of Snake River cutthroat trout and brook 

trout will increase the total trout production beyond that possible with 

either species alone. This is  due to the phenomenon of ecological or 

interactive segregation whereby each species becomes more specialized  

in it s  exploitation of the resources when occurring in the presence of

THE LAKE FISHERY

other species with somewhat similar niches.

more e ff ic ie n t u tiliza tion  of a ll of the resources.

We recommend that stocking of young Snake River cutthroat trout be 

made every other year. A stocking density of 3,000 to 5,000 two-three 

inch trout should be su ffic ien t. The physical features are present to



create spawning s ite s  in the in le t channel to the lake by structures 

designed to modify flow velocity so that clean gravel beds would be 

maintained.^<8ome control of spawning population size might be needed to 

prevent the improved spawning conditions from causing overpopulation and 

stunting of brook trout in the lake.

The introduction of crawfish into the lake might be considered.

The crawfish, i f  i t  could become established, would provide a large food 

item and would promote rapid growth of large trout. If crawfish became 

abundant, four and five  pound trout should become more common, Crawfish 

can also exert effective  control of rooted vegetation. Biological 

control of vegetation would be preferable to chemical control.

A small, red-sided fish  is  reported to occur in the lake. We did 

not see this fish  but we would like to know what i t  is .  If specimens 

could be obtained and preserved or frozen, we could identify the species. 

In general, introductions of "forage" fish  into a trout lake is  an 

unwise management practice. Most minnows eat the same invertebrates 

that trout feed on and, when abundant, these "forage" fish  can greatly 

decrease trout production.

The mottlej sculpin, Cottus bairdi, was identified, from the river.
A

Although the seulpin's d iet is  similar to that of the trout,and sculpins 

prey to some extent on small trout, they are a preferred food for larger 

trout. We do not consider the sculpin to be any threat to a quality 

trout fishery. The sculpin impact on the trout population is  probably 

negligible either as a predator-competition with young trout or as a 

food source for adult trout.



REGULATIONS

We do not have su ffic ien t information on which to base recommenda-
YtccdL

tions for the type of regulationsidesigned) to maximize angling quality. 

Regulations based on sc ie n tif ic a lly  sound data should be a priority for 

a future fish er ies management policy. We assume that most members 

indulge mainly in a non-consumptive fishery (releasing all or most of 

the catch) but some of the members a ll of the time and all of the members 

some of the time want to keep some fish  to eat.

A self-sustain ing trout population in a good environment can sustain 

a considerable harvest by angling without sign ificant depletion of the 

population. This is  due to the fact that angling mortality and natural 

mortality are largely compensatory. That i s ,  the more fish  killed by 

fishermen, the fewer that die from natural causes. A population with 

good recruitment of young fish  and high production (for example, where 

the biomass replaces i t s e l f  annually, the production/biomass ratio is  

1.0) can sustain a relatively  high yield  to the creel with only a short

term depletion of numbers. For example, a fishery that averages a 

biomass of TOO pounds of trout per acre might yield  a harvest of 25 to 

50 pounds per year and in the following year the biomass and' size-age

structure might remain unchanged because fishing mortality has replaced
L

natural mortality as the main source of total mortality (Figure J ) .  A 

good rule-of-thumb is  to watch the CPMH and the average size of fish  

caught. A noticeable reduction in either is  a danger signal.



Information would be needed on recruitment, production, size-age 

structure, mortality rates, angling pressure, and angler preferences, 

before the "best" type of regulations could be proposed to maximize 

angling quality. Types of regulations that can be considered include:

1) a minimum size  lim it (a ll fish  below a certain size be released), 

th is insures that a ll fish  have an opportunity to spawn; 2) a maximum 

size lim it (a ll fish  over a certain size released), this w ill stockpile 

large fish  fora trophy fish ; and 3) a "slot" lim it (a ll fish  between 

certain sizes be released— for example, release a ll fish  between 10 

and 14 inches) a combination of the above. Each type of regulation is  

designed to work best in response to certain combinations of the inter

action between fishing pressure, population dynamics, and the desires of

the fisherman.





Gabion Structure

Figure 3. Plunge pools created and maintained below stream structure.
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Figure 6. Probable average growth o f rainbow trout in 
North Fork White River based on limited scale 
analysis.



Figure 7. Hypothetical and idealized size  and age structure of a 
trout population at the end of the growing season.

Assumptions for this model are that natural mortality rates are 

relatively  low, growth and reproduction are good to excellent. Anglers 

remove only surplus production, 80% or less of the average annual 

natural mortality (overexploitation does not occur). In general angling 

mortality can substitute for about 80% of natural mortality (about 20% 

of natural mortality is  "density independent" and would occur depsite 

angling mortality).

Overexploitation by anglers w ill occur i f  the number of trout

removed by anglers equals or exceeds the numbers in the surplus production.
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memorandum

To: Regional Director, Vater and Power Resources Servicei\cy » u m « , • r — - , ,, % *Lower Missouri Region, Denver, Colorado

m IÊ Ê È È Ê M M  Manager, Fish and Wildlife Service, 
i Salt Lake City, Utah

Subject:-Biological Opinion for 
Colorado .

Colorado - Big Thompson Project,

|„ response to your November . I
Colorado-Big Thompson Project. t h . | H H  
prescribed in the Section 7 lntera^. y d the Endangered |
i 02) . published in the January k, 157«, Federal 
Species Act,of 1973, 16 U.S.C. 1531 et seq.
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! preservation of endangered fish species, 

p D e s c r ipti 1 on
~ u  Inrpted in Grand. Summit,, andWBRmmm mmHHN SB Ml fr°m«
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' . h i <- the Green Mountain R e se rv o i racre feet. Another part of the proj-tjs^the^.ee^^ ^   ̂Weter
on the Blue River in l|||| as well as power iteration,
which is diverted from g N  ¡ L J  5 2 , 0 0 0 o f which is for _
reservoir has a c a p a c it y  of 152,000 || klng power p ro d u ct .on. Qn
replacement purposes, and 100,000 t purposes. The Colorado-Big Th P
water Is also available fo^_^ep.ater to some 7 2 0 , 0 0 0 acres of land.Project provides supplemental water to . .  ̂^  ^  .

in addition to 1 rrigat 1 on, ^h^ p^yeaa^e^nduS'trl̂ a 1 purposes and power
east slope annually, is used for mun.c.p .
production on the eastern slope. v \

Basis f o r  Opinion

Colorado Squawfish, H u m g b a ^  Ch^, and Bonyta^l
River System from the
the squawfish is 1 e

U r o f c a U f o ^ n i a  ^

Major impoundments « » K d ®  stream flows, thus reducing hab.tat 
altered temperature, turbidity,
endemic fishes. h. the increased number of exotic
A 8 * 2  Important cause of Tfunction of habitat changes,
fishes, but ‘h '^t! ^ 5e°x!stnbetween declining f ji*Jy

indbt„creasing WC,Ull! l

®t»SS| ifr ^  u l u M W  s w " t  -d'turbid, and access is 1 - t e d  ,n m-ny

reaches. ,. . , !n Apr!1 1373* .
A Colorado River Fishes 1 dt‘ife^Sertice (FVS) personnel
This team Is staffed End Power Resources Service (

l i f e  history reguireme
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of 1  ®  m b e s .  B e « u « m s  r a
f i e l d  work i s  in the  Gjeen  and Colorado Rtve » r e a t e s t .  Information
where Impacts from VPRS and^BLK projec   ̂ h a tch ery  work w i l l  make
obta ined  during maintain and deve lop  more
B p M ^ W g >  th e  Green and Colorado - e r s .

Reports eh'-*' that the squawftsh, bonytall and ^“mpb^  recent I *  surveys .
* P l i n i n a  throughout the. Colorado River dra"n®9 , . ' hubs *,n the Black Rocks
have identified populations c-nyolfalong the main Colorado River.

I  | i  r ^ , - j

Capture of endangered f'1 sh“5 11I t i - S  1 ^ § ^ « 8frequency to suggest use ^  _f the Hiahiine Diversion was questiona^e
occurrence of endangered ¡ H K m I  ¡nd has been in place since | * 9 < W  
because the diversion may be to capture endangered fish «n this
Also, several collection eftorts had fal P d g| adult humpback
area. However, during the summer of 1380, t h ~ The extent and exact 
chubs in Debeoue Canyon a few miles aaove thr exlstence adds sign!ficance
distribution population s t r o n g h o l d s  throughout
to this river section. « W i B W W .  P
this entire area of concern is ess-iuici
these endangered fishes. „ .,.rt
I  continuation of the■ M b B M  I
. early l ^ O ’s. Th? / 'rSt. ̂ " ^ “ colorado squawfish and the humpback chub have fine there is evidence that the Col  ̂ . H f,Br to be maintaining

successfully reproduced In the Ct>’°rao°. 'v® „eede^to remove them from the
Strelr numbers, albeit -chlojer than^hat _ t, no evId of bonyta,.
endangered species 1 is*. At P without any increased diver-ion
chub reproduction in M B S H H  Basin, there is no reason to
H M W  H I  W t m  » .In a further decline of these species.

Peregrine Falcon
Continued historic operation of the ^lorado-Big
jeopardize the existence of the lrcal all times
along, the Colorado River and °" £ ^ 1 ^  ^  M r c  EyrlttS 3re located
of the year. The possibility | 0. however, the location oi any
between Grand Lake and “""this'tim».’ Thekontlnued historic operationspecific nests is not known at this t,D..



of the project w in  not cause a decrease In habitat which the peregrine Is 
dependent upon for Its existence.

Bald Eagle
Host bald eagle use In Colorado is by wintering birds. Major concentrations 
are found along the Green, White, Yampa, Colorado and South Platte Rivers.
A group estimated to peak at *i0 to 50 birds is located along the Colorado 
River between Debeque and Silt, Colorado. This area also contains three . 
nest sites at which eagles were observed In early 1080, but which produced 
no eggs. Lesser numbers of bald eagles winter at Green Mountain, Shadow 
Mountain, Granby Reservoir and Grand Lake. Continued historic operation 
of the Colorado-Big Thompson Project wi11 not jeopardize the existence of 
bald eagles. Essential habitat will not be impacted by the continued 
operation of the project. . • /.

Whooping Crane '
Whooping cranes are seldom found in the South Platte drainage in Colorado. 
However, the Platte River and associated wet meadows in Nebraska are 
Important resting and feeding areas for migrating- cranes. ^The increased 
flows In the South Platte River as a result of the CBT project may have ; 
helped to maintain whooping crane critical habitat along the Platte River 
In Nebraska. The continued operation of the Colorado-Big Thompson may help 
to maintain habitat for the whooping crane in Nebraska.

it should be recognized that this biological opinion covers the continued 
historic operation of the Colorado-Big Thompson Project. Should there be a 
change in project operation which may affect any endangered or threatene 
species, it will be necessary for you to consult wi th us again.

r
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?&ver/i03r'ê!0,: . : ' CON GRESSIONAL" ICECORD -^B O U SE - W U 0 7 3 : £
' v: :;.v jio praised: the 6-year-old - foundation.' as 

pretty good group* or people; They know 
I . d sp ur smeu ra/.*. ./¿’ho report Is -“valuable

h*ca\tso It. is-all concrete recommendations 
I'Cri-rather than, generalities» something we-can. 
$£$ with or disagree or modify*. We can get
•/Z.; our teeth Into It/' .* • ■;■'• \-v .

Vv Vouiner said Meeso had told him.'the Rea.- 
'¿¿¿IgotXi team “would* be-relying heavily on it.”
( tv The $100,000 study,, entitled. “Mandate for - 

■* leadership,“ considered individual programs•: 
KB in all the cabinet, departments and inde-;. 
a ;> pendent agencies, in nearly-a year* of volun*

.tear labor by 250 present and former gov- 
/ i f  emment workers/ consul tan ts,f scholars, ex- 
/>: administration^ /officials /an d  ‘researchers/? 

Feuiuer said,:. If its* first;- objective was “¡to 
roll back big government/* the second was 

f f '-“do show- that •» conservatives * do have new 
Ideas/* he saidtsW . >< #*wr ‘ TA-t''/

*f*':?-iTfc Is- -clearly • a -hope chest* -of the - main-/, 
fi;' stream right wing,.predictably coming down* 
sjp hardest on environmentalists and on minor- 

programs,-restrictions on/the* military, 
the intelligence communities and free’ enter-;! 
prise.* As a  step-by-step road map to realize.*-• 

pT. tion. * o f .meet o f *Reagan*s • campaign • prom-'f 
ises, much of it could serve as a  handy guide 

~T;for a later check on his performahce.*!^*V;*
* There are several ./noteworthy omissions,! 

;*/■- There* is- no call - for-; constitutional - amend- / 
ments prohibiting- abortion ;or- requiring a : 

rf:.balanced: budget.>“We took aV departmental 8  
^ ‘approach/* recommending action within, the |  
/ ’/executive branch». Feulner explained. Neither 

does the foundation call for. elimination of -  
VC the .Department. of* Education,/.which had- 
J’/  been demanded by some conservative groups, .V 
- palthough It' does:propose ;:stiff-budget* and 3 
fe* program cutbacks*.*.*/*,*** r/iVypva^C- .-3L*%s. • >-;/
•/////Instead, the study pinpoints. For example,/; 
>*;•;several, administrations. have called, for ac-Z 

cel era tion of offshore oil leasing programs./., 
if.. The- foundation’s v analysis' of * the Interior/*' 
fHOepartroent^. describes- t h e • existing. Outer*--' 
^//Continental Shelf .five-year plan as, “tlmld“;f  
•’r and - goes so., far-. as I to -pick certain lease’r 

v*■*;parcels—̂ Ncs.- 53 and 681 in .^California and II 
*;/ No. 63 in the Gull of Mexico; among others—-/./ 

to be .moved .up in- the -schedule,-.outlining. , 
IV the“ various regulations on advance;, notice -•' 

and spotlighting paperlshuflling bottlenecks.;’. 
: / / /  Such, detailed • proposals are- .everywhere--- 

in .the ..study,.and. If.accepted,/would. save * 
tho ** incoming | ; adminlstr ation/'month’s ; *bf‘. 
learning 'the ̂ bureaucratic ropes and decid- L*. 

¿.ring how best to achieve Its goals/-“This will */ 
///b e  the;first time a president has-ever beenjl 
/•"; th is well prepared to take over,” said Robert*/ 
f.f Terrell, . a--.House - Interior - Committee staff' 

‘member who - chaired "the "-Interior Depart*-'-  ̂
ment report task' force.- .TV?

./; /^/There is realism/ **The.politicaVfailout-/T;V 
& will*be great. Opposition will be savage” to'; * 

the general downgrading proposed In they 
' poverty program review, the analysis says/A'
*' civil rights division chief is needed in*.the.
"* Justice Department who can “take the heat“ /

. that will follow his proposed dropping of on-
* going civil rights lawsuits. 1Z ./Yf .*C; *<
;: •. Along with the' repeal of affirmative action E 
-orders on minority groups and. the handicap

ped, the analysis of the Justice Department’ 
v/ould require “clear proof of. intent to cl is-. |

/  criminate“ and not just a headcount show- ’- 
ing a pattern of past abuses in order for legal 
action' to be taken, “It is Inherently wrong to’

* penalize those who have earned their reward - 
by giving preferential treatment and benefits 
to those who have not,” the report says..»
f The - study advised '-Reagan to *recognize‘ 

.“the reality of. subversion and \ to* put}^em
phasis on the un-American nature of much 
so-called Mlssldence/ “ Recommending abo- 

*. IItion of many specific restrictions on domes
tic intelligence work,-the*report said, .“It is 
axiomatic that individual liberties are sec- 

v ondary to the requirement of national ¡>ecû  
rity and internal civil order,” - - c , . ..

t^ S om e positions reflect division -within the
• right. For Instance, the Justice study calls 
-fo r  legislation .to abolish - the so-called ex-
* elusion ary rule that prohibits Use In criminal 

trials of evidence taken Illegally, an idea 
-opposed by the.*National Ride. Association.

-:*Tho. Interior report would .reUu-rr-:to -the 
states control over most mining, reclamation 

> and water rights, but does not specifically en- 
-* dorse legal- action rto. transfer, land to tho 
..states, a goal of the so-called Sagebrush Re- 
- bellion.that Reagan, has applauded. 

v,-i,The-Department of Dnergy.would be Ve-“ 
v duced to a.form much like its-predecessor, 

i.th e Energy Research and Development A gen- 
\ cy; with some of its functions reassigned to
- Commerce* or; Interior-and others, ’like the
- Economic Regulatory / Administration, * sim- 

ply dropped. All'federal'involvement In en-
/cergy sales- and -distribution *-would * end, and* 
/.th e department itself would be removed from 
./cabinet status In 1933. / ‘The*.mere existence 
;■ of the department implies too*, much federal* 
: - involvement In energy/; said DOE study team* 
aleaderMUton Copulos.
; ' ? ■ ;Eaviroìamentariy’Ì̂ ottó!ô
/  would lose :its ̂ enforcement- function to the 
/states and its research arm*to other agenclea t  
f  becoming : mainly a ;cx>ordinating- and .trans-', 
/.mission - polnt~ for policy* recomm end a l ton s 
;^darbltration .of. inters tate disputes/r ISSrJH 

detailed approach to rewriting the Clean. 
Air and Clean Water acts is outlined;'while 
“zero emissions” goals wmild .be dropped in 
favor of a .total human environment” guide-* 
•line requiring- equal .consideration of jobs,' 

v recreation - and other -economic factors oc- 
-cording to. ERA.study chief Dou-Cordla.'“Ah’ 
propams and policies will have to.be reap-/

/  praised, .turner* • av cost-benefit,, ’‘•risk-benefit 
dys!s/;_h e said. 4 : ? C, * ra n a l y s i s , ___rvt ....

/ /T h e  foundation called its -report - a. draft- 
and said It would be published as a book in 
January./r/'V/i t■*; "--/:*?

,CO NfEE5n\:cS:P ^ O B T ;O N  'V72i
. -YATSS tlic ‘ jrolio\vlntf*
conference'reoorfc and state.-nent on t h e : 
bill (H.Tt.- ,?724) 'making- appropriations: 
for .the Department of .th e Interior and  

. related agencies for the-fiscal year end—’
• ing,Septem ber Vand' .for.- o th e r -
.: purposes; . * • : < * * . & ' / -

Hsprlf No/’ 4*70) /  *
- v committed of conference^on:the dls/^
agreeing-.votes-of the two Houses * oh* the4 

. amendments or the Senate to .the* bill (HR. 
,-7724) making appropriations for the Depart-*
■ oi the interior and related agencies for. 
the fiscal year ending September 39,1931, andl 
for* other puurpcses, having 'met/'after full 
and free conferance, have agreed’to recom
mend and. do recommend to their respective 
Houses as follows: ; .*.* j 1
; t'That toa-Senate /eeeds irora^it'/etnend/ 
ments num^ared 10, 29, 01, ioi..l02, 105
115/113, *125, 127, and 131. - f. / : / /
• That tho House recede from- Its* disagree- • 
ment to- <• the amendments of the Senate

U > w W ^  H  33, 38, 39, 40, .41,. 47; 59» 63, 75» 77, 79, 89, 90, 92, 97.- 
98 104,‘J14, 1X7,. 120, 121r 122/ 125„ 129, and- 
130, and-agree.to.the same. ... . •, ,r-

. Amendment numbered I; •XhsCthe Jlouse 
recede from its disagreement to the amend-- 
ment of the Senate numbered 1, and agree 
to the same'with an amendment, as follows*
In lieu of the sum proposed by said amend-* 
ment insert *”$343,962;000”; and the Senate- 
agree-to theisarhe. -*  ̂ * .*
.-Amendment numbered 3:'That the House 

recede from its disagreement to the amend
ment pi .the Senate numbered 3, and a^rco to 
the-same with .an amendment/ as follows*
In lieu of the sum proposed by said amend
ment Inserfc'“$103,000,000”; and the Senate 
agree-to* the*came. . • *;̂  *"•/ * *.* .A; ,

‘“-.Amendment numbered 4: That tho Houso’/  
recede from Its disagreement to the amend- / 

.ment of the Senate numbered 4, and agree, 
to the same with an amendment, as follows:;. 
In lieu of the sum named by said amendment '

• insert “$58,200,000”; and the Senato .agree .
;to the'samo. ** * *. •/--*.-■*•*• c.-î,
-r Amendment numbered 7 : That the Housed* 
recede from its disagreement to the amend* - 
ment of the Senate numbered* 7* and agree

- to the same with an amendment, as followsr*
. In lieu of the sum proposed by said amend-— 
•ment insert “315,980,000“;^and .the„ Senate . 

b*.agree to the same. . j., v ,..r*
. ' ÿ. Amendment numbered 8;-That the House - 

recede from ita disagreement to the amend* ;• 
•ment of the Senate-numbered 8, and agree

• to the same with an amendment, as follows:-,- 
Restore the matter stricken by said amend- *.✓

- meat amended to read as follows: .
miBAïr ï âxk aììd ascekation fund

- .‘•' For- expenses necessary ’to carry * out ’the .
- provisions of the Urban Park and Recreation * 
, Recovery Act of 1978 (title X0 of Public Daw :

95-625), $20,000,000, to  remain available un* *
* ; til* expended. ;**■' **s:; C*r; * ,*. *.::/ “f  {* “  zjf < ̂ *1

the Senate agree to the sameAVz\" /’!*/1v /  
^/Amendment numbered. 9 ;-That the Ho'use"* 
: recede from it s ‘disagreement' to the amend*
. -ment of the Senate numbered 9, and agree to J.: 
/the same with * an* amendment, as follows; v*
• In lieu of the sum proposed 'by said amend- * -~ 

meat insert *“$378.593,000“; and the Senate-.
• agree to the same. ** |  •.*-**̂  * •-**-......\  'H*

Amendment numbered 13: That the House 
preceda* from ira disagreement to the amend-
- iaent of the Senate numbered 13,.and agree'-*’ 
; to> the same with an amendment, as follows:” /.

In lieu of the sum proposed by $atct amend*- ;*î 
ment insert “$80/2X1,000”; > and "the Senate -:

. agree to tho same, ÿ r . , - -/'■
* . Amendment numbered 19: That the House *
_ recede from its disagreement 4b- the* amend* -* 
; ment of thé Senate numbered 19, and agree “ 
..to the same with an amendment, as Xollo%ysr P 
In lieu of tire sum proposed by said amend** */ 
ment insert *“$37,897,000”; r and .the* Senate \- 

p agree to the same. /
,:*» Amendment munbered SO: That the House /  
‘ recede from its disagreement to the amend* *
. ment of the Senate numbered 20, and agree Z- 
*• to .the same with an amendment, as follows:-/, 
: Restore-the matter stricken by scid amend- /- 
ment amended to  read, as follows:*/v *c/' Ç  )7%/. 

tf^MïÇRATOaT 'BXED CONSV.EVATXON ACQQxSB S 8 ŵl 
r * For an advance to'the migratory/bird con- ’’ 
-. servation account,'as' authorized by the Act pi
• p i  October *4; 197i;- as amended (16 U.S.C. •" -• 
.715k 3,* 5), '• $1,250,000,* to iremain available y

I until expended. */* -  *"• **'' *'* *.* - y  y ■ ;’*/%
::;̂  And tho Senate'agree to thè same. ^V

/Amendment * numbered 25: That' "the 
House recede-from its  disagreement to  the > 
amendment of the Senate numbered 26, and *.*/ 
agree to the same with an amendment; as . 
follows: In* lieu* of the sum named by said • 
amendment Insert "$200,000“; and the, Sen* - ;' 
ate agree to the same. ; /  ;.-j % -**

* v'Amendment numbered 27: That*the House**/'
recede from 'its disagreement to the amend* // 
ment of the Senate numbered 27, and agree* -' 
to the same with ah amendment, as follows;.—-. 
In lieu of the sum proposed~by said amend* * * 
ment insert *“$43,357,000”; .and the* Senate 
agree to the same. / r .T. - * : ¿- v̂;
. '•Amendment numbered 36; That the H ouse;ÿ 
recede from its -disagreement to the amend* •**;» 
ment of the Senate numbered ’36, and agree*/:, 
to the same witli an amendment, as follows:
In lieu of the sum proposed by said amend-:*;**, 
ment insert #,$ 107,CO1,000“; » and the Senate * 
agree to the same, . *£*;* : V«/i*/- >Z'

Amendment numberecl 43; That the House **/- 
recede from its disagreement to the amend*-./*:*: 
ment of the Senate numbered 45, and agree- :/: 
to the same with an amendment, as follows h.-* ; 
In lieu of the sum proposed by said amend*/ -.; 
meut insert “$139,428,000”; .and the Senate; ; 
agree to the same. m  .. ... s*. ///:

|i» >c*mi - ,:({ m
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HS| CONGRI^SION^ÄECORD- -’H O U S E 1'
v- Amen am s i l t ’s numbered * 46: /T h a t-' the • 
llouse recede from ita disagreement; to  the 
Amendment of the Senate numbered- 46/ and
»¿¿rea. to the same* with an- amendment, as. • 
oilows: In- lleu-of*the sum proposed by*satd. •*: 
.mendmeat- insert -“$107,726,000’*;. and the- 
enate Jigree to the same». ,*
Amendment munbered 46; That the House - 

ecec!e from Jts disagreement to the* amend— 
aent of the Senate numbered 46/. and agree-.. 
lo the same with an amendment, as follows; 
n lieu of the sum proposed by said- amendé * 
Went insert '“$9X833,(X)0“; and the- Sena ter 
sgree to the sache. ,.'■>* - .* -, h,„ -j* .%.•£ < *.

Amendment »  umbered 49 : Th at the House •• 
■ 'cede- from Its disagreement to  the amend-“, 
pent of the Senate numbered" 49; and p,?r$é f 
p  the same with an amendment,'^ followsr* 
n lieu of the-sum proposed by'¿aid amend- • 
R ffi M M  and- the Senate- V
sgree to the same.. v*fs v> :t-.\ "...
Amendmen t number ed 51: That the House* - - 
rcede from, its disagreement to-tha amend- I 
^nt of;the Seriate numbered hf,. and. agrees .. 
the same with an. amendment.as follows--^ 

fa lieu or the sum proposed by said, ¿mend- >' 
bent Insert “6612,739,000-;- and the- Sénat*-' 
ïgree to the.same..,-'.

recede from. Its disagreement to  tha amend- 
pent of the Senate numbered- 53; and. agree* * 
P  the same, with an.amendment^as.followsJ - 
J** ^e'* the- matter.--proposed, -by said.. ‘ 
fmendmen fc insert : : t 7’ |  *v ^ m  ̂  /  - ;.. : / t. . : ./.

- - sx b u *  Xn o ia n  Cla im s;
For payment to  the Eastern- Indian band’̂  

piairns Settlement- Eundr $31,500,060; to re--’ 
hatu avail able-until expended,, to settle- the-, 

■and claims of the- Passamaqnoddy Tribe- the* I 
pnobscot -Nation, . and Boulton * Band!- o r  * 
■Xallseefc Indians in the State of Maine:- - -  --- •/ 

And the Senate agree to the •-•;.
^AmendraenVnumbered S$? That the House- - 
êcede from- Its disagreement to the amend

ment of the Senate numbered 66, end agree 
°  ™  sam- '̂îth amendment, as follows-** 
i lieu of the sum proposed-by said am en dé  

p en t insert - *372,284,000’'; and-' the -Sen a ter • 
l^ree to the same» ; - ;v*. ¿’ _ /

Amertclmsn t nurobem} 57 r
“uede from, its-- disagreement- to the amend- •’ 

■**e5îf °r the Senate numbered-57, and mms&ÎÏ 
P  fp i same with an amendment, as*follower 
^  lieu of. th» sun* proposed by said amendé- 

*’̂ 68'0° 0 ^ ‘7-*.und the*: Senate J

Amendment aujQbered.60i WaCthfeHouS5J.; 
|ecede> irom.lta disagreement. to Che- amend—- 
pent of the Senate numbered 60. and: agree-
I n  f P f p p P ^  z a  œËÊÊ**  ioDowarr- i «  oi f i i  3U^  proposed by said amend. 
b -ee "V3.3W0<X’land tb^ .Senate.*ee to the same» ,-... . .

Amendment numbered 611 That the.House 
f e ^ S  1  disagreement to the M i l  
p en t of toe Senate numbered 61 ; and agree
K  h e u ^ ^  3a ame“dEr<ent, as follows rr < 
■ B S H S B H p  proposed by said amend- 
i^ree todif» a537-619'000": »»<1 the. Senate

W a Ê Ê S m a \“,mbered ®3' That tbe Housi
■aent or ? ?  ^  disagreement, to the amend- 
K i / :  f th* w B È m  W Ê m m Ê È m i  ànd ogre*.

nœendment, es follows-
K  J  f « r .  ou m  Pr°P °sed  b y  s a id  a m e n d -l | |  W Ê Ê È È È Ê Ê Ê È Ê Ê m  W B

Amendment numbered 69.- That thé 
disagreement

K  fvTea f th Senat^ numbered 09; and agre».
In reuSofn^ W Ith Rn t'n'endmed(r. as-follo’wss 
t e n t  PT0P°sed M W
^rel to toê amef’110’00̂ ' *
■ n«ro^rod M M  the House
feaf^or’T ?  0  disagreement to the amend- 
■ K M » »  numbered 70. and agree-
In 1̂ ,  r inl r,lth mi‘mend‘Aent, as Tollows;|  lieu of the sum proposed by said amend

mbntr 1 nsert-• **$56,136,D00-**; nnd->tho Senate 
agree to the same,**», vr : .5 v,*...

Lg Amendiuent numbertd:7l*r That the*Hous» -
• recede from Its disagreement* to the*amend- 
ment of the- Senate numbered’ 71,-and agree 
to the-same with an amendment, as foliowsr 
In- lieu of the sum* proposed by said amend
ment-insert ‘*3879.814,000*  ̂ and the* Senate 
Agree to the same. *-*«*-.->-*. - * *- v.j > P  «
- * Amendment numbered 72r That the House ' 
recede from-its disagreement to the amend- • 
meat of the Senate numbered*72; and agree 
to the same with all amendment, as follows!..*.. 
In lieu of the sum proposed, by said* amend- • 
ment Insert -$197,262,000*'; nnd.the.Senate • 
agree to the same.’. -*• *; '.

• * .Amendment numbered 73Ì.That’the House! 
recede, from. Its disagreement .to the amend“

„.merit oC the Senate numbered. 73,.and agree* 
to thasame with an amendments as follows^!!. 

: In lieu of the sum proposed by said amend- I 
;ment insert.‘*$378.586,000’,; and..therSenate.; .'
agree to. the same»..* .N.*. .„ , v>.:. .-J V

Amendment numbered 75r That t i e  Houso'- 
; recede, from its disagreement.to the« amend-»* 
ment: oL the Senate numbered -75,. and agree... 
to. the same with an amendment*, as follows;,. 
In. lieu o t  the sum proposed.by said .amend--*"

• ment. insert “$353.662,0C0,;t.and,the.Senate-!
..agree to-the same«. ¿2:7+1:r**^,.*,v.‘;**

" Amendment, numbered 83 r.That^the House" " 
recede- from ita disagreement to th a amend - 
merit o f the Senate numbered.83^ and agree* 
to the same with an .amendment,'¿s-foUows:. |  
In lieu or the sum prooosed by said, amend-- - 
meat, insert ‘‘$423,300,C00*V and^thi. Senate. 
agree to the same«/ ^ /  *" '/$y? /' yt:v m  ^

*-•••*’ Amendment..^^Jnumbered’ ÌÒ3 t^À àt-7 .the-! * 
.’House recede from its disagreernent to.̂
*„ amendment of'the Senate numbered 103, andl 

agree. *to the ^.nie with m :  amendment, a3 *
; follows:, tri lieu of the sum proposed by said.
. amendment insert V$i2,857,000y and the Sen
ato agree to the same. . ¿yvfiBm 'S'. ~ *....r.

Amendment”t numbered iVip5;/':That ;the“ 
House -recede from- its- disagreement .-to ! the.

- amendment ofthe Senate numbered 105. and
; agree- to* the- same wi th; aa ’ amendment; as * 
’follows; In lieu of*the sum proposed.by said 4 
•.amendment. insert • “$ 117,665,000**;;. and the*
’ Senate agree ter the* same» ; « C «/

: *Amendmentr ; numbered: ?;iÓ7Ì^T hat\thV% j
- House recede- from* its disablement, to* the'
; amendment of the Senate numbered 107, and-- 
agree to the same'with an amendment,:as>; 
follows r. In lieu of- th» sum. proposed by:said} 
amendment insert M$7.539,000*^ mid the. Sen- |  
ate agree -to thasam e,, „ ‘ — - ...

.. • Noveynber '$0/1 OS.

:;Tvnv̂ >5**'Ĉ

as follows:- In. l!eu*of the mjm* proposed by 
sold" amendment Insert- **$2,443.0cV‘p and’ 
the Senate agree to the same»*.-■*.*:*.*7 *v .*. : 1 
•-* The - committee o f ‘conference report- in. 
disagreement amendments numbered C;*12y 
¿§1 18r 17; 22; 23, 24, 25̂  S0r . 31, 32,. 34,. 35P 
37. 42, 43, 44, 52, 54. 55, 53, 63, 64>- 65, 66,* 
67, 74̂  78,-80, 82̂  8*1,.85, Ed, ST, 33, 91, 93» 
94,- 95, 96; 9D„ ÎOO, .103,.-110,* 113, 119, 124,1 

*128, 132,-.133, 134/135, and Î3^ fV 3f^
'' SlDîiST H. - Yats3,*'**̂ P̂ G w, *■ *' / -*-* ■- ' ‘ CtAasNcn I X  3LoNc; >vt •v'‘“e;>.C'‘'y 

. XXONCAît;-
^ 7; (except &3 to amend-

- ment No*.. 14) r : e j*JOHW E MtrXTHA,.
: ;-Korman D. X>iCKS«i •
•vv v-7*»* æ? vî*<;*' /■; J a>u s  I*.." WHTrraif^ r iv - ';*/>»;>.* /• ; 

!";4:l!*4rvfX':r- Joseph M. M-cDwos;.: .7y;:i*%v^::P S» HeoULA« U
Srnvio D» Cost?,

I emagers on ih&Parl o/ th^ßcru3 -̂li', 
'*r*- HoBsar C, Brao, *;̂ i.**

*f^S/4̂* BSN^srr
“ŷ *v̂ ; - *̂ .vî-ïVav Walter !>/ 3Ïltdd&estoNV'r"*-*7’: '

’ Pax-Leaht; : • .r*?i 
D en nis  X>EC^NcicNt; 

hf QUENTtN Btmoxcx,»:» '̂* &»&£*•%$* A. DtraJCIN,* ; >rtV. *»1 ■ir*\V*1.2d. 
T ed S t e v e n ^ : i:'PS--'* '**gr̂ e»C-:

/* ^ ^ h v ^ ÿ /" M m T O N 'X i.4 T ô w o X Îf:.^
J 'y/ r. M a rkl HATrtsto, /:•*• 'S î  Ï Ul r n *

: H enry
James A. Mc^Chuaay 

^Managers on the Pari 0/ ihç Senate?

**- W$4mM

;e agree -to thasame.,'>/ -.*'*i'v;v /./'// /. l"*.*̂ ;;* /  . «* 
. Amendment ‘ numbered ■'io9;rThat?fthe_

' House recede from;- its'.disagreement 1 ta  th ».; 
: amendment o r  -the» Sena to. numbered 100^. 
and agree to the sîvme with àn amendment^.’ 
as* folio*,vsr. ’Iir lieu, o t  the sum proposed , by.; 
said amendment insert* “$34,314,000**;/ and/ 
the Senate agree-to the same/*’ ; /* ̂

Amendment: numbered 11 lS 'T h a t’/ ‘the: 
u House recede from Its disagreement to^the 
amendment.- or* the* Senate 'numbered' 'il l,, 
and-agree-to-the same with an amendment,!, 
as follows; In.lieu- of the-sum proposed.by* 
said' amendment insert “$t25,860,000,*;*/and. 
the Senate* agree to the same: \  •. | '
. Amendment numbered 112:' ̂ Thatr^the." 

Bouse recede* from Its disagreement* to'the* 
ameodment- of the Senate numbered 112,/ 
and agree to the san\e with an amendment; 
as follows: In lieu of the sum proposed* by 
said, amendment insert “$113,960,000“;* and 
the: Senate agree to* the same. - *. Zÿ.V> 

Amendment, mimbered* § 116 rr That*” the*
. House* recede from i ta disagreement to- the* 
amendment o t the Senate- numbered 116, • 
and agree to the same with atv amendment/ 
its- follows: In lieu ot the sum proposed by ' 
said amendment insert “$13,450,000“; and* 
the Senate agree to the same, v ' ; . : .* 

Amendment numbered 123: v That'! ’th»- 
House- recede from its- disagreement to- the* 
amendment of the Senate numbered 123 
and agree to *the same with an amendment!

..- Joint- Explanatory STATToimnr.or the-/ ;*' :
** Com m ittee  o? CoNEppjrNCSx r

- - The- managers on‘:thd part of * the: House • 
and the Senate at the conference on the dls-* - 
agreeing- votes- of the two- Houses on* the  
amendments of the Senate* to the bill (HJtr 
7724), making- appropriations' for - the J>s~ 
partment of* the Interior and Helateti Ageu-.' 
cies for the fiscal year ending*'September 30». 
1981, and for other purposes, submit the foi-" 
lowing* jolnt'Statement to th e  House and the * 

-Senat^in explanationof the effect*of the cc~ '. 
tion. agreed upon by the managers and" rec~*

* ommended in. the accompanying conference*
■ r e p o r t *7 I
[/cribE o p . T in; xOTEdtroB*;
> ! £c.v> B ureau, 'o t

-** AmendmenhNo..I^Appropriates $343,962,X . 
'/?% *or management- of lands and. resources I 
instead of* $349,662.000 as proposed, by the ' 
House and $339,162.000* as proposed by the 
Senate.. The net decrease under' the amount*' 
proposed, by the House- consists of the fol-* - 
lowing; decreases of $300,009 for coal leasing: I 
$200,000. for geothermal leasing; $2,400,000/ 

offshore .(environmental studies)« 
53,coo,oCQ for soil;, water,, nnd air manage- 
meat (Federal water.rights); $500.000 for law^ 
enforcement; $100,000 for equal employment 
opportunity; and increases of $100,000 for " 
recreation resources; and $700,000 for w ith- 
draval review and processing. . //•  . * '
 ̂ The-managers are* in agreement on the • 

following: .That $500.000 be transferred from/ : 
energy-related realty to the nonenergy sec- - 
tor* to meet* changing’ %vorl;IoacT demands; I 
and that the Bureau* make available sii/ft- 
Cfe?K ilIRcls In ^  1331 for necessory studies 
At the San Simon watershed project to deter- ’ 
mine- n more appropriate dam site, *' V/ !
rtnn f en(lme^ .  2: Appropriates $14.763,- * 

00 for acquisitjon, construction, and main- ' * 
IrB̂ f,Ce as Pr°P°sed by the*Senate instead/ 
m $14,503 000 as proposetl by the House. - /*,/ 

a M j M jmj No, 3: Appropriates $103,000,-” 
^ n n r p^ ment5 m  ®  or taxes instead o f  *
585.000. 000 as proposed by* the. House a n a .
3108.000. 000 as proposed by^the Senate, - /  z: 

Amendment No. 4r In lieu of the sum 1
named by said amendment, insert the loK  ' 
moving; “$58,200.000*7 ' ; • -** * * - -  \j.1 -.|

M m
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Wildlife Service! These'funds ere avail-

IB. • 1111r .. 53 HI ' >>* fi H - 1 wMPPPwrijBBI
H M »  1 'V.'/-S:- :>.-, w aB ^& m K sm  WÈ8mBm®BB®BBm

Ì ^ ì ^ m ¥ é ? ^ $ Ì i Ì s p ^ ÌI& N G IIeS i^IM I  1 • i • I I i3: :Rrovide3 -r$80.2n .000 -.and J
fev^vv.Tbe Managers*are-upagreement-t ac . v • _  h National -Park :Service -instead or - -able.rJBl *Approo r 1 at Ion s Committees of the House and-. -by .the House and V. Alaska- National • Interest
fi;?>*Ìs?nate will undertake* a ^  v* byfthe Sen?.te. The ;tion Act which * has been; passed by
r ^ - t h e  elfect of the grazing amendment on M B ? Includes |  Houses of the C ongress..'V ^ v .v
f o x i n g  lands to xt ls th* *xPress intent of the

for Redwood HP, and Increase of v that this money be concentrated oa |i|ig|| Clir -  $2°-000'000 1 Haver NR. and $1.000,000 , ;erars- management,• search and rescue th e-»¿W
eclal studies for Redwood ‘ preparatioa of management plans and ini-

Wir*-*0 \&r v  accoiiui** ^ icw u w ,, MMH B  111 ̂  '.~-tial management functions. No funds are ;&.jg
l^^ propriated  from the account based «pop. P .t  '.'■¿r£»x'&a\sht‘ No/^Ì4V'.rDeÌetes House lan- ;1 intended to police non-Federal actiyUtes In-.^ .-

Ejections of 25 percent of current fiŝ ] ’l r r that prohibited use of other. Federal -./the new areas except-where there is a de- %J|| 
"timber, sale receipts,-^presenting a v J* J| uaj 3' m a t c h  for Hand and Water Con- R monstrabiy sexious threat to significant re— ;
difficulty for the BLM aud Congress to oper? y Ì n d ^ M t » to  s t a t e s . - * ^  resource values. : * W ^ V $ » $BHHB a sound, w t ì t . - Amendment  No.T 5 :-Reporled toHechnical./:- Amendment No. 13: Appropriates $MXVj M |  

I ^ ^ . T b e  managers recommend the AdxntaU.tra . mhnai?crs on.the part of .000 for tho National Wildlife Refuge Fund .vV.- 
t;;iC:.tlon.consider.that subsequent approp - mH  H ouse wjjj offer ri-motion to recede and :as proposed by the Senate Instead of . $9,-
l i / ^ b i l l s  fund.the O & C g | | H U S n i S e n a t e , ,  sooloooas proposed by the House."h f ó H Q |  
Ifjflfep l l  year tlmber.sales • ¡M M  provides that revenues from recreation H  Amendment N o .. -19 :< Appropriates • S37.-
I^V'rtthe- fpnd. tilf re,>y re,n^!?^Htnr‘the current : fee'conectlons.shall hereaiter:be pald Into , ‘. 897,000 for construction- and anadromous H 9  
I^ y -w h lc h  has plagued so-mvrcb-of^the.^ur^nt . * and-V/ater Conservation Fund. , . ̂ fish■ Instead of $34,581.000 as proposed by ••.

Reported, to technical v the House and $40,405.000-as proposed by..« .
" v •/d!ssgrement;:--The::managers-on the part or ....the Senate. The Increase over the wnount . 

I - i l i v ^ P ^ ^ ^ ^ ^ n  ̂ 'W norte'd  to ’teciintcai *'.the House will-offer a motion to recede and .• proposed by. the House consists of . the -g H
Senate <4owtag increases: M

I W Ì M ^ H M M h Bw B Ì Ì Bm K M I ^  . which-, authorises tthe Secretary of Interior ;and visitor facilities at Maxwell NWR. N.J.1̂ ,,••-- ■, 
k*ti!«|;the:House will oRer' a p s enate •' to 'seek:' and acquire lands for the' Kaloko-,, :$1.000,000 tor anadromous .fisa grant» . to -..r-

J^-.S?*:C!mcur in• tne- amendme ••_ , _ - _  ' Honokahau NHP by acquiring Federal sur-.,., states, $100,000 for.:hlgh priority_energy^
H ^ wBb b BhH W W B bIB B Io HBmM  SÌB H H B B m I lands: of ..-equivalent - value-from the .-conservation Items for the Leeto\vnLa.x>ra-

„ending llnS.^ OSA and. thea-exchangtog those lands with 1 tory, $1,250.000 for an administrative and

M j |
m

ï

9
i tì.|

./concur in mx> » m e m m uji bin? •' Amcndmcni» No. 20, 'Appiopriatts $1,250, • _
- -¿vfvsty v 'v lth  an amendment: providing '$225.566.000 r 000 for the.Migratory Bird Conservation, ac- • v .

ti>:i.:^.;Axnônclment No^7:. Appropriate^. $lu,080,^"_ for resource management'lnstead of $225,- * count Instead of $2,000,000-as P«>P°s^ V  - ■ . 
§ Z  ̂  000 for.salaries and exixenses m.bead of prooosed by the House imd $225.- ; the House which was deleted by the Seua--
|^ f e ^ 5 ,0 0 0  as proposed by the Hox^eancl ^ b , 424 00o ^ ^ ¿ o s e d  by the Senate. The man- The managers request the Con^e^; and

005,000. as proposed .by  .th e  Senate,. A he ^„oxs on-tXAQ payt of the senate.win move members of. the-Migratory Waterfowl Com- /  
l i  >*ÊÈËÊSËBÈ  over the amoxmt propooed to 'concur in the amendment of the House ' mission to express-to the Commission , the ,.

mC^House is $225,000 to continue a contract xvith to the, &môndment of the Senate, . . -, m strong coxicem of the Committees on -Ap-
|^ ; a *  Whshington State University for study of the ^...,The net increase - over the amount pro- promotions that the Commission is com- ;.,- 

.Village on .the Ma^ah reservation. .po3ed b fbe House consists of the follow- •: mitting to land acquisition well.in advance | |  
total &nlolu t̂ fng increases; and decreases:-• increases' of../ of having funds available* The m a n a g e ^ ^  . . .

I^V; ^.necessary to,.connue t a  f  easibiuty. st y • -̂ oo.OOO for the instream how analysis group, >.. also concerned that the Nature Conservancy. 3 - 
H H H H H B B  ®f | | B W | B ^ « W i M I  expanded wetlands mapping in ' •.is.establishing, the acquisition prioritiss^.ot ;.-- 
H B H H B B H IDes . latoesriver-vahey eorrido.- r^e ; AIas!.3-..!;̂ 250iooo: -for .' interpretation |an d th e,C om m ission ..-T h is concern-will be a,l •• 
^C-i'^Servlce should_w°r-t _  rreereation’prevlously provlded through a feei,..dressed during-hearings on thO;fiscnt„y •

K!

m

’ for operation, of the National Park System 
instead of $115,163.000 as proposed by the 
House and $440,743,000,as proposed by the •

. Senate. The managers on the part of the .*;.. 
Senate will move to concur in the amend- J

* ment of the House to the amendment or 
the Senate. . . . v"- *****

The net, g increase over . the* amount * pro-

-. uuu ior cue juiniu-.-<iuu- »»«vvci ivionuinents,:. oAto,\JV'j lur ouuuieasi, usil
.Fund instead of ,$394,185,000 as proposed by ‘ -' hatchery operations, $165,000 for endangered 
the House and *$351,368,000 as proposed by .- species l3W enforcement officers, and $117.0001 

.•^.Vthe Senate. This Includes $1.000,000 for Fed-*"*- in.executive direction for promotion of pub- 
pferf eral program administrative expenses -and lie Involvemrxt'-in Service activities. - 

' * |̂V$6,550.C00 for State* program administrative v*;..r The managers expect?' the Service to use 
.5**» expenses. * **̂ 7« -*«<.- > ; * * . *  y*.-.!:* .the authority provided in 31 USC C88...and

- -*.':Amendment No 10:*Provldes $1,135.000 for . any-other authorities available to obtain R S H H ii  RRR ■ ■ ■  W M
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environmental consequenc

per habitat and 800 affected in a ^ o P ¿ S i  
amount of sagebrush-greasewood, 2,200 birds
would be affected in the riparian habitat. In $ g | | P  
peak abundance, these figures are 
1 400 1 900, and 5,000, respectively. The loss of 
these’birds would be important because they are 
an integral part of the riparian ecosystem.

Alternative 1 would adversely affect raptors by 
eliminating prey base for 14 species that hunt in 
th° rioarian habitat. Shelter and roosts for _ 
raptors would also be lost. Those nesting species 
imoacted for the long term would be great horned 
owls and Cooper’s hawks. A red-tailed hawk nest 
would be affected during construction but no long
term effects would be expected since the next site 
is located above the reservoir level.

The most serious adverse impact to raptors 
would be the loss of prey base during drought con
ditions. During the 1977 drought, when upland prey 
base W as at low density, the riparian habitat 
became the prime area for the raptors food re
source. Undoubtedly prey production near the res
ervoir shores would not equal production from the 
current riparian habitat.

The transmission lines could electrocute raptors 
which use the poles for roosting.

The reservoir would impact the Canada goose by 
eliminating nesting habitat for 13.5 miles (22 km) m 
the reservoir basin and by eliminating or re^ cW  
nesting habitat for 50 miles (80 km) to the White 
River’s confluence with the Green River.

Surveys by the UDWR indicate that 6 nesting 
pairs of geese averaging 6 young per brood utilize 
the reservoir basin. Another 7 nesting pairs utilize 
the White River below the proposed dam (DrobmcK 
19801 Additional nonnesting adult geese also uti
lize these areas. Therefore, habitat for 6 nesting 
pairs and an annual production of 36 young geese 
would be lost from the reservoir basin and an un- 

■ Quantifiable loss of downstream habitat for nesting 
|  would also occur. An unquantiriable number of non

nesting adults would also lose summer habitat.
Game birds that would be enhanced by the res

ervoir are migrant waterfowl and snipe. The reser
voir based on expected turbidity and lack of emer- 
oent vegetation, would not support nesting water- 
fowl except in the tailwaters. Those nesting wou
occur at low abundance.

structed to prevent ebdtrocution of raptors. Losses 
to geese could be partially mitigated by »?t|j|ve)y 
managing the river above and below the (eSo * 
i e , providing nest platforms and construction of ar
tificial islands for nesting geese downstream from 
the proposed dam.

The USFWS has not submitted their Fish and 
Wildlife Coordination Act Report for inclusion in _ »s 
EIS. The report will be available for the Final tut» 
and may contain mitigation measures for geese and 
other birds.

UNAVOIDABLE ADVERSE IMPACTS

Nongame bird populations would be reduced due 
to loss of the riparian habitat. Raptors would be re
duced in the general area due to loss of prey spe- 
cies, especially during and immediately after 
droughts. Loss of Canada goose nesting habitat in 
the reservoir basin would result in the loss of a 
yearly production of 36 geese. Losses of goose 
nesting habitat would occur downstream for 50 
miles (80 km), affecting an annual production of 42 
qeese Additional small but unquantmable goose 
losses would be attributable to the  loss of nonnest
ing goose habitat in the reservoir basin and below 
the reservoir. ■ .

THREATENED, ENDANGERED, ANDSENSITIVE BIRD SPECIES
ANTICIPATED IMPACTS

transient to the area that they would notj^attecfc.. 
ed^B aïT 'eagles winter in frie _ area. The reservoir 
and tailwaters which would be ice-free for a consid
erable distance below the dam could enhance tne 
wintering eagles’ habitat. The formal consultation 
for this project, as required by Section 7 of the En
dangered Species Act, has not been completed by 
th° USFWS. This consultation is continuing and the 
Biological Opinion will be included in the Final EIS.

MITIGATION

MITIGATION

Loss of nongame birds and raptors which use ri
parian habitat cannot be mitigated. Mitigation would 
require re-establishment of a riparian^ system. The 
transmission line associated with the proposed 
White River Dam would be required to be con-

Nom

UNAVOIDABLE ADVERSE IMPACTS

None
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Fish communities have been measured in three Colorado Front Range rivers, 
the Cache la Poudre River, Big Thompson River, and St. Vrain Creek, during the 
last five  years with the purpose of monitoring water quality. However, to date 
these data on the number of fish  species and their relative abundances at 
various s ite s  have not been adequately analyzed, because tools to relate the 
characteristics of fish  communities to water resource quality have not been 
available. The index of b iotic integrity (IBI; Karr 1981, Fausch et a l. 1984, 
Karr et a l. 1984, Karr et a l. 1985, Angermeier and Karr in press, Karr et a l. 
MS) is a tool designed to analyze precisely these data to assess water resource 
quality via b iotic in tegrity . The purpose of this report is to summarize our 
progress in developing and modifying the IBI for use in streams and rivers of 
the South Platte River Basin (SPRB) in northeastern Colorado.

Our research objectives f e l l  naturally into six steps:
1. A l i s t  of the ecological characteristics of SPRB fish es.
2. Development of “maximum species richness" lines for the SPRB.
3. Development of appropriate IBI metrics for the SPRB.
4. Outside review of research objectives 1-3 by advisory committee.
5. Calculation of IBI scores for the three rivers.
6. Relating IBI scores and component metrics to environmental variables 

and other indices.

Work Accomplished to Date

1. Ecological Characteristics of SPRB fishes
The f ir s t  step in developing the IBI for a new basin is to determine a 

number of ecological characteristics of the fish  fauna, including whether 
species are native or introduced, their general diet (trophic c la ss), and 
whether they are tolerant or intolerant to the degradation of water quality 
present in the basin. In addition, we assessed the current status of 
populations from collection  records, and determined species spawning 
requirements and type of parental care of eggs and young (Table 1).

Information on the populations of species in the SPRB and on whether 
species were native or introduced was garnered from Propst's (1982) thesis on 
fishes of the Platte River in Colorado, which also included a detailed summary 
and analysis of earlier collection records. Trophic c lasses, tolerance or
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intolerance to degradation, and spawning requirements were compiled from 
regional ichthyological references such as Pflieger (1975), Scott and Crossman 
(1973), Smith (1979), Trautman (1981), and Becker (1983). This l i s t  of 
ecological characteristics was sent to eight ichthyologists and fish  ecologists 
(Angermeier, Behnke, Clemmer, Cross, Karr, M iller, Platania, Stasiak) familiar 
with the fishes of SPRB for review, and their comments were incorporated. 
Following is a brief discussion of each of the categories of information for 
SPRB fish es shown in Table 1.

Native or Introduced

The historical record of ichthyofauna of the SPRB is complicated because 
very few collections were made before the aquatic environment was degraded by 
agriculture and before a number of fishes were introduced by early se tt le r s . 
However, Propst's (1982) compilation and analysis of early collection  records 
and review by other ichthyologists allowed a fa ir ly  accurate description of the 
original fish  community.

The fish  community is  rela tively  depauperate (Table 2). Of 43 species that 
reproduce in running water, 32 are native and 11 are exotic species that were 
introduced. Four of the native species are extirpated and four more are rare.
In addition, another 10 species occur in lakes and reservoirs in the basin and 
appear sporadically in streams or rivers, usually only as adult fish es. The 
purpose of c lassifying fishes as native or introduced was for development of one 
metric (see below), and to show that the original fish  community has changed due 
to the introduction of exotic species and the extirpation of several native 
ones.

Population Status

The status of each species was determined from Propst's (1982) 
collection  records for s ite s  in the transition zone and plains regions (see Fig. 
1) of the SPRB. The prevalence of individual species was based on the number of 
s ite s  at which they occurred and their abundance at each s ite  (see footnotes to 
Table 1). This information is ancillary, but shows that a number of native 
species are rare or extirpated, especially  those that are glacial r e lic s . More 
recent collections of common shiner (Notropis cornutus), northern redbelly dace
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(Phoxinus eos), a northern redbelly dace-finescale dace hybrid (Phoxinus eos X 
L* neogaeus), stonecat (Noturus flavus), and johnny darter (Etheostoma nigrum) 
have shed further light on the distribution and abundance of these species.

Trophic Class

Fish species were placed in trophic classes based on diet information 
compiled from the regional ichthyological references listed  above. Information 
on diet of several species was incomplete or missing, but professionals that 
reviewed the l i s t  were able to c la ssify  most of these. A summary of diet
studies for each species was compiled in an appendix that will be included in 
the final report.

In addition to the trophic classes outlined by previous researchers (Karr 
1981, Fausch et a l. 1984) we added a general invertebrate feeder class to aid in 
differentiating between specialized invertebrate feeders (insectivores) and 
omnivores, because a number of species f e l l  d istin ctly  between these two 
groups. The footnotes of Table 1 l i s t  our criter ia  for assigning fish  to 
trophic classes based on the percent composition of their d iet. This is the 
f ir s t  time that such criter ia  have been developed, which should improve 
standardization of trophic class defin itions. Trophic classes are used in two 
of our IBI metrics.

Tolerance and Intolerance to Environmental Degradation

Tolerant and intolerant species must be defined for a specific  region in 
response to the question "Tolerant or intolerant to which forms of environmental 
degradation?" We define tolerant species as those that persist despite 
degradation of water quality, spawning and cover habitat, and food resources 
due to erosion and s ilta tio n , organic and inorganic pollution, channelization, 
and flow fluctuations. Intolerant species are those that disappear for these 
same reasons, and are the f ir s t  species extirpated when lo tic  habitats are 
degraded by man.

Nine species in the SPRB are tolerant, five  of which are of the minnow 
family (Cyprinidae) and one of which is  introduced. The high proportion of 
tolerant species is lik ely  due to historical variable flow regimes and modern 
agricultural practices of irrigation and channelization that have allowed
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only the most adaptable species to persist in many reaches. Six species are 
intolerant, a ll but one of which are either rare or extirpated for the same 
reasons. This information was used in developing two IBI metrics.

Spawning Requirements and Parental Care

Karr (1981) suggested that fish  might be c la ssified  into guilds according 
to spawning requirements, but no further work has been done on th is subject. We 
c la ssified  fish  according to the substrate (stream bottom type) required for 
spawning and the degree of parental care during spawning (see footnotes in 
Table 1).

We suspected that th is information might show that species requiring 
sp ecific  substrates, such as clean gravel, vegetation, or ca v ities , were 
extirpated or declined in abundance sooner than those able to spawn in a variety 
of conditions. Similarly, we thought that species giving parental care, such as 
fathead minnow (Pimephales promelas) , would have better spawning success 
in silted  habitat because they constantly clean their eggs. Thus, general 
substrate spawners and/or those with parental care should have the best chance 
of spawning success and survival in habitats degraded by s ilta tio n . Although 
these general relationships appear to hold for the SPRB fish  fauna, we did not 
use the information to develop a metric because i t  is  largely redundant with 
information contained in the tolerant and intolerant species metrics.

2. Maximum Species Richness Lines

A second requisite in modifying the IBI for use in a new region is  to 
develop maximum species richness (MSR) lines that describe the number of species 
expected in an undegraded stream of a given s ize . We used stream order and 
watershed area as measures of stream size , and assumed that s ite s  where the most 
species were collected represent the best conditions in the region.

Plots of the number of species as a function of stream order (Fig. 2) and 
logio watershed area were used to draw MSR lines for the total number of species 
metric, using data from each of Propst's (1982) sample s ite s  for the SPRB. The 
line that forms the upper bound for 95% of the points was f i t  by eye, according 
to the guidelines in Fausch et a l. (1984). Similar plots and lines were drawn
for five  other metrics that are based on specific  taxa. These taxa were chosen 
based on their ecological importance to fish  communities of the region.
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The effects of increased gradient and elevation in the transition zone 
(5000-6000 f t .  elevation; Fig. 1) was investigated by plotting number of fish  
species as a function of stream size separately by gradient and elevation 
categories. However, none of the maximum species richness lines changed 
substantially with elevation or gradient, except for the number of sunfish 
species metric (Fig. 3). In the transition zone, no sunfish were found at 
second, third, or seventh order s ite s , so the MSR line shown overestimates the 
number of sunfish species expected in transition zone streams of these orders.
The effects of th is change on criter ia  for scoring th is metric will be discussed 
below.

This difference between the two zones may result from lower water 
temperatures in the transition zone which may prevent sunfish from reproducing 
in these waters. A similar decline in sunfish species occurs in the midwestern 
U. S. from I llin o is  to Wisconsin (K. Fausch, unpublished data). Alternatively, 
the small sample size for some stream orders coupled with degraded conditions in 
many transition zone streams may prevent sunfish from surviving there.

3. Developing IBI Metrics

We developed 12 IBI metrics for use in the SPRB (Table 3). Of these, eight 
were used in the original IBI (Karr 1981; metrics 1-4, 6, 8, 10, and 12), and 
four (5, 7, 9, and 11) have been changed to better re flec t the ichthyofauna of 
the SPRB. Following is  a discussion of the purpose and value of each metric, as 
well as their sen s itiv ity  and whether they are inapplicable in certain size  
streams. When a metric is inapplicable, we propose assigning the average score 
of a ll metrics to the inappropriate metric for th is s ite , so that the resulting 
overall IBI score is  not biased. In addition, a ll metrics are applicable only 
in the plains and transition zones of the SPRB.

A. Species Richness and Composition

1. Total Number of Fish Species
This metric evaluates the species richness component of d iversity , and has 

been shown to be highly correlated with overall IBI scores (P. Yant, unpublished 
data). This indicates that i f  only one measure of the fish  community could be 
used, th is should be the one. The MSR line (Fig. 2) shows that the number of
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species (including both native and introduced) expected at an undegraded s ite  
increases from 5 at second order s ite s  to 16 at eighth order s ite s  in the SPRB. 
Because no fish  are expected at any f ir s t  order s ite s , a ll of which are lik ely  
intermittent or dry, metric criter ia  were not developed for streams of th is  
order. To determine the score for th is metric at a particular s i t e ,  lines are 
drawn dividing the right triangle of points in thirds, and these regions 
designated as 5 (top third), 3, or 1 (bottom).

2. Number and Identity of Darter Species

This taxon is sensitive to degradation of benthic habitats where darters 
feed on invertebrates, and reproduce in cavities or gravel nests. Darters also 
require high levels of dissolved oxygen. Thus, degradation due to 
channelization, s ilta t io n , or reduced oxygen can be partially  monitored by loss 
of darter species.

The SPRB has only two darter species, although the orangethroat darter 
(Etheostoma spectabile) probably was also native to the basin because i t  occurs 
in the Republican and North Platte Rivers nearby but was lik ely  extirpated early 
due to it s  sp ec ific ity  for habitat with springflow. Despite the paucity of th is  
taxon, the metric is sensitive at third through seventh order s ite s  throughout 
the plains and transition zones. Both species (johnny and Iowa darters, E. 
ni'9rum and E_. e x ile ) must occur for the s ite  to receive a score of 5; one 
species receives a 3; and the s ite  is scored 1 i f  no darters are present.

. 3. Number and Identity of Sunfish Species

Sunfish species include all members of the sunfish family (Centrarchidae) 
except for black bass (Micropterus) such as largemouth bass (Micropterus 
salmoides). This taxon is sensitive to reduced pool habitat or instream cover, 
both of which are affected by man's modifications of stream channel morphology 
such as channelization. This metric is  sensitive to degradation until nearly 
all habitat structure is removed.

This metric is  applicable to second through eighth order streams in the 
plains region, but is  applicable only to fourth through sixth order streams in 
the transition zone as described above in the section on MSR lines (Fig. 3). 
Further sampling may show that sunfish species are more widely distributed in
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transition zone streams, so a different MSR line may be unnecessary. In second 
through fourth order streams of the plains region ,sites are scored 5 i f  one 
sunfish species is  sampled and 1 i f  none are captured (see Fig. 3). In f if th  
through seventh order plains streams, s ite s  with two sunfish species are scored 
5, s ite s  with one species are scored 3, and s ite s  with none are scored 1. Sites 
in eighth order plains streams are scored 5 i f  three species are present, 3 i f  
one or two species are present, and 1 i f  none are present. Criteria for 
fourth through sixth order transition zone streams are the same as for plains 
streams.

4. Number and Identity of Sucker Species

This metric is  useful in assessing degradation of both habitat and water 
chemistry because members of th is taxon prefer pool habitat and include a 
variety of benthic invertebrates in their d iet. Their re la tive ly  long lifespan 
also allows insight into previous stream conditions.

All three members of the sucker family (Catostomidae) found in the SPRB 
(Table 1) are included in th is metric, but the river carpsucker (Carpiodes 
carpio) occurs only in the downstream reaches of the main South Platte River. 
Both other suckers are found throughout the basin. Sites are scored 5 i f  two 
species are captured, 3 i f  only one occurs, and 1 i f  no sucker species occurs.

5. Number and Identity of Cyprinid Species

Because few darters, sunfish, and suckers occur in the SPRB, the number of 
minnow (Cyprinidae) species was selected as a metric because the family has a 
rela tive ly  large number of species that are broadly distributed throughout the 
basin. The MSR line for th is taxon increases from 3 species for second order 
s ite s  to 10 for eighth order s ite s , and thus is applicable throughout the basin. 
This metric should be sensitive to a wide range of degradation because cyprinids 
have a wide range of food and habitat preferences, and thus should add to the 
ecological perspectives provided by other taxa.

6. Number and Identity of Intolerant Species

Because intolerant species are the f ir s t  to disappear upon degradation of 
water quality or habitat, th is metric is  sensitive only at s ite s  of higher
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quality. We defined six species as intolerant in the SPRB (Table 1), but two 
are extirpated and greenback cutthroat trout (Salmo clarki stomias) and northern 
redbelly dace occur in isolated refuges only. Common shiner and Iowa darter are 
the only intolerant species with a rela tively  wide distribution, even though 
they are rare.

This metric is applicable to third through eighth order s ite s , where a 
score of 5 is  assigned i f  two species are found, 3 i f  one is  found, and 1 i f  
none are found. No intolerant species were found at second order s ite s , so the 
average of other scores is  assigned. We assume that undisturbed eighth order 
s ite s  should support at least two intolerant species, even though Propst (1982) 
found none.

7. Proportion of Individuals as White Suckers

Tolerant species increase in relative abundance at degraded s ite s  because 
they can adapt to a variety of conditions. This metric evaluates the evenness 
component of species d iversity , or the degree to which one tolerant species 
dominates the community.

In the midwestern U. S. Karr (1981) used the proportion of individuals that 
were green sunfish (Lepomis cyanellus) as a metric to describe the dominance by 
one tolerant species. In the SPRB the white sucker (Catostomus commersoni) 
appears to f i l l  th is role. It is  among the most tolerant species to degradation 
of spawning substrate and structural habitat, and is found over a wider 
distribution than other tolerant species such as fathead minnow, sand shiner (N_. 
stramineus), and carp (Cyprinus carpio) ♦ Moreover, Becker (1983) considers 
white sucker more tolerant of a wide range of environmental variables than any 
other fish  species in Wisconsin.

This metric is applicable throughout second through eighth order streams in 
the basin. Preliminary criter ia  for scoring are: s ite s  with <5% white suckers 
are scored 5, 5-20% are scored 3, and >20% are scored 1.

B. Trophic Composition

8. Proportion of Individuals as Omnivores

Omnivores are defined as species that regularly include at least 25% plants 
and/or detritus in their diets (Schlosser 1982, see footnotes in Table 1). Karr 
(1981) proposed that omnivores increase under degraded conditions because, as
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habitat and water quality are degraded, invertebrate and fish  food supplies 
fluctuate or decline in abundance while algae and periphyton frequently 
increase. As a resu lt, specialized invertebrate feeders disappear while 
opportunistic omnivores are more successful under these conditions.

Ten species in the SPRB are omnivores of which only one was introduced, 
which reflects the original harsh environmental conditions of the region. 
Preliminary scoring criter ia  are the same as proposed by Karr (1981, see Table 
3), but may need to be modified because some fish  he c la ssified  as omnivores we 
defined as general invertebrate feeders. The metric is applicable at second 
through eighth order s ite s .

9. Proportion of Individuals as Specialized Invertebrate Feeders

Specialized invertebrate feeders are species with diets of at least 90% 
invertebrates (see footnotes to Table 1). Just as omnivores increase under 
degraded conditions, invertebrate feeders decrease in response to declining and 
fluctuating invertebrate populations.

Karr (1981) used the proportion of insectivorous cyprinids as the basis for 
a metric, but we included all specialized invertebrate feeders because the SPRB 
has rela tively  few cyprinids that specialize only on insects or invertebrates, 
which we thought would reduce the sen s itiv ity  of the original metric. However, 
Propst's (1982) data show that at most s ite s  the majority of specialized  
invertebrate feeders are cyprinids, so criter ia  for scoring are the same as 
Karr's (1981) original metric (Table 3). This metric is  applicable at second 
through eighth order s ite s  throughout the basin.

C. Fish Abundance and Condition

10. Number of Individuals in the Sample

The number of individuals captured at a s ite  is  an indicator of its  general 
quality, since perturbations are lik ely  to cause a decrease in numbers of f ish . 
Number of individuals should be expressed as catch-per-unit-effort (e .g . 
fish/meter/minute) so that scores can be assigned on a relative basis. Scoring 
criter ia  w ill be based on the relative numbers of individuals captured at s ite s  
on the three rivers sampled, and will not apply to streams of other orders.
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11. Proportion of Individuals as Introduced Species

This metric is  used to evaluate the deviation of the fish  community from 
i t s  original sta te . Thus, the introduction of a species is viewed as a 
perturbation to the ecosystem. More sign ifican tly , however, introduced species 
often are highly adaptable and have broad tolerance, which allows them to 
increase in degraded habitat and displace native species that occupy similar 
niches.

This metric is applicable to second through eighth order s ite s  throughout 
the basin. Scoring criter ia  are: <1% individuals of introduced species is  
scored 5, 1-9% is scored 3, and >10% is scored 1.

12. Proportion of Individuals with Disease, Tumors, Fin Damage, or 
Anomalies

In very degraded conditions fish  communities often exhibit a marked 
increase in the percent of individuals with some type o f external disease or 
anomaly. This is lik ely  due to inorganic pollution causing direct irritation  of 
tissue and organs, or organic pollution providing abundant nutrients for 
parasite and bacteria growth.

Because few investigators record incidence of disease and other anomalies, 
l i t t l e  data is available to set scoring criter ia  for th is metric. However, data 
collected thus far suggest appropriate criter ia  are: <2% individuals with 
disease or anomalies is  scored 5, 2-5% is 3, and >5% is 1. This metric is  
applicable at second through eighth order s ite s  throughout the basin.

Other Metrics

The original IBI described by Karr (1981) included two other metrics, 
proportion of individuals as top carnivores, and proportion of individuals that 
are hybrids. We chose not to use the top carnivore metric because very few 
species that could be considered top carnivores occur in the basin, and few 
individuals of these species ever occur in the three rivers we sample. The 
walleye (Stizostedion vitreum) is  the only top carnivore that might have been 
native to the basin (Dr. Robert Behnke, pers. comm.), but is  now extirpated from 
flowing waters there. Largemouth bass are the only top carnivore now inhabiting 
these rivers and streams, but we have never captured an adult bass in three

prvj/oi/y  
S d U  f
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years of sampling. Thus, because scores for th is metric would be 1 at every 
s ite  we judged i t  not to be a sensitive metric.

Although hybrids occur in our samples, especially  of sunfish and minnows, 
they are d iff icu lt  to identify without extensive taxonomic experience. We 
therefore decided to eliminate th is metric as w ell.

Future Work

5. Calculation of IBI Scores for the Three Rivers
The sequence of steps in IBI calculation (Fig. 4) shows that after 

collections are made and summarized by species and numbers (work already done), 
the next steps are to summarize th is information by metrics, rate the metrics, 
and calculate the IBI. For instance, once the number of sunfish species 
captured at a given s ite  is  known, the sunfish metric can be scored according to 
criter ia  above (Fig. 3). All metric scores are then summed to give the IBI 
score, and the s ite  is  rated as Excellent, Good, Fair, Poor, Very Poor, or No 
Fish by comparing the IBI score to ranges proposed by Karr (1981, see Table 4). 
The IBI scores w ill be calculated for a ll collections made in each of the 
three rivers from 1979, 1980, or 1981 to the present (Table 5).

6. Relating IBI Scores and Component Metrics to Environmental Variables 
and Other Indices

As time permits, we plan to relate IBI scores and values of selected  
component metrics to other environmental variables such as flow, water 
chemistry, and habitat. For instance, relating the IBI to the coefficien t of 
variation of daily flows might lend insight into whether flow fluctuation  
affects b iotic in tegrity . Critical chemical constituents such as unionized 
ammonia w ill be related to the IBI and some component metrics to determine 
whether these are correlated. We suspect that limiting concentrations of 
chemical constituents may affect fish  communities for some time, so that 
appropriate correlations might be between some cr itica l level of ammonia at some 
prior date and fish  community attributes thereafter.

Habitat diversity has been measured at a ll s ite s  on a ll three rivers spring 
and fa ll  of 1985, and w ill be measured again during spring 1986 to determine the 
influence of th is variable on biotic in tegrity . We hope these analyses w ill
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lend insight into the variables controlling fish  communities in these river 
reaches.

Finally, i t  seems appropriate to correlate the species diversity of benthic 
macroinvertebrates, as well as evenness and redundancy, to the IBI scores where 
the former have been calculated. Correlating one index to another may te l l  
l i t t l e  about the true quality of the b iotic communities or the ecosystem. But 
the comparison will lend insight into whether these indices deviate 
sign ifican tly  from one another, and whether one performs more consistently under 
certain conditions.
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Table 1. Ecological Characteristics of South Platte River Basin Fishes

Native or Population Trophic Tolerant or Spawning Parental

S cien tific  name introduced9 status*3 class0 intolerant^ requirements6 care"f

Clupeidae

Dorosoma cepedianum N9 R 0 A 0

Salmonidae

Prosopium williamsoni I N I G 0
Salmo clarki stomias N N I/P I G H
Salmo gairdneri I R I/P G H
Salmo trutta I R I/P G H
Salvelinus fontinalis I R I/P G H

Cyprinidae

Campostoma anomalurn N C H G 0
Couesius plumbeus N E I A 0
Cyprinus carpió I C 0 T A 0
Hybognathus hankinsoni N U 0 V 0
Hybognathus placitus N R H A 0
Nocomis biguttatus N E I I G H
Notropis cornutus N R GIh I G H
Notropis dorsalis N C GIh T G3 0
Notropis heterolepis N E Ih I A1 0
Notropis lutrensis N C 0 T A 0
Notropis stramineus N C 0 T A 0
Phenacobius mirabilis N U I G1 0
Phoxinus eos N R 0L I V 0
Phoxinus neogaeus Ng N Ih V 0
Pimephales promelas N C 0 T C N
Rhinichthys cataractae N C I G H
Semotilus atromaculatus N C GI G H

Catostomidae

Carpiodes carpio N R 0 T A 0
Catostomus catostomus N C 0 G 0
Catostomus commersoni N C 0 T G 0

Ictaluridae

Ictalurus mêlas N R GI 1 T A N
ictalurus punctatus N R GI/P C N
Noturus flavus N9 N GI/P C N



Native or Population Trophic Tolerant or Spawning Parental 

Scien tific  name introduced9 status*5 c lass0 intolerant0* requirements6 care^

Cyprinodontidae

Fundulus sciadicus N U jfl| V 0
Fundulus zebrinus N C GI A H

Gasterosteidae

Culaea inconstans N9 U GI V N

Centrarchidae

Lepomis cyanellus N C GI/P T A N
Lepomis gibbosus I N I A N
Lepomis humilis N R I A N
Lepomis macrochirus I R GI A N
Micropterus salmoides I U ■ A N
Pomoxis annularis I N I/P A N
Pomoxis nigromaculatus I U I/P A N

Percidae

Etheostoma ex ile N U I I V 0
Etheostoma nigrum N U I C N
Perea flavescens I U I/P A 0
Stizostedion vitreum N9 E P A 0

Introduced species restricted to lakes and reservoirs.

Oncorhynchus nerka 
Thymallus arcticus 
Esox lucTus 
Carassius auratus 
Notemigonus chrysoleucas 
Icta1urus~iTebu1osus 
Morone chrysops 
Morone saxa tilis  
Micropterus dolomieui 
Aplodinotus grunniens



a. N = native, I = introduced

b. Population status according to Propst (1982) for transition zone and plains 
regions of the South Platte River basin, higher gradient, higher altitude  
reaches in the mountains were not sampled.

E = extirpated
R = rare (collected at 10 or fewer s ite s  and generally less than 50 per s ite )  
U = uncommon (collected at 11 to 25 s ite s  and generally less than 100 per 

s ite )
C = common (collected at more than 25 s ite s  and generally more than 100 per 

s ite )
N = not captured by Propst (1982)

c. Diet of adult fish

P = piscivore (more than 90% fish )
I/P = invertivore/piscivore (more than 10% fish , plus invertebrates only)

6I/P = general invertivore/piscivore (more than 10% fish , 10-25% plants and 
detritus, and the remainder invertebrates 

I = invertivore (more than 90% invertebrates)
GI = general invertivore (75-90% invertebrates, 10-25% plant/detritus)
0 = omnivore (25-90% plant/detritus, 10-75% invertebrates)
H = herbivore (more than 90% plant/detritus, less than 10% invertebrates)

fish

Percent of d iet

invertebrates detritus/plants

p >90 < 10 |  i*
I/P 10-90 10-90 i

GI/P > 10 remainder 10-25
I i >90 <10

GI i 75-90 10-25
0 i 10-75 25-90
H

★  nr i rfonf a 1*
i <10 >90

T = tolerant species are adaptable to degraded water quality, spawning and cover 
habitat, and food resources due to erosion /silta tion , organic and inorganic 
pollution, channelization, and flow fluctuations.

I = intolerant species are converse of tolerant, and are the f ir s t  species 
extirpated when lo tic  habitats are degraded by man.

G = fishes requiring clean gravel for spawning
V = fishes requiring vegetation for spawning
C = fishes requiring cavities for spawning
A = fishes with generalized spawning requirements (e .g . spawn on s i l t ,  sand, or 

organic debris)



0 = nonguarding, open substrate spawners 
H = nonguarding, brood hiders 
N = guarding, nest spawners

Status uncertain due to lack of early collection records.

Trophic class uncertain due to lack of information in literature.

Spawning requirements uncertain due to lack of information in literature.



TABLE 2. SOUTH PLATTE RIVER BASIN FISHES

NATIVE SPECIES

FAMILY TOTAL T&E EXTIRPATED EXOTICS

HERRING 1?

TROUT 1 1 A

MINNOWS 16(1?) 2 3 1

SUCKERS 3

CATFISH 3 1?

KILLIFISH 2

STICKLEBACK 1?

SUNFISH 2 5

PERCH 3(1?) 1 1

32 A A 11

+10 EXOTIC FISH RESTRICTED TO LAKES AND RESERVOIRS



Table 3. Metrics used in assessment of fish  communities of the South Platte 
River basin in Colorado (modified from Karr 1981 and Fausch et a l. 1984).
All metrics are applicable to second through eighth order streams, except number 
of darter species (orders 3-7) and number of intolerant species (orders 3-8).
In the transition zone the number of sunfish species metric is applicable only 
to fourth through sixth order streams (see tex t).

Category Metric 5(best) 1(worst)

Species Richness 1. Total number of species
and Composition 2. Number and identity of darter species

3. Number and identity of sunfish species Varies wi th
4. Number and identity of sucker species
5. Number and identity of cyprinid species

stream size

6. Number and identity of intolerant species
7. Proportion of individuals as <5% 5-20% >20%

white suckers

Trophic 8. Proportion of individuals as <20% 20-45% >45%
Composition omnivores

9. Proportion of individuals as >45% 20-45% <20%
specialized invertebrate feeders

Fish Abundance 10. Number of individuals in sample Varies with stream size
and Condition 11. Proportion of individuals as <1% 1-10% >10%

introduced species
12. Proportion of individuals with <2% 2-5% >5%

with disease, tumors, fin  
damage, and other anomalies



Table 4,

Class

Excellent

Good

Fair

Poor

Very Poor

No fish

Biotic integrity classes used in assessment 
communities along with general descriptions 
attributes (from Karr 1981).

Attributes

Comparable to the best situations without influence 
of man? all regionally expected species for the 
habitat and stream size, including the most 
tolerant forms, are present with full array of age 
and sex classes? balanced trophic structure.

Species richness somewhat below expectation, 
especially due to loss of most intolerant forms? 
some species with less than optimal abundances 
or size distribution? trophic structure shows 
some signs of stress.

Signs of additional deterioration include fewer 
intolerant forms, more skewed trophic structure 
(e.g., increasing frequency of omnivores); older 
age classes of top predators may be rare.

Dominated by omnivores, pollution-tolerant forms, 
and habitat generalists? few top carnivores? 
growth rates and condition factors commonly 
depressed? hybrids and diseased fish often 
present.

Few fish present, mostly introduced or very 
tolerant forms? hybrids common; disease, 
parasites, fin damage, and other anomalies 
regular.

Repetitive sampling fails to turn up any fish.

of fish 
of their

IBI Range

57-60

48-52

39-44

28-35

23



Table 5. Fish community collections for which the index of b iotic  integrity w ill 
be calculated.

River
Site Collections

name river mile years seasons na

Cache la Farmers Spur 14.5 1980-1986 Sp s Fb 16

Poudre Sharkstooth 20.5 1980-1986 Sp s Fc 15

Law Ditch 21.5 1980-1986 Sp s F 16

Staff Gauge 22.5 1980-1986 Sp s F 16

Windsor Packing 25.5 1980-1986 Sp s F 16

392 Bridge 30.0 1980-1986 sp s F 16

Timnath 35.0 1980-1986 sp s F 16

Boxelder 37.0 1980-1986 Sp s F 16

Mulberry St. 41.0 1980-1986 Sp s F 16

Martinez Park 45.0 1980-1986 sp s F 16

Big Thompson County Rd. 35 18.3 1979-1986d s F 13

County Rd. 9E 23.1 1979-1986 s F 13

River Rd. 24.4 1979-1986 s F 13

Wilson Ave. 28.7 1979-1986 s F 13

St. Vrain County Rd. 13 11.3 1981-1986e s F 10

Creek County Line Rd. 18.9 1981-1986 s F 10

Wastewater Plant 22.0 1981-1986 s F 10

- Airport Rd. 25.9 1981-1986f s F 6

a. Includes spring 1986 sample.

b. All s ite s  on the Cache la Poudre River sampled only summer and fa ll  during 
1980 and only fa ll  during 1983 due to high flows.

c. S ite not sampled during fa ll  1982.



d. All s ite s  on the Big Thompson River were sampled only once durino the fa ll  of 
both 1979 and 1980.

e. All s ite s  sampled only fa ll  during 1981.

f .  Airport Road s ite  not sampled during 1983 or 1984.



Figure 1. Major regions of the South Platte River basin in Colorado (after Propst 1982).



Figure 2. Number of fish  species at different stream orders for 125 s ite s  in the South Platte River 
basin sampled by Propst (1982). The maximum species richness l ine and three regions for 
assigning IBI metric scores are shown;





F ig u re  4.
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Index of Biotic Integrity for a stream segment.



Appendix Table 1. S c ien tific  and common names of South Platte River basin
fish es.

S c ien tific  name Common name

Clupeidae

Dorosoma cepedianum 

Salmonidae

gizzard shad

Oncorhynchus nerka 
Prosopium williamsoni 
Salmo clarki stomi as 
Salmo gairdneri 
Salmo trutta  
Salvelinus fon tinalis 
Thymallus articus

Esocidae

kokanee
mountain whitefish 
greenback cutthroat trout 
rainbow trout 
brown trout 
brook trout 
Artie grayling

Esox lucius 

Cyprinidae

northern pike

Campostoma anomalum 
Carassius auratus 
Couesius plumbeus 
Cyprinus carpio 
Hybognathus hankinsoni 
Hybognathus placitus 
Nocomis biguttatus 
Notemigonus crysoleucas 
Notropis cornutus 
Notropis dorsalis 
Notropis heterolepis 
Notropis lutrensis 
Notropis stramineus 
Phenacobius mirabilis 
Phoxinus eos 
Phoxinus neogaeus 
Pimephales promelas 
Rhinichthys cataractae 
Semotilus atromaculatus

Catostomidae

central stoneroller 
goldfish 
lake chub 
common carp 
brassy minnow 
plains minnow 
hornyhead chub 
golden shiner 
common shiner 
bigmouth shiner 
blacknose shiner 
red shiner 
sand shiner 
suckermouth minnow 
northern redbelly dace 
finescale dace 
fathead minnow 
longnose dace 
creek chub

Carpiodes carpio 
Catostomus catostomus 
Catostomus commersoni

river carpsucker 
longnose sucker 
white sucker



Scien tific  name Common name

Ictaluridae

Ictalurus melas 
Ictalurus nebulosus 
Ictalurus punctatus 
Noturus flavus

black bullhead 
brown bullhead 
channel catfish  
stonecat

Cyprinodontidae

Fundulus sciadicus 
Fundulus zebrinus

plains topminnow 
plains k i l l if is h

Gasterosteidae

Culaea inconstans brook stickleback

Percichthyidae

Morone chrysops 
Morone saxatilis

white bass 
striped bass

Centrarchidae

Lepomis cyanellus 
Lepomis gibbosus 
Lepomis humilis 
Lepomis macrochirus 
Micropterus dolomieui 
Micropterus salmoides 
Pomoxis annularis 
Pomoxis nigromaculatus

green sunfish 
pumpkinseed 
orangespotted sunfish 
bluegill 
smallmouth bass 
largemouth bass 
white crappie 
black crappie

Percidae

Etheostoma ex ile  
Etheostoma nigrum 
Perea flavescens 
Stizostedion vitreum

Iowa darter 
johnny darter 
yellow perch 
walleye

Sciaenidae

Aplodinotus grunniens freshwater drum
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T able 1.—Number of trees sampled (N) and mean number of spadices produced by individuals 
of Washingtonia filifera (±  SD). Means followed by the same letter are not significantly different 
(p > 0 .0 5 ) using ANOVA and Duncan’s Multiple Range Test.

Category N X no. of
spadices/palm ± SD

Unburned 135 7.0 ±  2.8 a
Burned palms 131 11.1 ± 3 . 1  b
Ornamental palms 84 1 13.2 MHS

Reduction in competition, reduced parasitism and a stable supply of ground moisture Could 
cause increased spadix production among palms. Oasis fires usually remove competing plant 
species, possibly leaving more moisture, nutrients, and sunlight for the fire-tolerant palms. Fire 
also can kill larvae of Dinapate w righ tii that have tunneled close to the trunk exterior. These 
beetles are known to weaken or even kill desert fan palms (Cornett, 1984).

This study was supported by a grant from the Richard King Mellon Foundation of Pittsburgh, 
Pennsylvania.
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FIRST VERIFIED RECORD OF THE STONECAT, 
N O T U R U S  F L A V U S  (ICTALURIDAE)

IN THE SOUTH PLATTE RIVER SYSTEM, COLORADO,
WITH NOTES ON AN ALBINISTIC SPECIMEN

T he stonecat (N oturus flavus  Rafinesque) is widely distributed throughout much of the Ohio, 
Missouri and Mississippi river drainages in the central United States and southern Canada and 
extends farther west than any other member of the genus (Taylor, 1969). In the lower Missouri 
River drainage it has been collected in the North Platte River in Nebraska and Wyoming (Taylor, 
1969) and the Republican River system in Kansas, (Collins, pers. comm., Univ. Kans. Mus. Nat. 
Hist.) Nebraska (Taylor, 1969) and Colorado (Cancalosi, 1980). Its apparent absence in the South 
Platte River system, Colorado, was noted by Taylor (1969; Map 8).

We report the first verified record of the stonecat in the South Platte River system, Missouri 
River drainage, Colorado, and a westward range extension of 271 km at 40°N latitude. At 
approximately 1300 hours on 7 April 1984, while electrofishing a segment of St. Vrain Creek near 
the Longmont Wastewater Treatment Plant, Longmont, T5N , R68W, Sec. 19, Boulder County, 
Colorado, we collected a single juvenile (41 mm TL) stonecat (FC/BS 3668). The specimen was 
rousted from under a disjunct tuft of vegetation adjacent to an eroding shoreline. Three 
additional stonecats were seined from the aforementioned site on 3 September 1984 between 2115 
and 2230 hours (FC/BS 3669). The first, an albinistic individual (172 mm TL), was collected in 
the main channel in an eddy formed by a small cottonwood (P opulus  sp.) stump lodged in the 
streambed. The other two specimens, 105 and 109 mm T L, were taken from beneath an undercut 
bank and a shallow unvegetated rubble-substrate pool. All specimens were deposited in the 
ichthyological collection of the Fort Collins Section of the Denver Wildlife Research Center-Fort 
Collins/B iological Survey (FC/BS)-.* /
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The albinistic individual, when collected, had pink eyes, a yellow hue to the skin and lacked 
the typical dark gray pigm entation on the dorsal surface and dorsal, adipose and caudal fins. 
After preservation, it was uniformly opaque-white with yellowish eyes but otherwise appeared 
normal. Albinism was reported in the genus Ictalurus by Aitken (1937), Menzel (1944) and 
McLane (1950) and was first discovered in the genus N oturus  by Stasiak and Evans (1978) in the 
tadpole mad tom, N oturus gyrinus. To our knowledge, this is the second report of albinism in 
the genus and thé first for the stonecat.

There is little published literature on the ichthyofauna of the South Platte River system in 
Colorado. Cockerell (1908) was the first to report the stonecat in the South Platte River but failed 
to provide locality data identifying the state of collection as Colorado, Nebraska or Wyoming or 
elaborate On the procurement of specimens. Beckman (1952) considered it a possible inhabitant 
of the South Platte River in eastern Colorado but had no corroborative material. Propst (1982) 
recently surveyed the warmwater fishes of the Platte River Basin, Colorado, but did not collect 
the stonecat. In his historical synopsis of the indigenous fishes of this system, Propst (1982) cited 
previous works which mentioned the presence of the stonecat and noted the lack of voucher 
specimens but did not speculate on its resident status.

There has been a 76 year lapse between the first reference to the stonecat in the South Platte 
River (Cockerell, 1908) and its documentation with voucher specimens. We believe these four fish 
represent^  self-reproducing native population. Taylor (1969) stated that this fish is infrequently 
obtained except through intensive surveys. Since all recent collections have been made during the 
daytime, there is the distinct possibility that the stonecat was overlooked because of sampling bias 
against nocturnal forms. While range extensions for several species of N oturus  have been ascribed 
to bait-bucket introductions (Taylor, 1969; Robison and Winters, 1978), it seems unlikely that the 
discovery of stonecat in S t Vrain Creek can be attributed to anthropogenic activities. The two 
nearest known populations are 198 km N in the Laramie River, Wyoming (Baxter and Simon, 
1970) and 248 km E in the Republican River, Colorado (Cancalosi, 1980); the latter population  
being represented by the collection of a s inglÿ lpecim en (Cancalosi, 1980). Distance, scarcity and 
difficûftÿ in obtaining stonecats make it doubtful that these populations served stock for the 
St. Vrain Creek population. Finally, the stonecat has been collected in most of the major 
tributaries of the Missouri River drainage and its presence as a native of the South Platte River 
system is not a zoogeographic anomaly. Additional collections are planned to determine the 
distribution and relative abundance of this fish in the South Platte River system.

We thank Drs. Clarence A. Carlson, Glenn H. Clemmer, Kurt D. Fausch and David L. Propst 
for their helpful commentfpand £* E. Dawson for useful information on albinism. This 
manuscript benefited greatly from the input of Kevin R. Bestgen. Kurt D. Fausch, Donna G. 
Howell, Kirke L. Martin and Roy C. Warbington assisted with the collection of the first 
specimen.
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TEMPORAL FORAGING ACTIVITIES OF 
S O L E N O P S I S  I N V I C T A  (HYMENOPTERA: FORMICIDAE)

AND OTHER PREDOMINANT ANTS OF CENTRAL TEXAS

Foraging schedules^ of six predominant ant species of the Edwards Plateau in central Texas 
were determined during the summer of 1983. This study was conducted on the Allert Ranch ca. 
10 km SW of Bandera in Bandera Co. and on the Texas Tech University Center at Junction in 
Kimble Co. These localities are separated b /  ca. 100 km and are similar in both geology and 
vegetation (Correll and Johnston, 1979). Although Bandera Co. has been infested for at least ten 
years with the red imported fire,ant, Solenopsis invicta  Burea, the westernmost edge of this 
species’ distribution has not reached Kimble Co. (Francke et al., 1983). Therefore, the objective 
of this study was to provide baseline information on the ant faunal composition and 5. invicta  
temporal foraging behavior in these areas. With these data, future investigations may determine 
the impact of S. invicta  on native ants of that region. Some researchers believe that this species’̂  
a pest throughout nine southeastern states (Lofgren et al., 1975) simplifies thé àrthropod fauna 
of an area, thereby decreasing the stability of the ecosystem (Whitcomb et al., 197%). '

Three straight line transects, each consisting of 20 bait stations ca.'10 m apart, were established 
in improved pasture land at each site. Each station contained three bait types located 2i3 m apart: 
dog food containing meat (Ken-L Ration; ca. 25 g), soybean oil (Wesson; ca, 5 ml) and honey 
(generic; ça. 5 ml). The latter two were presented as bait on saturated cotton balls. Each bait was 
placed on an inverted plastic cup lid (diameter = 10 cm) and was retrieved by snapping a 440 
ml plastic cup onto the lid at the end of the sampling period. Baits at every other station were 
replaced every 3 hrs (permanent), wheréas baits at the remaining stations were left for 30 min 
(temporary) starting at the beginning of each sampling period. This procedure allowed for the 
capture of ants attracted to different food sources. Also, ant species that rapidly find food sources 
but become displaced by more dominant species were collected, as well as tho;sç species causing 
the displacement. Samples were taken and baits replaced every 3 hrs, beginning at 1000 hrs (CDT) 
and continuing for one 24-hr period. Observations were initiated on 19 July, 4 and 10 Aug., 1983 
in Kimble Co. and 4, 7, and 13 July 1983 in Bandera Co. The numbers of ants within each 
species were normalized using a logarithmic transformation. These transformed data were 
subjected to analysis of variance followed by Duncan’s multiple range test (SAS) for a comparison 
of means among time periods within each species at both localities. All species were analyzed 
separately.

Twelve ant taxa were identified from the samples collected from both counties. Of the eight 
taxa of ants detected in Bandera Co., 99.4% were Solenopsis iridic ta Burén (65.4%), M onom orium  
m in im u m  (Buckley);>(5.3%), Forelius pru inosus  (Roger) (23.2%), and Pheidole  spp? (5.5%). The 
remaining 0.6% detected in Bandera Co. were Paratrechina bruesi (Wheeler), Pachychondyla  
harpax (Fi),^Solenopsis (D ip lorhop trum fm p . and Crematogaster laeviuscula  Mayr. Of the seven 
taxa detected in Kimble Co., four constituted 97,0%: Forelius foetidus  (BuckleyJ&36.7%), M. 
m in im u m  (15.7%), Solenopsis gem inata  -(If.) (16.4%), and Pheidole  spp. (28.2%). The remaining 
3.0% included P. harpax, Conom yrm a  spp. and Pogonom yrm ex barbatus (F. Smith).

Data presented in Table 1 indicate that, while, not significantly different (P >  0.05), more S. 
invicta  were collected during the cooler night and early morning temperatures than during p p 
higher temperatures recorded at mid-day. Those S. invicta  collected during the mid-day sampling 
periods were perhaps the result of continued recruitement to the rich bait sources, even during 
the relatively high late-afternoon soil tempertures. Often dead S. invicta  were observed on the 
baits during the afternoon, perhaps indicating that recruitment continued even when 
temperatures were high enough to cause fatalities. Significantly more S. gem inata  were collected 
during the night than during the day. However, significantly greater numbers of M. m in im u m



T a b l e  1— Mean numbers of 
to the nearest whole number.

ants detected by three bait transects during eight 3-hr sampling periods in two counties of central Texas. All values are rounded

0700 h r 1000 hr 1300 hr
T IM E  P E R IO D  (C D T ) B eg in n in g  a t:1 

1600 hr 1900 hr 2200 hr 0100 hr 0400 hr

BANDERA COUNTY 4
Mean temperature 26°C 27°C 30°C 31°C 31°C | 29°C 28°C 27°C

Solenopsis invicta S'2121a 896a 1125a 566a 2605a 2409a 2566a 1519a
M onom orium  m in im u m 522a 171a 247a 244a 2b 0b 3 b 3b
Forelius pruinosus 677ab 2190a 1842a 1308ab 84abc 9bc 77abc 0c
Pheidole  spp. 

KIMBLE COUNTY
7b 60ab 36ab 283ab 238ab 369a 175ab 55ab

Mean temperature 22°C 27°C 28°C - 29°C 27°C 26°C 24°C 23°C
Solenopsis gem  inata Ob 20ab 72ab 50ab 50ab 268a 375a 139ab
M onom orium  m in im u m 300a 108ab 260ab 75ab 75ab 25ab 33ab 0b
Forelius foetidus 796ab 409ab 961a 2cd 2cd 52bc 0d 20bcd

. Pheidole spp. 722ab 158ab 40ab 328a 328a 155ab 74ab 0b
V a lu e s  w ith in  a row  fo llo w ed  by th e  
da. 2 cm  b en eath  so il surface.
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Rediscovery of lake chub, Couesius plumbeus. in Colorado

The lake chub, Couesius plumbeus (Agassiz), is distributed 

primarily in north-temperate latitudes of the United States in 

the upstream reaches of the Missouri River basin, the Great Lakes 

region, and northern Atlantic slope drainages, and is widely 

distributed across Canada (Wells 1980). Relict southern 

populations of lake chub occur in eastern Iowa, northern 

Nebraska, and north-central Colorado. The Nebraska population 

was thought to be extinct (Morris et al. 1974) until 1987 when a 

single specimen was captured (R.H. Stasiak, Univ. of Nebraska, 

Omaha, pers. comm.).
The southernmost Colorado populations of lake chub were 

historically restricted to the South Platte River drainage, and 

only two verified records exist. A single specimen (110 mm 

standard length [SL]) was collected in 1903 in Boulder Creek, 

near Boulder, and 34 specimens (55-115 mm SL) were taken in 1904 

from St. Vrain Creek, near Longmont (Ellis 1914). Although 

Beckman (1952) stated that lake chub was "fairly common in 

Colorado in the Platte River drainage", no corroborative 

collection locality or specimen data were available and his 

conclusions are, therefore, discounted. Other subsequent surveys
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(Ellis 1914, Hendricks 1950, Li 1968, Woodling 1985, Propst and 

Carlson 1986, Bestgen 1989) failed to reveal the presence of lake 

chub throughout the South Platte River drainage and the species 

was presumed extirpated from Colorado.

After an 85 year absence in collections, a single lake chub 

was captured while electrofishing the South Fork of (the^St. Vrain 

Creek, Boulder County, Colorado (T2NR72WS22), on 15 September 

1989. The specimen was a tuberculate female 95.3 mm SL, had 62 

lateral line scales, 9 dorsal and 8 anal fin rays, pharyngeal 

teeth were 2,4-4,2, and a small barbel was located just anterior 

of the end of the maxillary.

At the capture locality, the South Fork of St. Vrain Creek

has a mean width of 5.6 m, has a moderately high^gradient

(2.4 %), and habitat consists mostly of riffles. Riffles were 5

to 10 cm deep, average pool and run depth was 15 cm, maximum pool

depth^fwas 75 cm at baseflow (0.21 m3/sec, August 1987), and

substrate is predominantly cobble and boulder. Water remains

seasonally cold and the resident fish assemblage is predominantly

(85 %) composed of brown trout, Salmo trutta. brook trout,
/ ikSalvelmus fontinalis and rainbow trout, Oncjfiorvnchus mvkiss. in

nearly equal proportion. Longnose sucker, Catostomus catostomus.

represent the remaining 15 % of the fauna. The specimen was

captured m  a plunge pool downstream from a stream improvement
A

structure.
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Lake chub are known to migrate from large lakes into streams 

to spawn in early spring, and return to the same lake following 

spawning (Brown et al., 1970). It is possible that this specimen 

is a vagrant from one of the many upstream reservoirs in the St. 

Vrain Creek drainage. Alternatively, there could be a resident 

stream population of lake chub, but habitat conditions and the 

resident fish community are atypical of that usually associated 

with the species (Scott and Crossman, 1973; Becker, 1983). Lack 

of additional lake chub specimens during extensive sampling in 

the past two years also suggests that this may be a transient 

individual. Bait-bucket transfer is discounted due to absence of 

a nearby source population, and lack of local fishing areas where 

baitfish would be used.

Habitat in portions of the St. Vrain Creek drainage is 

relatively pristine and supports other fishes that are rare in 

Colorado (Propst and Carlson, 1986; Platania et al., 1988; 

Bestgen, 1989). Further surveys of (^^^fish assemblage^in the 

St. Vrain Creek drainage are warranted.

Funding for this project was provided by the Colorado 

Division of Wildlife through Federal Aid in Fish Restoration 

project F-88-R. We thank S. Shuler and D. Proebstel for field 

assistance, and R. J. Behnke for specimen verification. The 

comments and suggestions of anonymous reviewers are appreciated. 

This paper is contribution no. 46 of the Colorado State 

University Larval Fish Laboratory.
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Variable Fish Communities and the Index of Biotic Integrity 
in a Western Great Plains River

Robert G. Bramblett1 and Kurt D. Fausch2
D epartm en t o f  F ishery a n d  W ildlife B iology, C olorado S ta te  U niversity 

F ort Collins, C olorado 80523 , USA

A bstract. — We applied the index of biotic integrity (IBI) to the portion of the Arkansas River 
basin within the Southwestern Tablelands ecoregion, located on the Great Plains of southeastern 
Colorado. Only nine IBI metrics were appropriate for this region, largely because of the depauperate 
and tolerant ichthyofauna. The modified index was then used to assess effects of U.S. Army 
mechanized infantry training on biotic integrity of the Purgatoire River at 12 sites adjacent to the 
Piñón Canyon Maneuvers Site, a remote and relatively undisturbed canyon reach on a seventh- 
order Arkansas River tributary. Decrease in abundance of adult red shiners C yprinella  lutrensis, 
a tolerant omnivorous species, over a 6-year period (1983—1989) caused marked increases in the 
IBI at 9 of 12 sites despite lack of obvious changes in environmental quality after training began 
in 1985. Neither sampling variation nor the magnitude and timing of floods were sufficient to 
explain the large decrease in red shiner abundance. Other attributes of the biota, such as presence 
of long-lived fishes and lack of introduced species, provided no evidence for detrimental change. 
The majority of potential IBI metrics were hampered by the low fish species richness, the prepon-i 
derance of trophic and habitat generalists, or other attributes of the depauperate ichthyofauna. 
Moreover, human perturbations that cause change in fish communities of midwestem U.S. streams 
are suspected in many cases to mimic natural disturbances in this system, so they may have 
relatively little effect. Conversely, some perturbations considered benign in more mesic environ
ments are likely to cause dramatic changes. We therefore propose that our understanding of the 
structure, function, and natural variation of fish communities in western Great Plains streams 
must increase substantially before we can define fully appropriate measures of biotic integrity for 
these lotic systems.

The index of biotic integrity (IBI; Karr 1981) is 
an ecologically based index used to assess degra
dation of aquatic ecosystems. It was originally de
veloped for use in midwestem U.S. streams char
acterized by mesic environments and relatively 
rich fish faunas (Karr et al. 1986). Recently, many 
investigators have modified the IBI to assess deg
radation in a variety of ecoregions throughout the 
USA and Canada (Leonard and Orth 1986; 
Thompson and Fitzhugh 1986; Hughes and Gam
mon 1987; Ohio EPA 1988; Miller et al. 1988; 
Steedman 1988; Schrader 1989; Fausch et al. 
1990). However, the naturally depauperate fish 
faunas found in certain regions of the southwest
ern (Schrader 1989), northwestern (Hughes and 
Gammon 1987), and northeastern USA (Miller et 
al. 1988) and in many small streams (Leonard and 
Orth 1986), present challenges in applying the in-f 
dex in these systems. Problems arise because the 

^ecological framework of the IBI relies on nominal

1 Present address: Inter-Fluve, Inc., 211 North Grand, 
Bozeman, Montana 59715, USA.

2 To whom reprints requests should be senfi | |

levels of taxonomic diversity, as well as on diver
sity in trophic guilds and levels of tolerance to 
environmental degradation.

Western Great Plains streams may present 
unique challenges to application of the IBI be
cause their naturally variable flow regimes and 
low habitat diversity have resulted in fish com
munities that are not only depauperate, but are 
also generally tolerant to wide fluctuations in 
physicochemical conditions (Cross et al. 1986; 
Cross and Moss 1987; Matthews 1987^1988; 
Bramblett and Fausch 1991; Fausch and Bram
blett 1991). Moreover, relatively little is known 
about the ecology of fish communities in Great 
Plains streams (Matthews 1988), which may ham
per suitable modification of the IBI to detect deg
radation in these systems.

In this paper we attempt to modify the IBI to 
assess impacts of U.S. Army mechanized infantry 
training activities on a relatively undisturbed reach 
of a western Great Plains river. We show that 
variation in relative abundance of one fish species 
caused large increases in the IBI despite lack of 
obvious environmental change, and we discuss the 
effectiveness of the index in these sorts of systems.
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Consequences of a New Paradigm
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Abstract

Trout living in streams have been thought to move 
very little throughout their entire lives. Recent 
research has demonstrated that adult brown trout, 
Colorado River cutthroat trout, brook trout, and 
rainbow trout were far more mobile than previously 
believed. The mobility of trout has probably affected 
estimated offish abundance, perceptions of habitat 
quality, and the delineation of populations, and 
could nullify the desired outcome of restrictive 
angling regulations. Also, by fragmenting streams 
we may be reducing the probability of persistence of 
native trout populations by restricting movementy 
and thus restricting population size.

Restricted Movement:
The Prevailing Paradigm

Unlike their anadromous relatives, stream-resident, 
trout are often considered to be relatively immo
bile. For example, Northcote (1992) stated that 
the “home ranges for [such] yearling and older 
salmonids are ../usually a few tens of meters.” The 
notion of restricted movement of stream-dwelling 
trout has persisted for over 50 years (Hoover and 
Johnson 1937; Gerking 1959)^nd has been 
applied to trout species as different as cutthroat 
trout (Oncorhynchus clarki) (Miller 1957;
Heggeties et al. 1991) and brown trout (Salmô  
trutta) (Stefanich 1952; Bachman, 1984)/

USDA
Forest Service
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Unfortunately, the methods used in movement 
studies favor relocating immobile fish (Gowan et 
al. ( in press). The procedure for most studies was 
to mark fish in relatively short reaches of streams, 
return to these same reaches weeks to a year later 
to resainple them, then discuss only the recapture 
of marked fish. Usually few if any areas outside ; 
the selected reaches were sampled. Because most 
marked fish that were recaptured came from the 
reaches where they were originally marked, the 
authors considered this evidence for a lack of i 
movement. But they typically failed to address the 
fate of the 15 toDQ% of marked fish that were % 
never recaptured, or attributed their absence to 
mortality or lost marks. Studies employing other 
techniques, such as direct observation, were" 
handicapped because fish were not followed 
during all seasons or at night (e.g., Bachman 
1984). Until the last five years, potential move
ment had been inadequately evaluated.

New Views of Movement

Recent research in the Midwest and the Rocky 
Mountains has disputed the paradigm of immobil
ity of stream-dwelling trout. Clapp et al. (1990) 
and Mèyers et al. (1992) used radiotelemetry to 
monitor the positions of large brown trout in 
Michigan and Wisconsin, and observed seasonal 
movements of over 30 km. Similarly, Young (in 
press) implanted transmitters in over 50 adult 
brown trout in tributaries Uf the North Platte River 
in Wyoming. I observed fish moving as far as 96 
km and hypothesized that fish began spawning 
migrations from the river to the tributaries in late 
July, wintered in the tributaries (often in deep 
pools), and returned to the river during spring 
high flows (Figure 1). Young (iii review) used the 
same technique to monitor much smaller Colo
rado River cutthroat trout (O. c. pleutiticus) and

Figure 1. Brown trout movements in the North Platte River drainage. The dotted line represents 
hypothesized summer-fall movements into the tributaries, and the dashed line represents hypoth
esized spring-sumruer movements into the river. Small letters represent observed movements of 
three brown trout: fish "a" moved 23 km, fish "b" moved 66 km, and fish "c" moved 96 km.

Page 1



FHR Currents

detected movements averaging over 300 m (and 
up to 2.4 km) in mid-summer. Twenty-four-hour 
observations of both species revealed numerous 
movements of over 100 m and up to 1.1 km 
(Young, unpublished data). Using two-way fish 
traps to monitor movement, Riley etal. (1992) 
observed extensive, cpntinuous movements of 
brook trout (Salvelinus fontinalis) in mid to late 
summer in small Colorado streams. Investigations 
of these species, ás well as rainbow trout (0. 
mykiss) in Idaho (Middle Fork Salmon River, 
Bjornn and Mallet 1964; Silver Creek, Young, 
unpublished data), continue to demonstrate that * 
movement is far more commonplace among adult 
trout than previously believed.

Consequences of 
Movement;

Many aspects of resident trout biology implicitly 
, rest on the assumption of immobility. If this 

assumption is invalid, it challenges several tenets 
of current trout management and research.

Speaal regulations.—Restrictive regulations are 
usually designed to reduce harvest of some or all 
of a trout population. These regulations presume 
that the protected groups will remain within > 
designated stream reaches. But this presumption is 
not always correct; Clapp et al. (1990) noted that 
some large brown trout* originally tagged in a no
kill section of the South Branch of the Au Sable 
River, spent most of their time in a standard- 
regulation reach. In Wyoming, a slot limit has 
protected 254-406 mm trout in the North Platte 
River since 1982 (Mike Snigg, Wyoming Game 
and Fish Department, personal communication), 
and this may have led to increases in the abun- 
dancé of spawning adults in the tributaries during 
the spawning run. The tributaries, however, are 
under standard regulations, and fluvial fish are jt 
unprotected once they enter the tributaries (often 
as early as July). If anglers harvest these large fish 
in the tributaries (and anecdotal evidence suggests 
that they do), future gains to the overall popula
tion may be limited.

Up- and downstream effects.—Another belief is the 
overriding importance of local habitat on fish 
populations. For example, structural rehabilitation 
has been thought to increase the abundance of 
¿rout in a treated reach by increasing survival, but 
this assumption has never been verified. In con
trast, Riley and Faiisch (in press) attributed the 
increased abundance of trout in structurally 
enhanced reaches of six Colorado streams to 
greater retention of mobile fish arriving from 
outside the treated reaches. This implies that the 
absence of a critical habitat outside an “enhanced” 

c reach may be responsible for suboptimal trout 
densities within the reachConsider thatsuitable 
edge habitat for fry of Colorado River cutthroat 
trout was usually unoccupied unless spawning 
habitat was nearby (Bozek 1990).

The possibility of fish movement is frequently 
ignored when building in-stream structures not 
intended to enhance trout populations (e.g., water 
diversions or dams). One consequence is that fish 
may be blocked from seasonally critical habitats 
up- or downstream (e.g., spawning or over
wintering sites). Alternatively, such barriers may 
cause the extinction of mobile life history forms, 
and if these forms are genetically distinct, their 
genetic contribution to the population will be lost.

; A genetic contribution to mobility is plausible but 
i speculative (Jonsson 1985; Northcote 1992). 

Regardless, these structures fragment populations 
that then run a greater risk of extinction without 
the opportunity for natural recolonization.

Up- and downstream effects are not limited to 
physical disruptions. The stocking of non-native 
trout has led to the eventual loss of many indig
enous trout populations, except where barriers 
prevented migration of the invading species (see 
Young 1995). For example, a single stocking of ^  
brook trout in a headwater lake apparently led to 
their eventual replacement of Colorado River 
cutthroat trout in most of the Battle Creek, Wyo
ming watershed, except where a polluted stream 
prevented their invasion into unpolluted tributar
ies (Eiserman 1958). Ironically* the relatively 
rapid spread of introduced populations was 
apparently disregarded as evidence that trout were 
mobile. V V:';
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Sampling fish abundance and. population 
characteristics,—Most estimates of Fish abundance 
in streams are derived from one or a few short 
reaches of a stream, typically only once each year 
(or less often). Movement of fish through these 
reaches would render counts suspect, in part by 
violating an assumption of mark-recapture esti- 

v mates. Decker and Erman (1992), after repeatedly 
electrofishing adjoining reaches of one stream 
throughout a summer, noted that the abundance 
of several trout species varied asynchronously. 'p 
They attributed this variability to species-specific 
movements, and questioned the value of one-time 
sampling for estimating fish abundance. Over 50 
years earlier, Shelter and Hazzard (1938) similarly 
concluded that “populations of stream fish are 
relatively unstable in specific areas of a stream { 
during the summer months, and ... calculations of 
stream populations from counts made on one or 
two short sections of stream at only one period of 
the year are not reliable.” Long-term rhodellmg of 
population fluctuations (Platts and Nelson 1988) > 
or community composition^ (Ross et al. 1985) are 
especially sensitive to annual or species-specific 
variation in mobility. Even one-time basin-wide 
inventories cannot account for trout mobility. 
Herger et ah (in review) performed two basin- 
wide surveys one month apart on each of two 
streams, and noted that the redistribution of 
Colorado River cutthroat trout led to different ) / 
estimates at habitat-specific densities and overall 
trout abundance within each stream.

This unreliability can extend to other kinds of 
sampling. For example, meristic and morphomet
ric analyses were used to determine the genetic 
purity of Colorado River cutthroat trout from two 
tributaries and the mainstem of the North Fork 
Little Snake River in southern Wyoming (Binns ^  
1977). The analyses indicated that fish in the 
mainstem were genetically pure, fish from 
Harrison Creek were obviously contaminated by 
hybridization, and fish frpm Green Timber Creek 
were assumed to be intermediate. However, in 
movement studies conducted in 1992 (Young, in 
review), a single radio-tagged adult occupied all 
three locations within 23 days. Moreover, nearly 
all the fish originally captured in Harrison Creek 
and Green Timber Greek eventually migrated to

the North Fork Little Snake River and could have 
been thought to represent the putatively isolated 
populations in any of the three streams. Because of 
the potential seasonal and annual variability in 
population composition, we should consider the 
consequences of one-time sampling for describing 
population genetic structure (Fausch and Young, 
in press).

Habitat modelling.—Modelling may also be 
confounded by trout movement. Many habitat- 
based models, constructed from physical or 
biological data often collected at a single point in 
time, attempt to predict the abundance or biomass 
of salmonids (see Fausch et al. 1988 for ex
amples).-The inability to incorporate temporal 
variation in stream characteristics has beeii  ̂
recognized as a shortcoming of such models i.e., 
habitat characteristics change seasonally without 
apparent concurrent changes in fish abundance 
(COnder and Annear 1987). Yet rarely considered 
is the potential temporal variation in fish abun
dance produced by mobility, which could add 
substantially to the unexplained variation in such 
models. Additionally, that species (e.g., brown 
trout) may not be in feeding positions when 
sampled by electrofishing (Young, personal 
observation) may further degrade the performance 
of these models.

Arbitrary definition of populations.—Perhaps 
because of a perceived lack of mobility in fishes, 
biologists often attempt to geographically, but not 
biologically, define populations. That is, we often 
designate the trout in a small stream as a single 
population (in a sense, isolated by immobility).
Yet rarely is this designation merited, because 
trout may immigrate to the small stream (to 
reproduce, feed, or escape floods) or emigrate 
from it (to overwinter or escape desiccation). That 
the range of a single population may include far 
more waters than the “type location” is consistent 
with the emerging concept of metapopulations^ 
Metapopulations consist of a collection of sub- 
populations that are linked by immigration and 
emigration (Hanski and Gilpin 1991). The indi
vidual subpopulations may thrive, suffer losses of 
genetic variation, or go extinct, but individuals 
from other subpopulations within the
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metapopulation can contribute to the growing 
subpopulations, restore genetic variation to small 
subpopulations, or found new subpopulations 
after extinction. To persist, metapopulations must 
consist of periodically mobile individuals in 
habitats without continuous barriers to movement 
(Gilpin 1987). Whether nietapopulation theory 
explains trout population structure remains to be 
investigated, but it seems likely that most popula- 

-  tions of salmonids have been founded by mobile 
indtyiduais from large populating (cf. Milner and 
Bailey 1989).

Conclusions

A new paradigm for stream-dwelling trout consid
ers (but does not mandate) mobility as one of the 
possible responses to food, growth, competition, 
predation, environmental disturbance, arid daily 
and seasonal cycles. Movement may be minimal 
under some circumstances e.g., abundant 
macroinvertebrates, complex habitats, and envi- r 
r on mental stability (cf. Bachman 1984). But 
because most streams are spatially and temporally 
heterogeneous, trout may elect to move frequently 
and extensively. The challenge for managers and 
researchers is to recognize when and where 
movement will be advantageous or necessary for ■

, maintaining wild trout populations.
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BIG THOMPSON RIVER 
HISTORICAL FISH SAMPLING INFORMATION 

STANDARD REGULATION LOCATIONS

CHUCK’S PLACE STATION
YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12”
1989 RBT = 184 TOTAL 70 20.3 2

LOC= 30 214 9 19.2 2

1991 RBT = 226 TOTAL 74 21.1 2
LOC = 63 289 16 23.4 7

1995 RBT =184 TOTAL 76 21.2 5
LOC = 68 252 18 25.0 11

1997 RBT = 181 TOTAL 74 21.3 8
LOC =107 289 13 24.5 10

1998 RBT = 361 TOTAL 83 19.6 16
LOC = 70 431 12 24.9 14

1999 RBT = 298 TOTAL 82 22.4 18
LOC = 70 368 16 23.7 8

NEW HABITAT IMPROVEMENT SITE BELOW DAM

YEAR SPECIES /BIOMASS % COMPOSITION AVERAGE NUMBER
LENGTH (CM) OVER 12”

1993 RBT = 65 TOTAL 60 17.5 4
(BEFORE LOC = 31 96 18 17.5 3
PROJECT) HAT = 36* +36 13 26.6 4

= 132
1995 RBT = 37 TOTAL 47 18.7 4

(BEFORE LOC = 44 81 17 17.5 1
PROJECT) SRN* = 10 +10 27 26.8 0

= 91
1996 RBT = 120 TOTAL 62 21.2 26

(BEFORE
PROJECT)

LOC = 54 174 29 24.2 14

1998 ( AFTER RBT =177 TOTAL 64 21.8 9
PROJECT) LOC = 78 255 33 18.2 16

1999 (AFTER RBT =105 TOTAL 54 20.6 19
PROJECT) LOC = 78 184 78 22.2 13



STANDARD REGULATION LOCATIONS 

“OLD” HABITAT IMPROVEMENT SITE BELOW DAM

YEAR SPECIES/BIOMASS % COMPOSITION AVERAGE NUMBER
LENGTH (CM) OVER 12”

1993 RBT = 69 TOTAL 64 19.1 3
(BEFORE LOC = 33 102 21 23.4 1
PROJECT) HAT = 23* +23 9 29.0 3

= 125
1995(AFTER RBT = 96 TOTAL 42 19.9 5

PROJECT) LOC =145 241 48 20.5 9
SRN = 58* +58 5 25.0

= 299
1996 RBT =147 TOTAL 53 17.2 h

(AFTER LOC = 168 315 34 22.9 19
PROJECT)

1997 (AFTER RBT = 70 TOTAL 56 13.8 0
PROJECT) LOC = 96 166 36 23.9 7
1998(AFTER RBT = 71 TOTAL 47 17.6 6

PROJECT) LOC = 80 151 50 19.8 18
WALTONIA

YEAR SPECIES/BIOMASS %  COMPOSITION AVERAGE NUMBER
LENGTH (CM) OVER 12”1997 RBT = 182 TOTAL 72 17.7 3LOC = 40 222 9 23.5 1

1998 RBT = 354 TOTAL 81 16.6 1
LOC = 84 438 10 22.3 6

1999 RBT =153 TOTAL 84 17.3 0LOC = 45 198 13 20.9 2
SINGLE SAMPLED STATIONS EN STANDARD REGULATION AREAS

BELOW IDLEWYLD DAM - 1992
YEAR SPEŒS/BIOMASS »/»COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12”
1992 RBT = 86 TOTAL 22 24.6 1LOC = 77 163 35 19.8 0

TURNOUT ABOVE ]INDIAN VILLAGE - 1992
1992 RBT = 57 TOTAL 10 2J.8 2LOC = 148 205 45 18.5 3

.25 MILE UPSTREAM FROM POWER PLANT AT CANYON MOUTH
1992 RBT = 25 TOTAL 15 22.6 0LOC = 69 94 68 18.0 1

RIVERVIEW CAMPGROUND
1992 RBT = 69* TOTAL 22 22.4 10

LOC = 123* 192 38 22.7 11
• = INCLUDES FISH WHICH PROBABLY ESCAPED FROM THE FISH KILL ZONE A MILE UPSTREAM



BIG THOMPSON RIVER HISTORICAL SAMPLING INFORMATION 
SPECIAL REGULATION LOCATIONS

HANDICAP RAMP
YEAR SPEŒS/BIOMASS “/«COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12’
1989 RBT = 90 TOTAL 36 18.9 1

LOC = 73 163 60 21.2 5
1991 RBT =118 TOTAL 53 21.0 1

LOC = 77 185 41 22.0 6
1997 RBT =123 TOTAL 54 20.6 2

LOC = 132 255 37 24.6 7
1998 RBT =106 TOTAL 64 18.3 2

LOC = 75 181 31 23.1 3
1999 RBT = 89 TOTAL 57 21.3 1

LOC = 76 165 39 24.1 8
GRANDPA’S (POOR SAMPLING EFFICffiNCY)

1989 RBT =116 TOTAL 78 17.7 0
LOC = 29 145 17 18.7 0

1991 RBT =156 TOTAL 73 19.0 0
LOC = 59 215 25 19.7 2

1993 RBT = 95 TOTAL 76 18.0 0
LOC = 53 148 23 23.1 3

1995 RBT =106 TOTAL 78 20.5 0
LOC = 27 133 15 24.0 2

1997 RBT =101 TOTAL 79 19.9 5
LOC = 37 138 15 24.7 4

TWIN PINES
1989 RBT =136 TOTAL 72 19.7 2LOC = 54 190 25 20.6 0
1991 RBT =140 TOTAL 61 20.9 1

LOC = 72 212 34 20.3 1
1995 RBT =169 TOTAL 61 22.8 2

LOC =100 269 37 22.5 4
1997 RBT =115 TOTAL 66 22.4 8

LOC = 61 176 33 24.2 1
1999 RBT =162 TOTAL 70 21.2 15

LOC = 128 290 28 23.5 5
SINGLE STATION SITES IN CATCH AND RELEASE SITUATIONS

SYLVAN DALE RANCH
YEAR SPECIES /BIOMASS %  COMPOSITION AVERAGE NUMBER

LENGTH (CM) OVER 12”1997 RBT = 94 TOTAL 24 25.4 21LOC = 62 156 43 26.8 331998 RBT = 55 TOTAL 34 26.3 17
LOC = 71 126 54 26.3 27

CROCKER RANCH
1993 RBT =159 TOTAL 73 22.3 24LOC = 40 199 14 24.0 10

PRIVATE, CATCH AND RELEASE CEDAR COVE
1991 RBT =115 TOTAL 59 18.8 2

LOC = 42 157 22 19.5 31995 RBT = 22 TOTAL 9 30.6 7LOC = 67 89 50 24.5 9



OBSERVATIONS AND INTERPRETATIONS

NO CLEAR DOWNWARD TRENDS IN EITHER STANDARD OR SPECIAL
REGULATION AREAS.......WE ARE ACTUALLY IN BETTER SHAPE THAN
EARLY 90S
1 NO WHIRLING DISEASE EFFECTS ON A POPULATION SCALE
2 NO “CLASSIC” RESPONSE TO CATCH AND RELEASE REGULATIONS, LE. RAINBOW 

NUMBERS ARE NOT DRAMATICALLY HIGHER THAN BROWN TROUT NUMBERS IN 
COMPARISON BETWEEN AREAS, AND BIOMASS IS NOT GREATER, IT ACTUALLY 
AVERAGES 20% LESS.

3 BIOMASS TRENDS: SPECIAL REG SITES SHOWED 3 UNCHANGED, 1 SIGNIFICANTLY UP, 
1 MILDLY DOWN. STANDARD REG SITES SHOWED 3 UNCHANGED AND 2 SIGNIFICANTLY 
UP

BIG T DOESN’T GROW BIG FISH VERY OFTEN REGARDLESS OF 
REGULATION STRATEGY, FISH OVER 12” STD = 7.6 RBT AND 7.7 LOC PER 
SITE, SPECIAL REG SECTIONS = 5.4 RBT AND 6.7 LOC PER SITE

AVERAGED BIOMASS (KG/HA) SAMPLING SITES OVER THE YEARS
YEAR AVERAGE AT STANDARD REG SITES AVERAGE AT SPECIAL REG SITES
1989 214 1 SITE 166 3 SITES
1991 289 1 SITE 189 3 SITES
1992 163 4 SITES — ~
1993 111 2 SITES 174 2 SITES
1995 214 2 SITES 133 2 SITES
1996 245 2 SITES — —
1997 226 2 SITES 174 5 SITES
1998 319 4 SITES 152 2 SITES
1999 250 3 SITES 228 2 SITES

TOTAL 197 21 SITES 156 19 SITES
CREEL CENSUS SHOWED CATCH RATE DROPPED FROM 1992 TO 1997, D W M  CONTACTS 
SHOWED CATCH RATE DROPPED BY 50 %  AFTER STOCKING CEASED, HAS REMAINED THE 
SAME SINCE
USE IN STANDARD REGULATION FORMERLY STOCKED AREA HAS DROPPED 42% USE IN 
SPECIAL REGULATION AREA HAS INCREASED 31%



Norejko, Jay, 01:02 PM 2/17/00 , Trinchera Ceek fish

From: "Norejko, Jay" <Jay.Norejko@chs.state.co.us>
To: fwb@cnr.colostate.edu 
Subject: Trinchera Ceek fish 
Date: Thu, 17 Feb 2000 13:02:11 -0700 
X-Mailer: Internet Mail Service (5.5.2232.9)

Dear Robert Behnke,

I'm working with Kevin Black (Assistant State Archaeologist) at the Colorado 
Historical Society Office of Archaeology and Historic Preservation on the 
nomination of the Trinchera Cave Area for the Stewardship Trust. The 
nomination form asks many questions about the wildlife of the area. I 
haven't had much luck on my web and library searches of the area. On the 
Trinchera Cave 7.5 minute USGS map the parcel is in the 33S township, 59W 
range, and in all of section 16. This area lies about 30 miles directly 
east of Trinidad in Las Animas County. Bruce Rosenlund gave me your name as 
someone who might be able to help me since you may have done work in the 
area. I suppose what I would need is a report on any endangered fish in the 
area or if the area is an important migration corridor or breeding grounds.
Any help or leads would be greatly appreciated.

/ 3 o f

Jay Norejko 
Archaeological Aide 
Colorado Historical Society 
1300 Broadway 
Denver, CO 80203 
(303) 866-3498 
jay.norejko@chs.state.co.us
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Introduction

This report summarizes the information available from studies and col

lections made during this year* It is intended as a preliminary revision 

of Beckman’s Guide to the Fishes of Colorado, pointing out additions, de

letions, name changes, and corrected distributional and taxonomic data*

To understand the inadequacies in our knowledge of Colorado’s fish fauna 

it is necessary to be acquainted with the historical background which pro

duced our present sum of information* The 0*S* Geological and Geographical 

Surveys of the 1860’s and 70fs collected specimens on which many of Colorado1 

fish species were named* These collections resulted in a proliferation of 

newly described genera and species to such an extent that the status and 

validity of many species and the true diversity of the fauna is still not 

known* No comprehensive critical analysis of the taxonomy of Colorado fishes 

has yet been made* Through the years, opinions have been based on previous 

bits of work and all the errors and misinformation have been passed on and 

incorporated into our present body of knowledge* Our opinions and recommenda 

tions for improvement of Beckman’s Guide are arranged by family groups and 

follow the order encountered in the Guide*

Salmonidae

Coregonidae the whitefishes* reduce to subfamily status (Coregoninae) 

of Salmonidae*
The lake whitefish, Core&onus clupeaformis* added to the list of intro

duced species* A population of unknown origin is established in Cheeseman1s 

Reservoir*
Silver salmon, Oncorhynchus kisutch and California golden trout, Salmo 

aguabonita* added as introduced species* Atlantic salmon, Salmo salar* 

deleted* The splake, Salvelinus fontinalis x S* namaycusK stocked

in Colorado waters*



Presently, Carpiode^ cypriflus is the only carpsucker definitely known from
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Investigations of the native subspecies of cutthroat are underway*

Pure populations of Rio Grande cutthroat were found on the Trinchera Ranch 

in Costilla County in 1967*

Thymallidae, the graylings: reduce to subfamily (Thymallinae) of Ssl- 

monidae* The "American” grayling should be Thymallus arctkus; T. signifer 

is a synonym of arcticus*

Esocidae

The northern pike, Esox lucius, added to the list of introduced species* 

The grass pickerel, Esox vermiculatus» should be considered a subspecies of 

E* amaricanus«

Catostomidae

The plains carpsucker, Carpiodes forbesi, is a doubtful species* 

Presently* Carpiodes â̂ i.pTin is the only carpsucker definitely known from 

Oolora'dd* The white sucker, Catostomus cotntaersoni»

in the west slope tributaries of the Colorado River and a specimen was re

ceived from the Rio Grande basin in Conejos County*

The flannelmouth sucker, Catostomus latipinnis, may actually consist 

of two species: coarse scaled specimens (75-90 scales in the lateral line) 

were collected in the Black Canyon of the Gunnison River together with the 

typical fine scaled form (95-125)*

Several additions and corrections are necessary for the mountain suckers 

of the genus (or subgenus) Pantosteus» The name of the widespread bluehead 

sucker, P* delphinus» should be changed to P* discobolus * according to the 

work of Smith (1966* Hus* Zool*, Univ* Mich*, Misc* Publ* 129)* The name 

delphinus is a synonym of p* platyrhynchus* P* platyrhynchus* should be 

added t*o the list of native Colorado fish species as Smith found this sucker 

in a tributary of the Yampa*
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The life history information given in Beckman’s Guide states that the

bluehead sucker is a spring spawner and reaches a length of about one foot,
%

In late August of 1966, bluehead suckers to 16 inches were collected in 

spawning condition in the Black Canyon of the Gunnison,

Two corrections are necessary to update the information on the Plains 

Mountain sucker, Pantosteus jordani; 1, P. Jordan! is currently considered 

as a synonym of P. platyrhynchus! 2, There is no authentic record of a 

Igptpsteus in the east slope drainage of Colorado outside the Rio Grande 

basin, P. platyrhynchus has been reported from the North Platte basin in 

Wyoming and probably occurs in this drainage in Colorado, It is doubtful 

if any species of Pantosteus was native to the South Platte or Arkansas 

river basins. With the transportation of water from the Colorado basin through 

the Continental Divide, it might be expected that species typically found 

in headwater environments such as members of the genera Pantosteus, Cottus, 

an<* Rhinichthys« would be transferred to east slope waters. We know of no 

specimen, however, of Colorado basin species turning up ijf-any east slope 

water.

Cyprinidae

Information produced from taxonomic and ecological studies of the genus 

Gila of the Colorado basin demonstrate that the roundtail chub, Gila robusta, 

and the bonytail chub, G, elegans. should be considered as full species and 

not subspecies. The humpback chub, •G, cypha. should be added to the list 

of native Colorado species. This chub is rare and its true systematic posi

tion is not yet firmly established.

The Rio Grande chub, Gila nigrescens. should b© G. pandorae, G. nigre- 

scens does not occur in the upper Rio Grande basin*
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There are differences of opinion on the recognition of subspecies in 

Hybopsis gracilis « but if subspecies are used, the plains flatbed chub should 

be the subspecies gracilis and not communis and the southern flathead chub, 

gulona and not physignathus.

The Colorado speckled dace should be Rhinichthys osculus, not R, nubilus 

yarrow!» The use of subspecies in the variable dace species should be avoided 

unless based on a definitive study. The same advice applies to the use of 

subspecies in the fathead minnow Pimephales promelas which does not separate 

into two distinct geographical units in Colorado, as the subspecies names 

imply* The fathead minnow is now distributed in all major drainage basins 

of the state,

Notropis deliciosus missuriensis% the plains sand shiner, should be N. 

stramineus missuriensis. The name deliciosus can not be used for the sand 

shiner because it is a synonym of N, texanus, a species which does not occur 

in Colorado,

The distinctions and true taxonomic status of Hvbognathus placitus and 

H, nuchalis is not fully known* Further collections of Hybognathus are 

needed from eastern Colorado,

The subspecies of the central stoneroller, Campostoma anomalum, should 

be changed from plumbeum to pullum.

The redsided shiner, Gila (Richardsonius) balteatus, should be added 

to the list of introduced species; we have specimens collected from thé 

Yampa River,

A few small specimens of a Notropis minnow new to Colorado were found 

in an irrigation ditch east of Fort Collins, Apparently, this new minnow 

is close to Notropis volucellus, and may represent a range extension of that

species
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Species not listed in Beckman and not collected yet, but which we suspect 

may be native to Colorado waters ares Chrosomus neogaeus and Notropis 

heterolepis.

The type specimens of three cyprinid species of unknown status described 

from Colorado were examined at the U.S. National Museum. Leuciscus evermanni 

Juday is a synonym of Semotilus atromaculatus; Notropis universitatus Ever- 

mann and Cockerell may be N, cornutus, and Notropis horatii Cockerell, is 

probably N. dorsalis.

Ictaluridae

The catfish family should be Ictaluridae, not Ameiuridae; and the genus 

Ameuirus becomes Icfcalurus.

Serranidae

The white bass genus Lepibema becomes Roccus.

percidae

The character of cheek scalation used to distinguish Etheostoma exile 

is variable and not absolutely reliable,

Cottidae

The eagle sculpin, Cottus annae, is a synonym of C. beldingi.
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Specimens Desired for Further Study

All native cyprinids of east slope drainages« Chubs of the genus Gila 

in the Colorado basin* Carpsuckers of the genus Carpiodes* ,fCoarse scaled" 

flannelmouth suckers of the Colorado basin* Any Pantosteus from east of the 

Continental Divide and Pantosteus platyrhynchus from the Colorado basin. 

Observations on behavior or life history of the rare Colorado squawfish, 

Ptychocheilus lucius and the humpback sucker, Xyrauchen texanus besides

specimens of these species would be welcome
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F J¿rz&<-^ 1 ®  K^Á^ti Ít. -  %

"Vt̂ v. y  _ i  w ^ n  . 1
í< ^  H»V̂ V> ¿-í

y4--« / " * - * , /  M̂ ,íPj jVt>^ r:,rá^v^"i: :

cJji ir+A~*

a i . SSH *3*«*-
tv 1  ̂'l'Vi tiX'L ï\jî(\* \jú<X(
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NONGAME ADVISORY COUNCIL MEMBERS DATE APPOINTED RECOMMENDED TERM EXPIRATION DATE

Dr. Robert Behnke 1975 12/31/78

Dr. Melvin Dyer 1976 12/31/79

Dr. James H. Enderson 1978 12/31/80

Dr. Robert Erickson 1976 12/31/79

Dr. James Fitzgerald 1973 12/31/78

Mr. Ron Lestina 1973 12/31/78

Dr. Michael Monohan 1978 12/31/80

Dr. David Pettus 1975 12/31/78

Mr. Robert Turner 1978 12/31/80

Ms. Jean Widman 1976 12/31/78
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Nongame Wildlife

Budget Alternatives Fiscal 1978-79

Priorities

#1 Maintenance Budget
FTE

- Enhancement -

#2 4* Threatened & Endangered Species Program
FTE

#3 -b 3.0 Nongame Biologists for NE, NW & SW
FTE

+ Enhancement Special Purpose

#4 1) Urban Wildlife
FTE

#5 2) Herptile Program
FTE

#6 3) Inventory of Selected Properties
FTE

#7 4) Inventory of Undetermined Species'
FTE

#8 5) Walter Walker Nongame Wildlife Area
FTE

r| #9 6) Floating Nest Structures
FTE

#10 7) Water Snake and Soft Shell Turtle Study
FTE

Total - Alternative #1 Nongame Budget

»

1 /  CiriecK-oi^

Z J  Act-

General Fund 
FTE

Cash Funds 
FTE

Federal Funds 
FTE

Total
FTE

General Cash
Fund Funds i /

146,419
(7.0)

100,000 37,803

80,184 
(3.0)

27,340
( 1 . 0)
4 , 704 
(-5) 
4,704 
(-5) 
12,586 
(1.0) 
7,772 
(.25) 
2,400 
(.16) 
3,850 
(.25)

$246,419 
(7.0) 
181,343 
(6.66) 

275,572 
(16.0)

$703,334
(29.66)

Federal
Funds

275,572
(16.0)



Don A lle y
N W Montana Chapter 
c /o  810  3rd  Ave East 
K a lis p e ll,  MT 59901 
4 0 6 -7 5 5 -7 3 1 7

Robert J. Behnke
Departm ent o f F is h e r ie s  and W ild l if e  B io logy  
Co lorado S ta te  U n iv e rs ity  
Fo rt C o llin s ,  Co lorado 80523

Dear Dr. Behnke,
I am sending you a copy o f the d ra ft  Upper F la thead  System  Management 

P lan, In the hope th a t you w i l l  f in d  It w o rth w h ile  to  com m ent on the p ro 
po sa ls  It con ta ins. A s  you probab ly know, th is  system  Is a s trongho ld  fo r  
an e s s e n t ia lly  pure s t ra in  o f W ests lope  C u tth roa t tro u t and bu ll tro u t 
char.

F ir s t ,  le t  me g ive  you a l i t t l e  background on the s itu a t io n  and on our 
ch ap te r ’s pos ition . A  number o f fa c to rs  have re su lte d  In the lo s s  o f the 
s y s te m ’s popu lar kokanee sa lm on fish e ry . S o c ia l and p o l i t ic a l p re ssu re s  
have convinced  the s ta te  and t r ib a l a u th o r it ie s  to  make some e f fo r t  to re 
s to re  the kokanee fish e ry . I have a lw a y s  f e lt  th a t the kokanee d id  not be
long In the F la thead  and I fe e l tha t e f fo r t s  to  re s to re  th is  f is h e ry  are un
w is e  (a t le a s t In te rm s  o f eco logy, as opposed to  p o lit ic s ) .  However, the 
p o li t ic a l s itu a t io n  is  such tha t a ttem p ts  to  re s to re  kokanee are Inev itab le . 
In any event, these  a ttem p ts  are ve ry  l ik e ly  to fa il.  Our chap te r had the re 
fo re  decided not to  oppose a ttem p ts  to  re s to re  kokanee when te s t ify in g  a t 
p ub lic  m eetings e a r l ie r  th is  year.

It Is in the area o f cu tth ro a t management tha t we are m ost concerned 
and w ou ld  lik e  m ost to d ire c t  your a tten tion . In ve stig a tion  o f management 
o f these  f is h  in  sou theaste rn  B r it is h  Co lum b ia and the w ild e rn e s s  w a te rs  
o f the South Fork o f the F la thead  suggests  to  us th a t the p resen t 5 f is h  
l im it s  now In e f fe c t  on the upper F la thead  system  w i l l  not p ro te c t the 
f is h  from  overharvest. F is h e r ie s  b io lo g is ts  share  our concern  tha t the lo s s  
o f the e x trem e ly  popu lar kokanee f is h e ry  w i l l  re s u lt  in  many fishe rm en  
s h if t in g  th e ir  a tten t io n  to cu tth roa t. We b e lie ve  tha t the proper response

Founded in 1959... Over twenty years of trout and salmon conservation 
Washington, D.C. Headquarters • 118 Park Street, S.E. • Vienna, Virginia 22180 « (703) 281-1100



o f our f is h e r ie s  m anagers is  to  lo w e r l im it s  on the cu tth ro a t and take  a 
leade rsh ip  p o s it io n  in educating  the pub lic  tha t the fu tu re  o f th is  w ild  na
t iv e  tro u t is  la rg e ly  dependent on nonconsum ptive use as opposed to  the 
kokanee f is h e ry  type o f high ha rvest, consum ptive  use. However, as ex
p la ined  in  the plan, f is h e r ie s  m anagers fe e l tha t they can manage cu t
th roa t as a p a r t ia l rep lacem en t fo r  kokanee and in c rease  the harvest. T h is  
w i l l  be accom p lished  by adding a m il l io n  hatchery f is h  a yea r to  the s y s 
tem.

We question  the w isdom  o f adding hatchery f is h  to  a w ild  popu la tion  in 
o rder to  m eet the demands o f some fish e rm en  to  ha rve st more f is h  than a 
w ild  f is h e ry  can su sta in . We a lso  have doubts about the long term  gene tic  
in te g r ity  o f the hatchery  broodstock. We are not conv inced  tha t enough is  
known about m a in ta in in g  hatchery  s to c k s  o f g e n e t ic a lly  pure n a tiv e  f ish , 
as opposed to  dom estica ted  hybrids, to  ensure th a t the gene tic  in te g r ity  
o f the n a tive  w ild  f is h  is  not endangered. Furtherm ore, we wonder i f  the 
cu tth ro a t o f th is  la rge  system  can be conside red  as a s in g le  gene tic  e n t i
ty. Is a f is h  tha t leaves the lake in Decem ber to  e ven tu a lly  spaw n in one 
fo rk  the same as one th a t leaves the lake  in March to spaw n in another 
fo rk ?  A re  they both id e n t ic a l to  the hatchery  b roodstock  derived  from  f is h  
n a tive  to  the t r ib u ta r ie s  o f Hungry Horse R e se rvo ir?

By supp lem enting  natu ra l rep roduction  w ith  ha tchery  f is h  to  reach a 
management goal o f an in crease  in  harvest, m anagers assum e tha t the 
ha rve st w i l l  in c lude  the hatchery  fish . However, experience  in  nearby 
Swan Lake, w here an e s t im a ted  175 f is h  w ere  harvested  out o f a p lan t o f 
100,000, ra is e  concerns tha t f ish e rm en  w i l l  fo cu s  on known seasona l 
con cen tra t ion s  o f w ild  tro u t, the hatchery  f is h  may not su rv iv e  o r may 
behave in such a w ay as to  avo id  harvest, and the in creased  ha rve st w i l l  
o ccu r la rg e ly , o r e n t ire ly , a t the expense o f w ild  f ish .

In genera l, we fe a r tha t the concept o f p lan ting  hatchery  f is h  in  o rder 
to  m a in ta in  in c re a s in g  le v e ls  o f h a rve st w i l l  re s u lt  in  la rg e r p la n ts  as 
f is h in g  p ressu re  in c re a se s  over the years. We fe a r tha t e ven tu a lly  our 
w ild  and na tive  f is h  w i l l  be overw he lm ed by a ha tchery  f is h  o f dubious ge
ne tics .

If you have the t im e  and the in te re s t  we w ould  app re c ia te  i t  i f  you 
w ou ld  com m ent on the enc losed  p lan  befo re  Nov. 1, 1988. The address to  
send com m ents is  Montana Departm ent o f F ish , W ild life ,  & Pa rks, P.O. Box 
67, K a lis p e ll MT 59901. A  copy sen t to me w ould  be appreciated .

Thank you,
cc: Pam M cC le lland
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Region One - Box 67 
Kali spell,.-Ml 59903 
(¿*06) 752-5501 
Ref: JV73.89 
October 27, 1988

Dr. Robb Leary 
Genetics Lab 
Dept, of Zoology 
University of Montana 
Missoula, MT 59812

Dear Robb:

The Department and the Confederated Salish and Kootenai Tribe have been 
attempting to develop a fisheries co-management plan for the Flathead Lake/River 
system. Tne plan would establish objectives and strategies for managing the major 
gamefish populations in the system. One proposed strategy, based on public demano 
dur ing the scoping process, would be to implement the stocking of one mi 11 ion. ¿*-6“ 
westslope cutthroat on an annual basis. The objective would be to replace 
recruitment lost to the construction of hydroelectric dams as well as to provide 
new fishing opportunities to compensate for the decline in the kokanee population.

The local Trout Unlimited Chapter is concerned about the genetic implications 
of hatchery augmentations. They requested an opinion from Dr. Behnke (enclosed). 
Dr. Behnke also expressed concerns about the genetic implications of this 
strategy. Since you are probably the person most knowledgeable in the
distribution of genetic subpopulations in the Flathead as well as the genetic 
make-up of our current westslope cutthroat broodstock, I would appreciate your 
opinion on this strategy. Please keep in mind that the plants are proposed only 
for Flathead Lake and not for tne South Fork above Hungry Horse Dam.

I appreciate any time you can give this matter. Ule hope to finalize the plan 
in January so a reply before then would be appreciated.

Best regards,

Regional Fisheries Manager

/b j
c : Don Alley

Dr. Leo Marne11 
Dr. Robert Behnke
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October 17, 1988

fjWvU (,r

Department of Fishery and 
Wildlife Biology 

Fort Collins, Colorado 80523

sMontana Department of Fish 
Wildlife, and Parks r- .. „

P. 0. Box 67 
K alispell, MT 59901

Gentlemen:

Comments on Upper Flathead Fisheries Management Pan:

T r

maintaining remaining natural intraspeciTic u j

The plan proposes to stock large numbers
under the assumption that a significant number of the stocked tisn win 
survive, grow, and enter the fishery to maintain certain catch 
objectives.

if the drastic decline in kokanee is the result of reproductive failure, 
then such a plan should be successful ^ ' ^ ^ " ^ " J ^ c r u i t m e n t
optimum with an abundant food supply, ^ . stockinq of hatchery
is responsible for the decline of adult fish, and stocking ot
fish  would overcome this problem). I doubt, however, . r
ca e The present lim itations on reproduction have been in e ffect I 
believe, for about 30 years, yet kokanee abundance remained gh 
record spawning run occurred as recently as 1985.
1986 and 1987 evidently coincided with rapid increase in y | _  
lakP Unless the conditions that must have caused virtually  100%

previous year-class failures?

In Lake Pend O reille, which also suffered a dramatic decline in I 
kokanee after Mysis became established, the epilimmon warms to about 18 
in Julv and MvstTwill not enter the surface waters. Under these

there anv idea of what food organisms would be available and r n ^ m z  , 
miantities for the millions of kokanee planned to be stocked, especially 
2Ï the time of stock ng? Most kokanee fisheries are dependent on a 
! L 3 !  species of Oaphiia (which is also the preferred food of 
Based on my understanding of kokanee and of kokanee-£ysis interactions, 
see 1ittle chance of success for the management option of stocki g 
millions of kokanee in Flathead Lake.
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My concerns on the cutthroat trout management option #haye a simiUr basis 
as with the kokanee. Is natural reproduction the major limiting 
controlling cutthroat abundance, or is their abundance more limited by 
food ava ilab ility  and interactions (competition and predation) with non 
native species? I see nothing in the management plan that bears on this 
cr itica l question. Considering past failures to increase Ŝ _ £v 
abundance by stocking massive numbers of hatchery fish in Targe lakes in 
Idaho, what might be different about Flathead Lake that would suggest any 
hope for success?
A more important matter, however, concerns the maintenance Of the geinetje 
integrity of the native Flathead cutthroat trout. Based on what is known 
of cutthroat trout in other large lakes, i t  can be assumed that the 
cuthroat trout native to Flathead Lake is not a homogeneous en tity , but 
is made up of separate populations that spawn in different tributaries. 
What is known about the spawning runs that leave the lake - 
run, area and time of spawning, l i f e  history characterizations. I 
suspect that some of the original diversity in populations was lost-when 
Hungry Horse Dam blocked the South Fork. How many d istin ct populations 
remain? This information should be basic to any management plan. The 
danqer of loss of discrete populations by homogenization induced by 
stocking massive numbers of one genotype of hatchery cutthroat leads me 
to reject this option as a r ea lis t ic  management strategy.

Sincerely,

_ >ert J. Behnke 
Professor, Fishery Biology

RJB/kc

cc: Mr. Don Alley 
Dr. Leo Marnell
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Gentlemen:

Comments on Upper Flathead Fisheries Management Pan:

I was asked to review and comment on this plan by the Northwest Montana 
Chapter of Trout Unlimited. My comments concern two aspects:
(1) probability of useless and wasteful stocking and (2) concern for 
maintaining remaining natural intraspecific diversity of cutthroat trout.

The plan proposes to stock large numbers of kokanee and cutthroat trout 
under the assumption that a sign ificant number of the stocked fish w ill 
survive, grow, and enter the fishery to maintain certain catch 
objectives.

If the drastic decline in kokanee is the result of reproductive fa ilu re , 
then such a plan should be successful ( i f  the lake environment is  near 
optimum with an abundant food supply, then only the lack of recruitment 
is  responsible for the decline of adult f ish , and stocking of hatchery 
fish  would overcome th is problem). I doubt, however, that th is is the 
case. The present lim itations on reproduction have been in e ffe c t , I 
believe, for about 30 years, yet kokanee abundance remained high — a 
record spawning run occurred as recently as 1985. The drastic decline in 
1986 and 1987 evidently coincided with rapid increase in Mysis in the 
lake. Unless the conditions that must have caused virtually  100% 
mortality in the juveniles produced by the 1981 and later spawning runs 
(which were the f ir s t  year-classes exposed to Mysis competition) have 
changed, what resu lts can be expected from stocking m illions of hatchery 
kokanee in the lake and exposing them to the same conditions that caused 
previous year-class failures?

In Lake Pend O reille , which also suffered a dramatic decline in its  
kokanee after Mysis became established, the epilimnion warms to about 18 
in July and Mysrs w ill not enter the surface waters. Under these 
conditions, Daphnia greatly increase in abundance during summer months, 
and the stocking of hatchery kokanee appears to be a viable management 
option. If some such strategy is intended for Flathead Lake, i t  is not 
apparent in the management plan. Is the rela tive  abundance of Daphnia 
known on a monthly basis for Flathead for the past several y e a r s ? I s  
there any idea of what food organisms would be available and in what 
quantities for the m illions of kokanee planned to be stocked, especially  
at the time of stocking? Most kokanee fish eries are dependent on a 
single species of Daphnia (which is also the preferred food of Mysis). 
Based on my understanding of kokanee and of kokanee-Mysis interactions, I 
see l i t t l e  chance of success for the management option of stocking 
millions of kokanee in Flathead Lake.
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My concerns on the cutthroat trout management option have a similar basis 
as with the kokanee. Is natural reproduction the major lim iting factor 
controlling cutthroat abundance, or is their abundance more limited by 
food ava ilab ility  and interactions (competition and predation) with non
native species? I see nothing in the management plan that bears on this 
c r it ic a l question. Considering past fa ilures to increase S. c. lewisi 
abundance by stocking massive numbers of hatchery fish  in Targe lakes in 
Idaho, what might be different about Flathead Lake that would suggest any 
hope for success?

A more important matter, however, concerns the maintenance of the genetic 
integrity of the native Flathead cutthroat trout. Based on what is known 
of cutthroat trout in other large lakes, i t  can be assumed that the 
cuthroat trout native to Flathead Lake is  not a homogeneous en tity , but 
is  made up of separate populations that spawn in different tributaries. 
What is known about the spawning runs that leave the lake —  time of the 
run, area and time of spawning, l i f e  history characterizations? I 
suspect that some of the original diversity in populations was lost when 
Hungry Horse Dam blocked the South Fork. How many d istin ct populations 
remain? This information should be basic to any management plan. The 
danger of loss of discrete populations by homogenization induced by 
stocking massive numbers of one genotype of hatchery cutthroat leads me 
to reject th is option as a r ea lis t ic  management strategy.

Sincerely,

Rooert J. Behnke '  
Professor, Fishery Biology

RJB/kc

cc: Mr. Don Alley 
Dr. Leo Marne!1


