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Professional Engineers for Industrial Design and Engineering ■
TYROL WEST BLDG. • 1500 S. LILAC DRIVE • MINNEAPOLIS, M N 55416 • 612/545-6224

June 4, 1984

Dr, Robert Behnke 
3429 E. Prospect Street 
Fort Collins, CO 80525
Dear Dr. Behnke:
As we discussed by telephone, enclosed for your use is a copy of 
the information provided to me by the Bureau of Reclamation on the 
Gunnison River fishery.
Please give me a call if you have any questions. I look forward to 
receiving your report.

Very truly yours

BMJ :mn
Enclosure

Subsidiary o f Johnson Bros. Corporation



United States Department of the Interior
O BUREAU OF RECLAMATION

UPPER COLORADO REGION
GRAND JUNCTION PROJECTS OFFICE

764 HORIZON DRIVE
GRAND JUNCTION, COLORADO 81501

IN REPLY
REFERTO: GJ-150
120.1
Uncompahgre Project

MAY 3 0 1984
Hr. Blaine Johnson 
Indeco
351 Tyrol W. Building >
1500 S. Lilac Drive 
Minneapolis, Minnesota 55416
Dear Mr. Johnson: :

In accordance with your telephone request of May 8 to Steve McCall of my staff, 
we have enclosed the following environmental information on the Gunnison River 
to assist you in evaluating impacts of hydropower development on the Uncom
pahgre Project’s South Canal. The information includes:

1. Tables showing "weighted useable area" of adult rainbow trout habitat 
at various flows for winter and summer.

2. Graphs showing habitat, wetted perimeter, etc., at various flows.
3. Simulated historic flow table of the Gunnison River (assuming opera

tion Of Crystal Dam over 1952-1980 water year).

4. Draft description of existing fishery and chapter from Federal Aid 
Reports on the Gunnison River.

One significant finding of our studies is that substantial fishery habitat 
losses occur when flows drop from 300 to 200 cfs in the river downstream from 
the Gunnison Tunnel. In terms of hydropower development on the South Canal, 
bypasses of a minimum of 300 cfs past the tunnel in the non-irrigation season 
would be much more acceptable than 200 cfs.

We are enclosing a bill for collection of $17.00 for search time and copying 
fees.t- If you have any further questions, please contact this office.

Sincerely yours,

J. F. Rinckel
Projects Manager

Enclosures

cc: Regional Director, Salt Lake City, Utah 
Attention: UC-150, UC-400, UC-600 

(w/enclosures)
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Job 1. Fish Flow Investigations by R. B. Nehring and 
R. Anderson

Job 3. Special Regulations Evaluations by R. B. Nehring 
and R• Anderson

Job 4. Wild Trout Introduction by R. A. Anderson
Job 5. Arkansas River Aquatic Invertebrate Investigations 

by R. Anderson and D. Winters
Job 6. Colorado River Aquatic Invertebrate Investigations 

by R, B« Nehring

Jack R. Grieb, Director 
Federal Aid in Fish and Wildlife Restoration 

Job Progress Report
F-51-R

Colorado Division of Wildlife 
Fish Research Section 
Fort Collins, Colorado

July 1983
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Gunnison River

Electroshocking studies on the Gunnison River began in the summer of 
1981. Population estimates were completed on three sections of the 
river during 1982. The uppermost was. a 3.2 km (.2 miles) section 
located between the Duncan and Ute trails access points on the west 
rim of the Black Canyon. The mid-section that was surveyed is 6.4 km 
(4 miles) long and takes in that portion of the river 0.4 km upstream 
from the Smith Fork confluence downstream to the North Fork of the 
Gunnison confluence. The lowermost section runs from the North Fork 
confluence 13.4 km (8.3 miles) downstream near the village of Austin.
The Gunnison River in the upper two sections (Duncan-Ute and Smith Fork- 
North Fork) falls in a regular stairstep fashion (pool-riffle-pool-riffle) 
dbwn the canyon. The lower section (North Fork-Austin) has a much' 
lower gradient with some pools running from 0.4 to 0.8 krii in length.
These pool sections are broken up by riffles and deep runs that a|re 
up to 0.4 km in length. Heavy irrigation returns degrade the river 
with high silt loads and increased water temperatures from the North 
Fork of the Gunnison valley. This undoubtedly has a profound impact 
on the aquatic-ecology of the Gunnison River.

Until October 1981, the standard statewide angling regulations (8 trout/ 
day and no terminal tackle restrictions) were in effect on the Gunnison 
River. However, the Wildlife Commission was receiving numerous reports 
of many overlimit catches and other problems from concerned anglers.
As a result or these reports and the results of our 1981 electroshocking 
studies, the Wildlife Commission implemented a complex regulation on 
42 km of the Gunnison River in the Black Canyon in October 1981. The 

limit was reduced from 8 trout/day to 4, with all trout between 
12 to 16 inches being returned to the water. Only one of four trout 
could be over 16 inches and terminal tackle was restricted to artificial 
flies and lures only. This regulation will remain in effect at least 
through 1984 while we evaluate angler impacts on the trout population.
We were most concerned about the impacts of overharvest on the trout 
population in the Smith Fork to North Fork sections of the Gunnison 
River. This was the area that was receiving the heaviest fishing 
pressure. A creel census conducted in 1977 by W. Wiltzius (1978) 
revealed more than 5,000 hours of angling effort on this 6.4 km section 
of river. Our survey of the same area in 1982 revealed more than 
17,000 hours of angling effort, 3.25 times as much pressure as was 
observed in 1977. Details of the creel census for 1982 and the com
parison with the 1977 creel census can be found in Appendix V, Tables V-l through V-9.

Total angling effort on the 42 km section of river was estimated at 
more than 51,000 hours from May through September 1982. Total catch 
was estimated at 57,400 trout. We estimated a catch of 31,800 (55.4%) 
rainbow and 24,900 (43.3%) brown trout, with a harvest (trout kept) 
of 10,100 (58%) rainbow and 7,300 (42%) brown trout.
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These statistics indicate that the regulations imposed in October 1981 
are having the intended impact, i.e., recycling the trout. The creel 
survey in 1982 indicated 68% of all rainbow and 71% of all brown trout 
9?Uf£ w®r\ reJeased* We estimated the rainbow exploitation rate at 
22.2% and the brown exploitation rate at 14.5%. Exploitation rate is aerined as:

Exploitation rate (%) = -------- Angler harvest_______
Angler harvest + population estimate ^ 1004

Kie creel census used was the postcard method previously described by 
Nehrxng and Anderson (1981). Vehicle counts were made twice daily on 
f S  s e le c te d  weekdays and one weekend day each week. Thus,
40% of all weekdays, 50% of all weekend days, and 100% of all holidays 
were censused. Access to the river is by a paved road at the upper end 
jS S S i f t Dfm Access Road), an improved gravel road at the lower end

w k Accfss Area> and f°ur steep trails (Chukar, Bobcat, Duncan, 
and Ute) from the west side of the canyon across BLM land. Due to the 
xffxculty of access and the time required to hike down and along trails 
xn the canyon, we determined that two vehicle counts per day resulted 
xn a near 100% count for each count day. A total of 1,060 postcard 
census forms were put out, 402 were returned, for a 37.9% return. This 
return rate was similar to return rates for the same method on the
Arkansas, Fryingpan, and South Platte rivers in 1980 and 1981 (Nehring and Anderson 1981, 1982)* *

Angler catch-per-man-hour (CPMH) averaged 1.12 over the 1982 season with 
e rain ow CPMH averaging 0.62 and the brown CPMH averaged 0.49. Total 

catch xn 1977 was estimated at 14,345 trout. Total catch in 1982 was 
estimated at 57,363 trout, four times the estimated catch in 1977.
The results of our population surveys in 1981 and 1982 indicate the 
regulations imposed appear to be having a positive impact on the trout 
population^ especially on the Smith Fork-North Fork Section. While
a loaf61 °.f  rainbows <> 15 c®> decreased from 7,092 in 1981 to
• 1009 1982, rainb°ws >_ 30 cm increased from 489 in 1981 to 1,189 
xn . Numbers of rainbows 40 cm remained approximately the same.
The large increase in the number of rainbow between 30 cm (12 inches) 
and 40 cm (16 xnches) was undoubtedly due to the impact of the regulation 
on angler harvest in that size class.

Brown trout numbers increased from 2,297 to 3,857 between 1981 and 1982 
xn the Smith Fork-North Fork Section of the river. Browns > 30 cm also 
increased from 323 to 563 between 1981 and 1982. Numbers of brown trout 
—  cm remained about the same between years. We hope to see some
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^nJriQR?ent«Ín the numbers of brown trout and rainbow trout > 40 cm in 1983
POSSiUe theSe " Sh ”il1 b* '“»°in”ally1983

that brown trout > 30 a. d e c r e a s e d ^  1 , 9 M “ ” 36.'
numbera >ncreas*d 11.8% and total brown numbers decreased by S ?  ?

lsev « y “fasíate|!0- h°th ralnbou “ d br<=™ trout In tho Gunnison River is verYfast. Rainbows average 35-39 cm and browns 41-44 cm in length
species in ¿ S p S  c ^ f T '  "alntain “ « U e n t  numbers of bothspecies m  the 40 cm to 50 cm and larger size classes.

tllúefln1^ 8 Í“" the n“mberS °f quallty Slze trout that can be maln- «r Í Gunnison River will probably be controlled more bv the
stability orwater flows out of Crystal Dam than any other single factor
into operatloiT Soíe remarkabiy stabla *4*« 1977 when Crystal Dam went’\pi 2 á fSr1 * spring or lyoz, severe short-term
S r f f i i S  Í °CbUrred betwaan A',ril 15 a»«1 April 25. This was right
at about 1 Íóolt’/ T ” 1”8 a”? lncubaclon period. Flows were stable the Channel a f Í  c UP until April 15. This flow cbmpletely fills
forcing S  • ?lgh Water ^locities occur all across the chaLel
ranidlv Í rainbows to  spawn close to the bank. Flows decreased
(see llbíeTrfor^Pt V ?  dropped to 105 ft3/sec on April 202 2  Ik i t d e t a i l s ) .  011 APrll 24, dozens of dry rainbow redds
trails Sewleh ln#-Hhe-Seat;L̂ n °f the river betwe^n the Duncan and Ute troli f that the entire 1982 year class of rainbow
1982 ylar class ^  °f the brOWn trout for the7 7  yea!.class' Examination of the histograms for the Gunnison River
rainbow^and h1* that these expectations were realized. Both

to 1981 ÍabíHs °Ut r e c ru i tm e n t were negligible for 1982 compared • u * able 15 presents actual numbers of young-of-the-year (YOY) 
rainbow and brown trout sampled in 1981 and 1982 during the^lectro-
1982khng SUrVeyS* These numbers indicate a loss of about 88% of the

lis!* 333 andK95% f  the 1982 rainbow year class, when using the 1981 year as a base level for recruitment.

An incrementa! analysis of the Gunnison River flows was completed on
BaseíUonathete W t  SeCtÍ°n °f * *  river in early November 1982. :
of flow«! IÍ IeSUltf’ We Wl11 be making recommendations for a range 
u L o i Z L thrSUf?°Ut the year to the Bureau of Reclamation and the

Valley Water Users Association. This subject is dealt with the detail under Job 1, within this report.
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Table 14.
s the Gunnison River beiou th* «“ **«

Date Maximum Minimum
4/1 - 4/15 1,200 1,2104/16 620 6084/17 608 : 338
4/18 — 3384/19 —  ! 3394/20 338 1054/21 2 1 3 ; 1904/22 207 190
4/23 310 ' 2064/24 300 214
4/25 214

Table 15. Youag-off-the-year (YOY) rainbow and brown trout 
the Gunnison River in 1981 and 1982. sampled in

1981 1982Brown Rainbow Brown - Rainbow
Duncan-Ute 179 125 29 11

2

North Fork- 
Smith Fork 239 138 24



GUNNISON RIVER T R O U T  P O P U LA TIO N S

Figure 11-15.
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Table V-l. Creel census results from the Gunnison Canyon, May - September 1982,

Statistic
East

Portal
Est. S.E.

FM hours 16,979
Total catch 11,008
Creel catch 2,952
Rainbow catch 6,567
Rainbow creeled 1,754
Brown catch 4,324
Brown creeled 1,187
Total CPMH o!65
Rainbow CPMH 0.39
Brown CPMH 0.26

1,245
1,889
554

1,469
359
900
406

Chukar
Trail

Est.

7,429
12,897
1,957
6,891
1,030
5,972
897

1.63
0.87
0.75

Bobcat
Trail

842
2,821
394

1,787
298

1,317
176

1,570
2,364
920
838
249

1,501
646

1.51
0.53
0.96

355
970
306
426
82

593
227

S.E. Est. S.E.
Duncan
Trail Ute

Est. S.E. Est. S.E.

4,172 728 3,391 4825,810 902 5,160 1,2162,124 299 1,768 4532,529 713 3,078 550710.. 189 -1,106 3543,034 432 2,083 7761,167 261 662 2141.39 1.52
0.61 .... . 0.91
0.73 0.61

North Fork 
to Smith Fork 
Est. S.E.

17,087 
20,124 
• 7,992 
11,946 
5,276 
8,020  
2,716 
1.18 
0.70 
0.47

1,386
3,396
2,007
1,978
1,706
2,073
1,168

'vjLn
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Table V-2. Comparison of creel census statistics from April 16 
October 11, 1977 vs May - September 1982 for the 
Black Canyon of the Gunnison,

1977 est. 1982 est.

FM hours - 22,079 51,128
Total catch 14,345 57,363
Creel catch 17,713
Rainbow catch 11,634 31,849
Rainbow creeled 10,125
Brown catch 2,529 24,934
Brown creeled 7,275
Total CPMH 0.65 1 . 1 2
Rainbow CPMH 0.53 0.62
Brown CPMH 0,12 0.49

/



Table V-4. Creel census of the Black Canyon of the Gunnison River, Hay - September 1982, Crystal 
and East Portal access area*

Statistic
May June July August September Totals

Mean S.E. Mean S.E. Mean' S.E. 1 ' Mean S.E. Mean S.E. Mean

FM - hours 5282 898 2516 332 4059 552 3465 413 1656 398 16978
Total catch 2490 1053 739 388 3211 786 2086 712 2493 1089 11009
Creel catch 802 281 241 170 1138 386 306 135 464 178 2951
Rainbow catch 2299 990 500 341 1000 181 1395 458 1374 905 6568
Rainbow creeled 622 220 241 170 362 110 253 115 277 163 1755
Brown catch 180 72 240 159 2115 701 680 294 1109 449 4325
Brown creeled 4 170 71 0 0 777 384 53 34 187 106 1187
Total CPMH 0.47 0.29 0.79 0.60 1.50 0.65
Rainbow CPMH . 0.44 . 0.20 0.25 0.40 0.83 0.39
Brown CPMH 0.03 0.09 0.52 0.20 0.67 0.26 178
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Table V-5.
Iran access. W  BUCk Cany0” °f the <5um,Ison River, May -  September 1982, Chukar

Statistic

FM hours 
Total catch 
Creel catch 
Rainbow catch 
Rainbow creeled 
Brown catch 
Brown creeled 
Total CPMH 
Rainbow CPMH 
Brown CPMH

May
Mean S.E.

2067 424
1558 547
567 179
969 480
249 87
555 151
288 118

0.75
0.47
0.27

June
Mean S.E.

1338 538
409 199
136 77
176 105
57 45

233 121
79 39

0.31
0.13
0.17

___JuJ-y
Mean S.E. “

1356 268
4828 1182
271 98

2272 830
102 22

2556 757
169 77

3.56
1.68
1.88

August 
Mean S.E.

2385 349
4224 2022
638 146

2577 1352
368 175

1647 680
270 66

1.77
1.08
0.69

... September Totals 
Mean S.E. Mean

783 214 79291878 1460 12897345 294 1957897 660 6891254 219 1030981 814 5972
91 74 8972.40 1.631.15 0.871.25 0.75



Table V-6# Creel census of the Black Canyon of the Gunnison River, May - September 1982, Bobcat Trail access.

Statistic

FM hours 
Total catch 
Creel catch 
Rainbow catch 
Rainbow creeled 
Brown catch 
Brown creeled 
Total CPMH 
Rainbow CPMH 
Brown CPMH

May
Mean S.E.

June
Mean S.E.

July
Mean S.E.

August September
Mean S.E. Mean

___ Totals
S.E. Mean

130 1570
763 2364
230 920
324 839
52 249

439 1502
178 646

1.51 
0.53 
0.96

180



Table V-7. Creel census of the Black Canyon of 
Trail access area. the Gunnison River, May - September 1982, Duncan

Statistic
r.Hay,,,, JuneMean S.E. Mean S.E. Mean

July
S.E.

August
Mean - September Totals

S.E. Mean S.E. Mean
FM hours 1316 589Total catch 1005 226Creel catch 435 203
Rainbow catch 565 156Rainbow creeled 319 159Brown catch 440 154Brown creeled 116 50Total CPMH 0.76
Rainbow CPMH 0.43
Brown CPMH 0.33

942 283 604 140601 80 1167 601497 48 228 34108 108 722 61640 40 52 37246 189 445 65
211 178 176 190.64 \ 1.93

0 .11 1.20
0.26 0.73

789 239
1079 135
348 55
501 84
171 40
578 95
177 30

1.37
0.63
0.73

520 163 4171
1959 614 5811
616 204 2124
633 293 2529128 76 710

1326 '338 3035
488 181 1168
3.77 1.39
1 .22 0.61
2.55 0.73



UteTable V-8. Creel census of the Black Canyon of the Gunnison River, May - September 1982 
Trail access area.

Statistics
May June ..July August September TotalsMean S.E. Mean S.E. Mean S.E. Mean S.E. Mean S.E. Mean

FM hours 1264 229 804 273 516 214 487 200 320 139 3391Total catch 1151 670 977 489 2003 638 173 123 857 608 5160Creel catch 451 291 342 246 695 215 115 97 166 62 1769Rainbow catch 732 483 790 426 1010 51 42 26 503 381 3077Rainbow creeled 232 117 300 209 499 259 15 15 61 32 1107Brown catch 419 226 187 107 992 688 131 98 354 235 2083Brown creeled 219 183 42 38 196 44 101 82 105 48 663Total CPMH 0.91 1 .2 2 3.88 0.36 2.68 1 52Rainbow CPMH 0.58 0.98 1.96 0.09 1.57 0.91Brown CPMH 0.33 0.23 1.92 0.27 1 . 1 1 0.61



Table V-9.
Fork1,“ "?"3 °f ^  BUCk Cany°n °f the Gunnlso” « Y « *  May - Sapterobar 1982, north

Statistic Mean
May June

S.E. Mean

FM hours 2044 
Total catch 2015 
Creel,catch 1898 
Rainbow catch 288 
Rainbow creeled 288 
Brown catch 1728 
Brown creeled 1611 
Total CPMH 0.99 
Rainbow CPMH 0.14 
Brown CPMH 0.85

S.E. MeanJul y
S.E.

5219
9748
3880
6996
3325
2751
555

1.87
1.34
0.63

689
2247
1485'
1562
1519
1326
197

August
Mean S.E.

5706
6806
1256
3556
1059
3092
196

1.19
0.62
0.54

September
Mean S.E.

Totals
Mean

17087
20124
7992

11946
5275
8021
2717
1.18
0.70
0.47

183
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GUNNISON RIVER SPORT FISH POPULATION EVALUATION AND FISHERMAN 
USE AND CATCH STUDY FROM THE EAST PORTAL ACCESS AREA BELOW 
CRYSTAL DAM TO THE NORTH FORK CONFLUENCE.

INTRODUCTION

H is to rica l Background

The Gunnison River has had a fabled and co lo rfu l h is to ry  throughout the 20th 

century. In 1907 the Redlands Power and Diversion Dam f i r s t  interrupted the fre e -  

flowing Gunnison ju s t upstream from Grand Junction. In 1910 the Gunnison Tunnel 
was completed and i t  became possible to d ivert much of the summer flow from the 

Gunnison into the Uncompahgre Valley. For the f i r s t - h a l f  o f the 20th century the 

Gunnison River in the Gunnison-Sapinero reach was considered the best trou t stream 
in the e n tire  United States according to a research committee of the National 
Geographic Society (Colorado Conservation Comments, 1946). However, that a ll  end
ed when that area o f the fabled Gunnison was inundated by Blue Mesa and Morrow 
Point Reservoirs in the la te  1960s.

By the dawn of the 1970s i t  became clear that the ecology of middle section 
of the Gunnison River (from the Gunnison Tunnel to the North Fork of the Gunnison 

River) was changing rap id ly  due to the impacts of Blue Mesa aod Morrow Point res
ervo irs . What was once the haven o f rough fish  from the catostomid and cyprinid  

fam ilies  was becoming a budding trout fishery . (W iltz ius  1978). By the la te  

1970s th is  section of Gunnison had blossomed in to  a fu l l  blown trophy trout f is h 
ery with rainbow and brown trou t in the 18" to 24" size range being caught on a 

d a ily  basis. By the advent o f.th e  1980's th is lo c a lly  renowned fishery  was re
ceiving regional and national recognition. Many a r tic le s  acclaiming the reb irth  

of the Gunnison have appeared in both regional and national magazines and news
papers. A rtic le s  have appeared in Trout, Outdoor L ife , and Fly Fisherman magazines 
as well as the Grand Junction D aily Sentinel, Denver Post, Rocky Mountain News, 
and the Colorado Springs Gazette Telegraph since 1981, ju s t to name a few. The ‘ 
reborn Gunnison is  c le a rly  receiving national recognition once again.

DESCRIPTION OF THE STUDY AREA

The study area is  bounded a t the upstream end by Crystal Dam and the Gunnison 

Tunnel weir and the downstream end at the confluence of the North Fork and main- 
stem of the Gunnison riv e rs . The en tire  section is approximately 27 miles (43.5  
km) long.

Two sections of r iv e r  w ithin th is  area have been the subject o f e le c tro fis h -
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ing studies commencing in 1981 up to the present. Population estimates using a 

multiple-m ark-recapture method have been completed on the Smith Fork-North Fork 
section (approximately 4 miles or 6 .5  Km) and the Ouncan-Ute t r a i l  section 
(approximately 2 miles or 3 .2 Km) fo r 1981, 1982, and 1983.

Studies of fisherman use and harvest were conducted from May 1 through 

September 30 in 1982 and 1983. Data co llection  in 1983 was possible due to a 

cooperative agreement between the Bureau of Reclamation and the Colorado Division  

of W ild life . Fisherman catch, harvest, and use patterns were studied a t six main 

access points between the Gunnison Tunnel weir and the North Fork confluence area 

in 1982 and 1983. No attempt was made to evaluate fisherman catch, harvest, and 

use patterns from the t r a i ls  o rig inatin g  within the Black Canyon of the Gunnison 

National Monument in 1982 or 1983. W iltzius (1978) in his 1977 study determined 

that the number o f anglers, angler days, and angling hours expended w ith in  the 

National Monument accounted fo r  only 3.6% to 6.7% of the to ta l use fo r  the en tire  
27 miles reach. L o g is tic a lly , i t  would not have been possible to include the 

National Monument access areas in the study and s t i l l  complete the study using 

only one vehicle and one census c le rk . W iltzius ( ib id ) also found the 1977 data 

in the National Monument unusable from a s ta tis t ic a l standpoint. For these reas
ons the National Monument anglers were not included in the study EXCEPT fo r those 
fish ing  within the National Monument from the Crystal Dam access area.

Thus the six areas censused in both 1982 and 1983 included the Crystal Dam 
access po int, the North Fork access po int, and the Bobcat, Chukar, Duncan, and 

Ute t r a i l  areas. Access from the north canyon rim downstream of the National Monu
ment is an arduous process across private land and/or d i f f ic u l t  four wheel drive
roads and the use from these points was considered neglig ib le  by both W iltzius  
and the author. <

METHODS AND MATERIALS

Trout population estimates were carried out using boat e lec tro fish in g  equip
ment. Two marking runs and a f in a l recapture run were made in each of the two 

study areas. By using a d iffe re n t mark on each run i t  was possible to derive  

two separate Peterson estimates as well as a combined estimate fo r the three runs.

The formula fo r the Peterson population estimate (N) is given in equation 1 
below:

0) V<Nj><CJtl)/R1 + 1) | ^
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Where M. = number of marked trout a t large in the population a fte r  the ith  

marking run
c = j to ta l number o f trout captured on the }th +.1 shocking run

+ 1 = number o f recaptured marked tro u t taken on the i th +1 shock.ing run

The formula fo r  the 95% confidence in terva l is  given by equation 2 below:

• (2) V  1 -9«l/ M?(ci + i)(ci * i-R, + V(Ri +i)3
The creel census procedure used to c o lle c t the angler catch, harvest, and 

use patterns was based on a modified fisherman count/interview  system described 

by Powell (1975). Since actual fisherman contacts and interviews in the Gunnison 

gorge would be very d i f f ic u l t  and expensive to acquire a voluntary mail-back 

post-card questionnaire was placed on angler vehicles a t each of the access points  

on two randomly selected weekdays and one weekend day each week from May 1 through 

September 30, 1982 and 1983. The returned questionnaires together with vehicle  

count information collected twice each day a t each of the six access points were 

used to formulate estimates o f (1 ) t o t a l ’angling hours (2 ) to ta l catch, (3 ) to ta l 
harvest and (4) to ta l catch^per-man-hour of angling (CPMH). These s ta t is 
tic s  were also compiled by species fo r rainbow and brown tro u t.

Total catch includes a ll  trou t caught, kept and released. Harvest in 
cludes only those trout kept by anglers. This d iffe re n tia tio n  allowed us to 

evaluate the numbers of trou t kept as well as those released. A facsim ile o f the 
census form used in the study in 1982/83 is shown in Figure 1 below.

Area Date
The Division of Wildlife is  conducting a survey to determine fisherman use and 
harvest in this area. Report information ONLY FOR THE AREA YOU JUST 
FINISHED FISHING. P lease take a few minutes to fill out the questionnaire 
and return it as soon as possible, EVEN if you didn't catch fish. Thanks.
1. How many people in your vehicle actually fished? _ _ _ _ _ _
2. What was the TOTAL number of hours spent fishing by all members of your

party combined in this area? .
3. How many an 

0-6 in.
Rainbow

d what i 

6-9 in.
sizes of f 

9-12 in.
ish did yoi 

12-15 in.
u all keep? 

15-18 in. 18-21 in. 21-24 in.
over 
24 in.

Brown

Other
4. How many and what s izes  of fish did you all release?

Rainbow

Brown

Other - * » 1

Figure 1. Creel census card fo r Gunnison R iver.
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The post-card questionnaire creel census method has been used successfully  
on the South P la tte , Fryingpan, and Arkansas rivers  in 1979, 1980, and 1981.
The data collected by th is  census method compares well in accuracy and preci
sion with the actual angler count/interview  system of Powell (1975) which was 
used simultaneously on those three streams.

Breaking the harvest down into trou t kept and trout released by species and 
size group allowed us to determine which groups of trout were being subjected to 
the heaviest, angling pressure.

RESULTS AND DISCUSSION

Population estimates with 95% confidence lim its , trout density and biomass 
estimates fo r the. Black, Canyon o f the Gunnison study areas (1981-1983) are 

summarized in Table _ J — in the Appendix. These studies were in it ia te d  in 1981 

a fte r  concern was-expressed by fishermen that the fishery in the Gunnison River 
was being over-exploited as a resu lt o f increasing use by anglers. This rapid 

increase in use seemed to be the resu lt o f regional and national p u b lic ity  given 
to the Black Canyon of the Gunnison by the news media.

Our population estimates completed in August 1981 d e f in ite ly  indicated that 
the more heavily used-easy access sections of the Gunnison were indeed being over- 
explo ited. Using W iltz iu s ' 1977 creel census data and our 1981 population 

estimates we were able to make an "educated guess" that angler harvest had probably 
increased about 40% to 50% between 1977 and 1981. The water release patterns 

below the Gunnison. Tunnel weir from March through September in 1977 and 1981 were 

very s im ila r. Bypass flows were in the 200-400 f t  3/sec range throughout that 
seven month period in both years, creating near ideal flows fo r anglers. Trout 
population densities in 1981 (on a un it area basis) were 71% lower in the easy 
access Smith Fork -  North Fork section as compared to the d i f f ic u l t  access 

Duncan-Ute t r a i l  section. Biomass estimates fo r the Smith Fork-North f^ork area 
were 76% lower than the Duncan-Ute t r a i l  area in 1981. Numbers of q u a lity  size  

trou t (> 35 cm or 14 inches) were 5.6 times as abundant in the d i f f ic u l t  access 

Duncan-Ute T ra il area as in the Smith Fork-North Fork section. For deta iled  in 
formation on population density and biomass estimates between the areas re fe r to 
Table 1 in the Appendix.

As a resu lt of these findings the Colorado W ild life  Commission enacted an 

emergency fish ing regulation fo r the Gunnison Gorge from Crystal Dam to the North 
Fork confluence in October 1981. This regulation reduced the bag l im it  from
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8 trout/day  to 4 trout/day. In add ition , terminal tackle was res tric ted  to f l ie s  

and lures only, and a size l im it  was imposed as w e ll. Of the 4 trout/day only 

one could be over 16" in size and a ll tro u t between 12" and 16" in size were to 
be returned to the water immediately.

This regulation was designed to (1 ) reduce overall angler harvest, (2 ) en
hance the survival o f q u a lity  size tro u t, esp ecia lly  the rainbows which were 

suffering most heavily under excessive angling harvest, and (3) protect new spawn
ing stock of rainbow and brown trou t in the 12" to 16" size range to insure
adequate reproduction and recruitment o f new age classes of trout to the popula
tio n .

Close scrutiny o f the standing crop and biomass estimates fo r 1981, 1982, 
and 1983 in Table 1 in the Appendix reveals tha t the regulation is having 

the antic ipated impacts, especia lly  on the population in the Smith Fork-North 

Fork section. In th is  area to ta l trou t numbers have increased,from 7851 in 1981 

to 13,273 in 1983. Numbers of trout/ha have increased from 393 to 664 from 1981 

to 1983. Total tro u t biomass/ha has increased from 76.3 kg/ha (1981) to 185.8 

kg/ha. Numbers o f q u a lity  size tro u t (>35 cm)/ha has increased from 28 (1981) to 
32 (1982) and 80 (1983).

Although the changes have not been as dramatic in the Duncan/Ute t r a i l  
area, nonetheless, positive benefits are taking place. Rainbow biomass has in 
creased from 110.7 kg/ha (1981) to 149.8 kg/ha (1983). Rainbow numbers have 

increased; 3,388 (1981) to 3,916 (1982) to 4,274 (1983). Numbersiof q u a lity  

size rainbow (>35 cm)/ha have increased from 87 in 1981, to 94 in 1982, and 147 
in 1983.

Brown tro u t numbers, bipmass, and number of q u a lity  size trout in the Duncan/ 
Ute t r a i l  area have been steadilydecreasing from 1981 to 1983. This is usually  

the response in situations where sympatric populations of rainbow and brown tro u t  

occur and both species are protected from over-exp lo ita tio n  by anglers. We have 

seen th is  occur on the S outh 'P latte , Fryingpan, Colorado, and Roaring Fork r ive rs  
(Nehring and Anderson 1981, 1982, 1983).
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, goals of the wild trout and gold medal tro u t management program in
e ffe c t on the Gunnison Gorge are to enhance angler success as measured by 

catch-per-man-hour (CPMH) and increase the number of q u a lity  (>35 cm to ta l 
length)size trout in the population.
Angler Harvest and Creel Census

As indicated e a r l ie r ,  creel census data v/as collected using the voluntary  

postcard method. Counts were made and postcards d is trib u ted  on two randomly 
selected weekdays and one weekend day each week between May 1 and September 30, 
1982 and 1983. Thus, 40% of a l l  weekdays and 50% of a l l  weekend days were 

censused during the study period. In 1982, 402 postcards were returned from 

a to ta l of 1060 for a 37.9% return . In 1983, 1006 postcards were put out 
and 310 were returned fo r a sample of 30.8%.

For a detailed description of the resu lts  of the angler censuses from 1977, 
1982, and¡1983, the reader is directed to Tables 2 through 6 
ih the Appendix.

The hours of angling e ffo r t  on the Gunnison Gorge fo r May-September 1983 

are unusyal.ly low. The highest discharge measured'at the Gunnison Tunnel weir 

in 1983 was 9840 ft^ /sec  on June 29th, the highest reading since June 21, 19651 

This is  the f i r s t  year since 1965 when the mean d a ily  discharge (by month) 
past the Gunnison Tunnel weir exceeded 1000 f t 3/sec ‘from May through September. 
In 1965 Blue Mesa, Morrow Point and Crystal Dams were not ye t in operation.
By using the 1977 census data of W iltzius (1978) as a baseline fo r comparison 

we can get a good indication of the profound changes in angling e ffo r t  in 1982 
and 1983.

Total hours o f  angling e ffo r t  were 22,079, 51,128 and 39,160 in 1977,
1982, and 1983, respectively . Total catch was 14,345, 57,363, and 33,723 

in 1977, 1982, and 1983, respectively. Although discharge levels were lower and 
more stable in 1977 than 1982’, the creel census s ta tis t ic s  for those two years 

are more comparable than 1977 and 1983. Discharge levels  (May-September) in 

1977 past the Gunnison Tunnel weir were among the lowest since Blue Mesa and 

Morrow Point became operational while th e -1983 releases are the highest in 20 
years. Thus, T977 and 1982 o ffe r the best comparison fo r observations of 
change without the additional problem of the vast d ifference  in discharge 

levels acting as a complicating fac to r. Total catch in 1982 was 4 times the 
1977 catch and total pressure was 2.3 times higher in 1982.

Comparison of pressure (hours) and catch s ta tis t ic s  fo r the Crystal Dam 
access area only, reveal the highest levels were in 1983. Fisherman hours
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and 'total catch s ta tis tic s  were 10,679, 16,978 , 23,628, and 7,385, 11,009, 18,952, 
respectively , fo r 1977, 1982, and 1983. I feel the higher levels in 1983 (despite  

the extremely high water leve ls ) were the re su lt of anglers being sh ifted  from the 

t r a i l  areas (Chukar, Duncan, Bobcat, and Ute) to the easy access East P o rta l,
Crystal Dam area.

Indeed, although angling e f fo r t  (hours) and to ta l catch s ta tis t ic s  fo r  
the t r a i l  areas in 1983 were 56.5% and 154% higher than in 1977, they were much 

lower than the observed levels  of 1982. Hours of e ffo r t  and to ta l catch were 54.5% 

and 68.1% lower, respectively , in 1983 when compared with 1982. This supports my 

hypothesis that anglers switched from fish ing the d i f f ic u l t  access t r a i ls  in  1982 
to the easy access East Portal area in 1983 because of the high water le v e ls .

Although the contract called fo r breakdown of the length, weight, and age 
c la s s ific a tio n  of the catch, only a length c la s s ific a tio n  of the catch is possible. 
Since a ll  of the creel census information was returned on a voluntary postcard 

(rather than a personal contact) basis i t  was not possible to c o lle c t age and 

weight data. Anglers would not be able to take scales or weigh individual fish  

in the f ie ld  with enough accuracy to make thé e f fo r t  worthwhile. However, the 

breakdown of the catch by species and three inch length groups v/as possible fo r  

both the 1982 and 1983 census periods. And a length breakdown of the catch in 

i t s e l f  gives a general ind ication of the weight and age c la s s ific a tio n  o f the catch 

since both weight and age are p o s itive ly  correlated with length. This length 

breakdown of the catch (both kept and released) by species fo r both 1982 and 1983 is 

presented in Tables 7 and 8 in the Appendix. A general discussion o f th is  
breakdown follow s.

From May through September 1982, many more trout (both rainbows and browns) 
were released than were kept a t a l l  access areas, without exception (Table 7 ) .
The converse was true for rainbows in 1983, i . e . ,  more rainbows were kept than 

were released (Table 8 ) . Two explanations for this change are possible. In 
1932 much confusion existed in the mind of the fishing pûblic as to what the "new" 
regulation was. Therefore, rather than be accidently caught with too many tro u t, 
the m ajority  of the anglers chose to release th e ir  catch than get caught with an 

il le g a l size tro u t. By 1983, with better signs, c learer boundaries, and more public 
awareness of the regulation, more anglers took home th e ir legal catch. This 
probably accounted fo r some of the "extra" harvest in 1983.

The second explanation is probably more plausible and accounted fo r a 
greater share of the increased harvest in 1983. This explanation 

has two components. The upper boundary of the special regulation area in 1983
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was changed from the Crystal Dam o u tfa ll downstream to the upstream boundary 

of the Black Canyon of the Gunnison National Monument. Thus, a bag l im it  of 
8 trou t and no terminal tackle res tric tio n s  were in e ffe c t a t most of the 

East Portal - Crystal Dam access area in 1983, undoubtedly resu lting  in  the 

greater harvest this year. Concomm’ita n t with th is was the fa c t that the 

extremely high water levels throughout the May-September 1983 time period 

prevented fishermen from crossing the Gunnison River a t  e ith er the North Fork 
(downstream boundary) or the East Portal area (near upstream boundary). This 

prevented those anglers that prefer to release th e ir  catch from even gaining 

access to the better fish  populations availab le  w ithin the inner canyon 

catch and release areas. Thus, rather than f ig h t the crowds a t the easy 

access areas, probably many catch and release advocates decided not to even 

fis h  the Gunnison Gorge in 1983.
Flow Impacts on Angler Use and Harvest

Variations in discharge levels between 1982 and 1983 had a s ig n ific a n t  

impact on angler use. The number of vehicl e trips/month into the Black Canyon 

from the south rim t r a i ls  was compared to the mean d a ily  discharge/month. 
These data are presented in Table 1 below.

Table 1. Comparison of Angler .Use (Expressed as Total Vehicle Trips/Month) a t  
the Bobcat, Chuckar, Duncao, Ute T ra ils  and Mean Daily Discharge/Month-(Ex
pressed in ft^ /s ec ) for May-September 1982-1983.

Month

1982 1983

Vehicles Discharge : Vehicles Di scharge

Hay 186 420 88 1093
June 137 759 26 3836
July ■ 120 763 29 4443
August J 127 754 109 2183
September 69 1048 139 . 1224

These data were subjected to s ta tis t ic a l analyses to determine what sort 
of a re la tionsh ip  existed between angler trips/month and mean d a ily  discharge/ 
month. The data were f it te d  to a lin e a r regression l in e , a logarithm ic curve, 
a power curve, and an exponential curve. The logarithm ic curve gave the best 
f i t .  The sets of data points X i(veh ic le  trips/month) and Yi (mean d a ily  

discharge/month) were f i t te d  to the general formula fo r  a logarithm ic curve
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,given in equation 3 below:
(3 ) y = a + b In  x

where a = (Zy^ -  bzln x*

and b _ nZyi In  Xj -  Zln xj ZYl-
n£ ( In  x j ^  -  (T in x .)^

The regression co e ffic ien ts  are a and b and the c o e ffic ie n t o f determination  
2

(r  ) measures the goodness o f f i t .  Equation 4 below gives the formula fo r  
2

determing r  . '

(4) r2 „ (n zy-j In xj - tin Xi zy{j2 _______
lb z ( ln  X i)^  -  (z ln : x ^ y  jnEYi " Czyi )  3

The sign (+ or - )  and magnitude of r  gives a measure of the degree of association  
between the variab le  x and y.

For the data in Table 1, regression c o e ffic ie n t a = 10,-132.52, regression 

c o ff ic ie n t b = -1895.44 and the c o e ffic ie n t o f determination (r^ ) = 0.8198.
The co rre la tio n  c o e ffic ie n t r  = -0 .9054. The highly negative co rre la tio n  

•co effic ien t ( r )  indicates a strong inverse re la tionsh ip  between fisherman use 
as measured by vehicle trips/month and mean d a ily  discharge/month.

Other comparisons of variables were examined fo r correlations and associa
tion  as w e ll. I tested fisherman hours/month versus mean d a ily  discharge/ 
month and to ta l catch/month versus mean d a ily  discharge/month. Neither 

comparison indicated hear as strong a re la tionsh ip  as the comparison of vehicle  
trips/month versus mean d a ily  discharge/month. I fee l too many other factors  

influence to ta l catch and hours of angling e f fo r t  and these factors would 

mask or confuse the re lationsh ip  with discharge. Weather, trout feeding 

periods and patterns,angler a b i l i t y ,  and water c la r ity  or tu rb id ity  w ill a l l  
have a much stronger impact on (1) the length of time an individual angler 

continues to fis h  and (2) his success while fish ing than w ill the water level 
in the stream. But, the decision to fis h  or not to fis h  (as determined by 

vehicle tr ip s  or vehicle counts a t the access points) are probably more d ire c tly  

re lated to the water level in the r iv e r  and not influenced by these other 
extraneous fac to rs .

Since mathematical relationships such as logarithm ic equations can often  

be in tim idating fo r b io lo g is ts , a graphic analysis of the re la tionsh ip  between
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,vehicles trips/month and mean d a ily  discharge/month is presented in Figure 2.
This c le a rly  shows the strong inverse re la tionsh ip  between vehicle tr ip s  and
stream discharge. The highest use occurred in .May 1982 when the discharge
was the lowest. The reader is  reminded th a t these were actual counts on census
days only. Total estimates of vehicle trips/month would be more than double th is
amount since only 40% of a l l  weekdays and 50% of weekend days were counted.

In September 1982, 69 vehicles were counted when the flow was 1048 f t  /sec
while 186 vehicles were counted in May 1982 when the discharge was 420 ft^ /s e c .
Thus, vehicle tr ip s  increased almost 170% as the flow was:reduced by 60%. In
comparison, in 1983, fo r a 306% increase in  flow (May to July) vehicle tr ip s
decreased 70%. This indicates that flow v a ria tio n  below 1000 ft^ /sec  have
a much more dramatic impact on angler use than flow increases above 1000 ft^ /s e c .

3Once flows r is e  above 1000 f t  /sec most o f the fishermen w ill choose to stay 

o f f  the r iv e r . The Gunnison River in the Black Canyon is  most fishable in  the
3 -5

200 - 600 f t  /sec range. I t  is  s t i l l  fish ab le  a t 600 -  1000 f t  /sec but cannot
be crossed safely even in chest waders a t these leve ls . At flows over 1000

3 . # 1
f t  /sec the f is h a b ility  of the r iv e r  is very lim ited , except from a r a f t ,
boat or canoe.

CONCLUSIONS
Fisherman use and harvest on the Gunnison River from the Crystal Dam - 

East Portal access area downstream to the North Fork confluence has increased 

dram atically  in the past f iv e  years. In the event of an unusually dry year: 
and water levels  in the Gunnison River are held a t 200 -  300 ft'Vsec from 
A pril through September, fish ing pressure would probably exceed 100,000 hours 

between the East Portal access and the North Fork confluence. The Gold Medal 
and Wild Trout management program implemented by the Colorado Division of 
W ild life  is having a beneficial impact on the trout population in the Gunnison 
River. National notoriety on th is r iv e r is rapid ly  approaching 

the notoriety of the upper Gunnison (Sapinero to Gunnison) in the 1940s and 
1950s.

Flows in the range of 300 - lOOO.ft'Vsec are most beneficial fo r the 

trout population, for the anglers, and fo r the flo ate rs  in the Black Canyon 

of the Gunnison from the East Portal weir to the North Fork confluence. Flows 

in excess of 1000 f t  /sec become increasingly less beneficial fo r the f is h ,  
the fishermen, and the f lo a te rs . Flows lower than 200 ft^ /sec  are very 

detrimental for flo a te rs , but especia lly  fo r the trout populations during the 

spawning and egg incubation periods. For the rainbow trout th is is from about 
April 1 to July 1 each year and fo r brown trou t from about October 15 to March 
15. I t  is most important to remember that flows below 200 f t 3/sec are much
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more detrimental to the trout population than are flows in excess of 1000 f t 3/s e c . 
Hopefully these flow ranges can be considered in future operation plans fo r  
Crystal Dam and Power Plant.
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Tabl e 1. Gunni son River standing crop and biomass estimates, Fall 1981, 1982, and 1983.

Study section 
description

Study section size Population s ta tis tic s
length

(m)
width

(m)
area
(ha) Species N

95%
C .I.

fish
ha Kg/ha

trout/ha  
>35 cm

Duncan/Ute 
T ra il Area

3220 31.0 10 1981
Brown
Rainbow
Total

8659 
... 3388

±3554
±2819

866
339

201.2
110.7

71
87

Trout 13,607 ±5893 1361 311.9 158
Smith Fork 

to N. Fork 
Area

6440 31.0 20 Brown 
Rainbow 

, Total

2297
6067

±764
±2162

115
303

25.8
50.5

8
20

_____ Trout 7851 ±1939 393 76.3 28

Duncan/Ute 
T ra il Area

3220 31.0 10 1982
Brown
Rainbow
Total

6031
3916

±1730
±1121

603
392

143.8
110.3

42
94

Trout 9847 ±1997 985 254.1 136
Smith Fork 

to North 
Fork Section

6440 31.0 20 V Brown 
Rainbow 
Total

.3734 .. 
4554

. ±1197 
±1572

186
228

48.0
51.3

16
16

Trout 8233 ±1935 411 99.3 32
North Fork 

Confluence to 
Austin Bridge

12,900 45.7 59 Brown
Rainbow
Total

3565
2195

±1467
±1525

60
37

25.6
12.0

14
7

------------------------- --------- . . . ----- Trout 5875 ±2131 ..100___ J7.6__ _21

1983
Duncan/Ute 3220 . 31.0 10 Brown

Tra”  Area Rainbow
Total

Trout
Smith Fork 6440 31.0 20 Brown
to North Fork Rainbow
Section To^a}>4.

5861
4274

±1908
±1406

586
427

134.5
149.8

39
147

10,200 ±2360 1020 284.3 186
8145
4682

±2675
±1641

407
234

104.5
81.3

35
45

1 O I r r  r  *



Table Comparison of fisherman use and catch from April 16 -  
October 11, 1977 versus May 1-September 30, 1982 and 1983.

S ta t is t ic 1977 1982 1983

FM Hours 22,079 51,128 39,160
Total Catch 14,345 57,363 33,723
Total Harvest 17,713 13,151
Rainbow Catch 11,634 31,849 24,140
Rainbow Harvest 10,125 11,067
Brown Catch 2,529 24,934 9,562
Brown Harvest 7,275 2,085
Total CPMH 0.65 1 . 1 2 0 . 8 6
Rainbow CPMH 0.53 0.62 0.62
Brown CPMH 0 . 1 2 0.49 0.24

Table 3 ,. Comparison of fisherman use and catch s ta tis tic s
fo r the Crystal Oam access point from 1977, 1982 and 1983.

S ta t is t ic 1977 1982 1983

FM Hours . 10,679 16,978 • 23,628
Total Catch 7,385 11,009 18,952
Total Harvest - — 2,951 10,687
Rainbow catch 6,560 6,568 16,248
Rainbow Harvest — 1,755 9,437
Brown Catch 790 4,325 2,683
Brown Harvest — 1,187 1,249
Total CPMH 1 0.69 0.65 0.80
Rainbow CPMH 0.61 0.39 0.69
Brown CPMH 0.074 0.26 0 . 1 1



Table 4 . Comparison o f Fisherman use 
Chukar, Bobcat, Duncan, Ute 
from 1977, 1982, and 1983.

and catch s ta tis t ic s  fo r the 
, and North Fork access points

S ta tis tic s 1977 1982 1983

FM Hours 
Total Catch . 
Total Harvest 
Rainbow Catch 
Rainbow Harvest 
Brown Catch 
Brown Harvest

9919
5811

4249

1495

34,148
46,356
14,762
25,282
8,371

20,613
6,091

15,532 
14,771 

2,466 
7,893 
1,631 
6,878 

836
Total CPMH 0.59 1.36 0.95
Rainbow CpMBH 0.43 0.74 0.51
Brown CPMH 0.15 0.60 0.44



TABLE 5. FISHERMAN USE AND CATCH STATISTICS FOR THE CRYSTAL 
DAM AND EAST PORTAL ACCESS AREAS: MAY-SEPTEMBER 1983

May June
S ta tis t ic Est. S.E. Est. S.E.

FM Hours 1488 445 2149 522
Total Catch 442 225 782 423
Total Harvest 277 124 664 372
Rainbow Catch 388 194 774 426
Rainbow Harvest 264 11 2 656 375
Brown Catch 55 '44 8 8
Brown Harvest 13 13 8 8
Total CPMH 0.30 — 0.36 ___

Rainbow CPMH 0.26 — 0.36 ___

Brown CPMH 0.04 — 0.004 _____

JuTy__________ August_______ September
tS t. b . t .  cSt. S.E. Est. S.E. Tnta

4258 632 12,777 1134 2956 510 23,62
4992 1496 1 1 ,0 0 1 1805 1735 582 18,95
3182 1020 5,854 1174 710 233 1 0 , 6 8
4238 1278 9,609 1708 1239 477 16,24:
2800 896 5,179 1032 538 187 9i43!
755 289 1,383 286 483 176 2 , 68-
382 168 675 199 171 70 1,24«

1.17 — 0 . 8 6 — 0.59 (
0.99 — 0.75 — 0.42 — (
0.18 — 0 . 1 1 — 0.16 --- (

TABLE 6 . 
BOBCAT,

FISHERMAN USE AND CATCH STATISTICS FOR THE CHUKAR,
DUNCAN, UTE, AND NORTH FORK ACCESS AREAS: MAY-SEPTEMBER 1983

s F------- F - t June _____Ju1Y - August _______September
— -------- :—:---------1 ~ ------- —£•-----S.E. Est._____S.E. Est.____ S.E. Total

FM Hours 2199
Total Catch 519
Total Harvest 211
Rainbow Catch 339
Rainbow Harvest 121
Brown Catch 180
Brown Harvest 90
Total CPMH 0 .
Rainbow CPMH 0 .
Brown CPMH 0 .

428 1315 313
350 681 486
178 638 453
180 681 486
89 638 453

180 0 0
90 0 0

24— - 0.52 —
15 —  0.52 —
08 —  0 - —

1597 202 4879
891 458 2088
332 225 292
813 459 1012
254 169 161
78 56 1076
78 56 131
0.56 — 0.43

0.51 — à. 21

0.05 0 . 2 2

627 5542 631
720 10,592 3312
116 993 189
322 5,048 2193
67 457 T85

452 5544 1631
63 537 215

— — — 1 . 91 —

— 0 . 91 —
— 1 . 1rioo

15,532 
14,771 
2,466 
7,893 
1,631 
6,878 

836 
0

0

0
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Table 7.
ty species* numbers, size, and-location on the Gunnison River, Hay - September 1982.

Species kept/ 
released

0-6
in.

6-9
in.

9-12
in.

12-15
in.

15-18
in.

18-21
in.

21-24
in.

Total
in.

East Portal Access Atpa
Rainbow kept 
Rainbow released 
Brown kept 
Brown released

20
103
301

139 
535 ! 
204 
403

658
2017
575
1349

159
948
204
359

219 
843 

' 167 
704

359
185
18
14

199
182
19
7

1753
4813
1187
3137

Chukar Trail. Area
Rainbow kept 
Rainbow released 
Brown kept 
Brown released

82
506
87

186

107
695
99

571

348
948
560

1780

13 
. 1627
Í 26
1754 :

240
1469

99
731

240
616
26
53

1030
5861
897

5Ò75
Bobcat Trail Area :

Rainbow kept 
Rainbow released 
Brown kept 
Brown released

32

89.
76

111
177
315

108
103
342
282

144
38

1J.6

11
151

108

22
80
34

249
589
646
855

Duncan Trail Area
Rainbow kept 
Rainbow released 
Brown kept 
Brown released

8

50
15

62
561
367
504

386
368
648
904

69 
. 735 

60 
337

123
116
43

107

54
39

8
0

710
1819
1168
1867

Ute Trail Area
Rainbow kept 
Rainbow released 
Brown kept 
Brown released

9
29
12

179
114
121
711

383
743
386
437

153 , 
714 
96 

109

332
286
48

164

34
86

17 1107
1972
663

1421
North Fork Access Area

Rainbow kept 
Rainbow released 
Brown kept 
Brown released

26Ó
75

257

879
2153
175

1189

2970
3007
1745
2427

879
840
424

1125

273
336
199
225

273
76
75
81

25
5274
6672
2718
5304



Table 8 . Harvest d is trib u tio n  by species, numbers, s ize , and location on the 

Gunnison River from the East Portal to the North Fork Confluence, 
May-September 1983.

Species 
Kept/Released

0 - 6
in .

6-9
in .

9-12
in .

12-15
in .

15-18
in .

18-21
in .

21-24
in .

Total

East Portal Access Area

Rainbow kept 125 561 1511 3285 2757 1059 141 9437Rainbow released 639 951 1184 2260 919 749 109 6811Brown kept 0 170 586 385 93 0 15 1 ?4QBrown released 85 709 461 111 68 0 , 0 1435

Chukar T ra il to North Fork Access Area

Rainbow kept 15 44 1234 15 176 147 ' o 1631Rainbow released 69 47 89 115 36 8 0
1 V w 1

ÏZA
Brown kept 33 213 229 262 , 49 49 0

JUH
836BroWn released 549 117-3 2702 1128 475 15 0
U JU

6042
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PRELIMINARY DRA
Table A-l

Pre-Project, Simulated Historic Flows (cfs)
below the Gunnison TunnelYear Oct. Nov. Dec. Jan. Feb. March Apr. May Jun . Jul. Aug. Sept •1952 553. 1360. 1452. 2023. 2108. 2230. 2431. 2634. 3015. 2022. 754. 885.1953 1279. 1712. 1526. 1321. 1247. 1170. 240. 1114. 946. 200. 200. 330.1954 1182. 1220. 1470. 851. 568. 200. 200. 200. 200. ... 200. 200. 200.1955 200. 200. 200. 927. 682. 365. 200. 483. 200. 200. 200. 200.1956 200. 495. 1329. 1232. 1084. 928. 200. 1073. 669. 200. 200. 200.1957 443. 1164. 1427. 2134. 2291. 2498. 2399. 2752. 3787. 4674. 2052. 995.1958 1302. 1738. 1779. 1952. 2092. 2035. 1920. 2742. 2406. 1006. 200. 719.1959 1066. 1198. 1535. 1087. 864. 599. 200. 587. 244. 200. 200. 200.1960 200. 1104. 1491. 1316. 1229. 1152. 497. 1248. 921. 200. 200. 205.1961 1133. 1165. 1394. 1050. 803. 515. 200. 607. 267. 200. 200. 200.1962 200. 1101. 1626. 1835. 1987. 2084. 2186. 2198. 1944. 848. 730. 794.1963 1129. 1036. 1407. 1041. 821. 571. 200. 524. 200. 200. 200. 200.1964 200. 200. 1298. 1198. 1037. 836. 200. 1296. 725, 200. 200. 200.1965 729. 1237. 1472. 1993. 2096. 2229. 2094. 2344. 2443. 2201. 1378. 980.1966 1312. 1731. 1796. 1415. 1313. 1218. 221. 1312. 520. 200. 200. 200.1967 200. 821. 1733. 1074. 894. 641. 200. 501. 208. 200. 200. 200.1968 200. 465. 1753. 1428. 1368. 1311. 375. 1318. 1243. 200. 390. 893.1969 1272. 1711. 1760. 1479. 1462. 1493. 1152. 1420. 933. 200. 200. 460.1970 1138. 1738. 1785. 2006. 2184. 2189. 1848. 2435. 2252. 1225. 771. 1209.1971 1311. 1741. 1790. 1955. 2045. 2010. 1650. 1540. 1300. 322. 730. 913.1972 1250. 1625. 1764. 1225. 1110. 1022. 200. 785. 320. 200. 200. 200.1973 592. 1735. 1525. 1541. 1547. 1631. 1184. 1692. 1377. 303. 762. 634.1974 772. 1722. 1761. 1297. 1218. 1184. 347. 1584. 754. 200. 200. 200.1975 200. 1171. 1757. 1626. 1668. 1791. 1297. 1567. 1465. 923. 828. 891.1976 652. 1521. 1762. 1197. 1055. 874. 200. 761. 307. 200. 200. 200.1977 243. 1077. 1428. 744. 430. 200. 200. 200. 200. 200. 200. 200.1978 200. 200. 200. 890. 929. 1027. 875. 1493. 1611. 299. 655. 226.1979 656. 1396. 1547. 1716. 1802. 2017. 1622. 2213. 1991. 647. 762. 443.1980 820. 1346. 1722. 1769. 1899. 2113. 1732. 2026. 1763. 781. 654. 404.

Ave. 712. 1204. 1500. 1425. 1373. 1315. 906. 1402. 1180. 643. 478. 468.Max 1312, 1741. 1796. 2134. 2291. 2498. 2431. 2752. 3787. 4674. 2052. 1209.Min 200. 200. 200.''’ 744. 430. 200. 200. 200. 200. 200. 200. 200.

X



Available J n « r  Habitat—/ 
For Rainbow Trout- 

Flows for Two Sites on
(Weighted Useable Area) 
Over a Range of 
the Gunnison River

Flows (cfs)

200
300
400
500
600
700
800
900

1000
1200
1400
1600
1800
2000
2200
2400
2600
2800
3000

Above The North Fork
■Summer

1,030
1,760
2,696
3,325
3,487
3,673
3,642
3,220
3,161
2,834
2,520
2,404
2,303
1,991
1,852
-1,566
1 ,2 0 0
1,061
994

■Winter
1,281
1,602
1,652
1,765
1,845
1,645
1,531
1,293
1,130
882
725
513
433
373
317
249
238
228
223

At Rincan T ra il
Summer-

781
1,398
1,811
2,045
2,135
2,279
2,357
2,455
2,581
2,509
2,467
2,480
2,384
2,185
1,819
1,570
1,440
1,500
1,653

Winti;
23
55
59
42
34
86
150 
228 
286
365
366 
325 
297 
232 
177
151 
150 
164 
180

U  Instream Flow Group, Incremental Methologly, IFG4. Western Energy and Land Use 
Team. U.S. Fish and Wildlife Service, Fort Collins, Colorado

y  Based on reference curves developed on the Green River below Flaming Gorge Dam.;
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General Description of the Project Area
The Wayne-N.^Aspinall Unit is composed of three dams— Blue Mesa, Morrow 

Point, and Crystal--with powerplants arid reservoirs along a 40 mile stretch of 
the Gunnison River from the town of Gunnison to a short distance above the 
Black Canyon of the Gunnison National Monument.

Crystal Dam, Reservoir, and Powerplant are situated in Montrose County in 
west central Colorado on the Gunnison River about 12 miles east of the city of 
Montrose; and about 53 miles west of the town of Gunnison. Crystal Reservoir 
is the lowest in the series of three impoundments on the Gunnison River built 
.by the Bureau of Reclamation to provide storage and hydroelectric power 
generation. Crystal was finished in 1977 and filling was completed by 1978. 
7af0tW° uPPer.dams» Blue Mesa and Morrow Point, were completed in 1965 and 
1968, respectively. The three reservoirs are entirely within the Curecanti ' 
National Recreation Area, which is bordered on the north by the Gunnison
National Forest and on the west by the Black Canyon of the Gunnison National Monument.

The Gunnison River, a major tributary of the Colorado River, is formed by 
the confluence of the East and Taylor Rivers northeast of the town of Gunni- 
son The_Gunnison River is about 190 miles long and has a total drainage area 
of about 8,000 square miles. The elevation ranges from about 14,000 feet 
above sea level at the headwaters of the Taylor River to 4,555 feet at the 
confluence with the Colorado River.

The Gunnison iiver has carved a steep walled, narrow gorge about 47 miles 
ong known as the Black Canyon. The deepest and most spectacular reach of 
this gorge about 2 miles downstream from Crystal Dam, has been designated as 
the Black Canyon of the Gunnison National Monument. Within the Monument the 
gorge depth ranges from 1,739 to 2,725 feet, while the width narrows to 1 100 
feet at the rim and as little as 40 feet at the bottom. *

The Gunnison River, has a highly variable gradient. The stretch from 
Crystal Dam to the North Fork of the Gunnison has an average rate of fall of 
about 43 feet per mile, with the steepest area in the Black Canyon ranging 
from 75 to 260 feet per mile (Wiltzius, 1978). Thus, historically the Black 
Canyon acted as a barrier to fish migration due to its numerous falls and high 
water velocity making a natural separation between the upper and lower reaches 
of the Gunnison River. The average annual flow through the Monument is approximately 1,050 cfs.

,In 19i°’Lthe Gunnison Tunnel was completed near the present upstream 
boundary of the Monument. In dry years, it was capable of diverting the 
entire summer flow of the river for irrigation in the Uncompahgre Valley. 
Historically, the fish found below this tunnel were nongame species such as

I I - l



CHAPTER I I PRIUIMHMW DRAFT EXISTING ENVIRONMENT AND 
ENVIRONMENTAL CONSEQUENCES

suckers, minnows end chubs. However, the 60 mile section of river shove the 
Gunnison Tunnel where the Aspinall Unit impoundments are located was a 
world-famous trout fishery.

The cold water now being released from the Aspinall Unit has greatly 
influenced the downstream distribution of some fishes.' An excellent trout 
fishery has developed in the Black Canyon reach where trout were once rare. 
Figure 2 shows this section of the river.

The semiarid climate of the project area is characterized by short, cool 
summers and long, often harsh winters. Precipitation averages about 11 inches 
annually. Vegetation in the project area generally varies from Douglas fir 
and aspen found on high mesas, to sagebrush on hillsides and stands of 
pinon-juniper in canyons. Immediately adjacent to the river grasses and 
willows grow and scattered cottonwood trees are found.
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CHAPTER II EXISTING ENVIRONMENT AND 
ENVIRONMENTAL CONSEQUENCES

PM U M W M W - D W ft

Fishery
Existing conditions

Although the Curecanti National Recreation Area encompasses all three 
reservoirs of the Aspinall Unit, little recreation occurs in Crystal Reservoir 
because of limited access. Crystal Reservoir does however support a rainbow 
and brown trout population. Blue Mesa and Morrow Point Reservoirs support 
good trout and kokanee salmon fisheries.

A nationally significant and high quality fishery, composed primarily of 
rainbow and brown trout, exists on the 28-mile Black Canyon reach of the 
Gunnison River from Crystal Reservoir to its confluence with the North Fork of 
the Gunnison River. This stretch has been designated a Gold Medal water.
Below the North Fork, the trout habitat gradually declines as the water 
becomes warmer and more turbid. Suckers and minnow species dominate this 
lower reach to its confluence with the Colorado River near Grand Junction.

Table 2 is a species list of the, most common fish collected in the 
Gunnison River between Crystal Dam and the confluence with the North Fork.

Table 2
Common fish species in the Gunnison River downstream

_____________ ________ from Crystal Dam_________
Rainbow Trout --- ’--
Brown Trout 
Flannelmouth Sucker 
Bluehead Sucker 
Western White Sucker 
Longnose Dace 
Mottled Sculpin 
Longnose Sucker 
Fathead Minnow 
Carp
Roundtail Chub

Historically, two of Colorado's rare fishes, the Colorado squawfish and 
the razorback sucker, occurred in the Lower Gunnison River in substantial 
numbers. The Colorado squawfish is a Federally listed endangered species. 
These fish are still found although in greatly reduced numbers.

With the final filling of Crystal Dam in 1978, flows in the Gunnison 
River stabilized and the trout fishery began to rapidly improve. Figure 3 
illustrates the amount of available adult rainbow trout habitat (weighted 
useable area) that presently exists in the Gunnison River as measured in two

1 1-4
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river reaches utilizing the Instreara Flow Group's (Fish and Wildlife Service) 
Incremental Methodology. Adult habitat conditions appear to be optimum at a 
flow of 500-1,000 cfs.

Studies have also shown that various flow-related factors greatly 
influence the fishery:

1. Stable or increasing flows during spawning are needed to protect 
eggs.

2. Medium to low flows provide best survival conditions for fry emerging 
from gravel.

3. A-flow of 200 cfs is an adequate minimum but substantial habitat
gains occur between 200 and 300 cfs as indicated in Figures 3. 4 5
and 6. * ;■

As a result of the régional and national publicity■ given to the river, a 
rapid increase in fisherman use has occurred. Angler harvest increased by 40 
to 50 percent between 1977 and 1981. Trout population densities began to 
fall, especially in.the more accessible and easily fished reaches such as the 
North Fork access where trout populations dropped by approximately 70 percent 
in comparison to the lesser fished reaches upstream in the gorge. The number 
of quality—sized fish" (greater than 14 inches) also dropped dramatically by 
1981. As a result of these findings, the Colorado Wildlife Commission 
established regulations designed to: reduce overall angler take, enhance the 
survival of quality size trout, and protect new spawning stock of rainbow and 
brown trout in the 12 to 16 inch range to ensure adequate reproduction and 
recruitment of new age classes to the population.

Standing crop and biomass estimates for 1981-1983 indicate that the 
regulations are having the anticipated impacts (Table 3). Although brown 
trout populations have been decreasing, total trout numbers, density, biomass, 
and the number of quality size trout have all increased, particularly in the 
more heavily fished North Fork reach. The estimated standing crop of total 
trout is 408 fish per acre in the less accessible Black Canyon reaches and 266 
fish per acre in the more accessible North Fork reach. Figures 7 and 8 
illustrate the 1981 and 1982 length frequency distribut ion of the trout 
populations in the Gunnison River below Crystal Dam.

Impacts of flow changes— aduj^ fish

H icts on fi^ttnabitat would^résult from chang^s^in flows
>re operational flexibRirfy. Annual avepage flows would not 
ier£^wmld be no déplierions associatepKwith the project.

11-6
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Table 3
Gunnison river standing crop and biomass estimates, Fall 1981, 1982, and 1983 
— s6cfciofl area ________  Population statistics____

Trout 
per acre

Study section 
description

Length
meters

Width
meters

Area 
ac res Species

Number 
of fish

952
C.I.

Fish Pounds
greater

than
14 inches1981Duncan/Ute 3220 31.0 25 Brown 8659 +3554 346 30.0 28Trail Area Rainbow 3388 +2819 136 16.5 35Total

Trout 13607 +5893 544 46.5 63
Smith Fork 6440 31.0 50 Brown 2297 +764 46 3.8 3to N. Fork Rainbow 6067 +2162 121 7.5 8Total

Trou* 7.851 . +1939 157 11.4 11
1982Duncan/Ute 3220 31.0 25 Brown 6031 +1730 241 21.5 17Trail Area Rainbow 3916 +1121 157 16.5 38Total
Trout 9847 +1997 394 37.9 54

Smith Fork 6440 31.0 50 Brown 3734 +1197 1 74 7.2 6to North Rainbow 4554 +1572 91 7.7 6Fork Section Total
s Trout 8233 +1935 164 14.8 12

North Fork 12900 47.5 147.5 Brown 3565 +1467 24 3.8 6Conflence to Rainbow 2195 +1525 15 1.8Austin Bridge Total ■—ft
Trout 5875 +2131 40 5.6 9 m

i—1983Duncan/Ute 3220 31.0 25 Brown 5861 +1908 234 20.1 iôË ETrail Area Rainbow 4274 +1406 171 22.4 5 9 I STotal De»Trout 10200 +2360 408 42.4 74^5
Smith Fork 6440 31.0 50 Brown 8145 +2675 199 15.6 14CDto North Fork Rainbow 4682 +1641 94 12.1 18D2DSection Total

Trout 13273 +3216 266 27.7 32 H IAdapted from: Nehrmg* B.R. 1983. Gunnison River Fish Population Evaluation and Fisherman Use andCatch Study From the East Portal Access Area Below Crystal Dam to the North Fork Confluence,. 11 pp.



N
U

M
B

ER

PRELIMINARY DRAFT

GUNNISON RIVER TROUT POPULATIONS 

NORTH FORK— SMITH FORK

Figure 7

Length Frequency Distr ib utio n  

(Nehring, R.B. and R. Anderson. 1983. Stream 

F isheries  I nvestigations. Colorado Div is io n  of Wil d l if e .

Job Progress Report,  Federal Aid  Project. F-51-R-8. 188 pg. )
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Figure 8

Length Frequency Distr ib u tio n  

(Nehring,  R.B. and R. Anderson. 1985. Stream

F isheries I nvestigations. Colorado Div is io n  of Wil d l if e  

Job Progress Report, Federal Aid  Project F-51-R-3. 188 pg. )



POTENTIAL IMPACTS OF REDUCED WINTER FLOWS 
IN GUNNISON RIVER ON TROUT REPRODUCTION AND GROWTH 

IN RELATION TO LOWER WATER TEMPERATURES AND ICE FORMATION
Robert J. Behnke

Department of Fishery and Wildlife Biology 
Colorado State University

ABSTRACT
Personal experience, personal communications, empirical evidence, and 

a survey of the literature leads to the conclusions that lower winter flows 
and lower water temperatures will not negatively impact reproductive success 
nor growth rates if incubation flows are stable. These conclusions are 
based on the facts that innate spawning site selection by trout place their 
eggs in areas protected from ice formation, and trout experience zero winter 
growth when temperatures descend into the 37~^0° F range. Unless some 
section of the Gunnison River that now exhibits temperatures of k0° F or 
more would have the temperature reduced below k0° by reduced flow, no reduc
tion in growth is expected —  i.e., winter growth is presently zero when 
temperatures are less than k0° F.
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INTRODUCTION

Since writing my analysis of potential fishery impacts in the Gunnison 
River from flow depletions (Fisheries impact analysis for year-round flow 
depletion of 1000 cfs from Gunnison River in Black Canyon area) for INDECO, 
an expression of concern was made by FERC regarding the impact on incubating 
brown trout eggs due to possible ice formation in the river* Another con
cern has been expressed by the Colorado Division of Wildlife regarding the 
affects of lower winter water temperatures on growth of trout.

The following discussion, based on personal experience, personal communi 
cation, and a synthesis of the literature reveals why there is not likely to 
be a detectable change in survival of incubating eggs nor in trout growth as 
result of lower water temperatures due to reduced winter flows.

AREA OF CONCERN AND PROBLEM

About 25 miles of the gold medal section of the Gunnison River (from 
diversion tunnel to confluence with North Fork) will be subjected to year- 
round flow depletions up to 1050 cfs if a proposed hydro electric project is 
constructed. My previous report discussed the reasons why the proposed deple 
tions with a 200 cfs minimum flow would not negatively impact the present 
trout fishery, and could, in fact, improve the fishery especially if flows 
were not significantly lowered after spawning (during egg incubation period). 
The present concerns to be addressed regard the fact that a lesser volume of 
reservoir water (due to flow diversion through the Gunnison Tunnel) as it 
travels downstream exposed to ambient air temperature, will cool down more 
rapidly during winter months than under the present winter flow regime. This 
more rapid cooling may stimulate ice formation in the river which could 
possibly destroy or freeze redds, and the lower temperatures could possibly 
negatively impact growth. Neither of these possibilities is likely to occur 
because of site selection by spawning trout and the assumption that trout 
growth during winter (December through February) is essentially zero (or 
negative) under the present winter flow-temperature regime.

The winter water temperature from Crystal Dam is assumed not to exceed 
about 39-AO°F and with gradual cooling downstream, the water temperature in 
the river at the confluence with the North Fork should reach 32-33° F during 
the coldest days of winter under present conditions. This longitudinal river
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condltions such as moving into deep pools to overwinter and proper site selec
tion of fall spawning species to place their eggs in areas of upwelling or 
downwelling where ice formation cannot destroy their redds.

The University of California, Berkeley, maintains a trout research sta
tion at Sagehen Creek in the Sierra Mountains. Ten years of basic, year- 
round research was conducted on the trouts of Segehen Creek (brook, brown, 
and rainbow) to elucidate environmental factors determining trout abundance. 
While a graduate student at Berkeley, I participated in these studies. Sagehen 
Creek is exposed to extremely harsh winter conditions and is characterized 
by great amounts of anchor ice and frazil ice every winter (Needham and 
Jones 1959)« Dr.. Robert Butler, Penn. St. Univ;, used Sagehen Creek to pro
duce a film on ice formation in streams. Despite the extreme winter condi
tions and annual problems with ice formation, the overriding environmental 
factor determining reproductive success and year-class strength of the trout 
species in Sagehen Creek proved to be floods (peak discharge), not winter 
temperature or -ice conditions (Seegrist and Gard 1972; Gard and Seegrist 
1972).

POTENTIAL IMPACTS ON REPRODUCTION

The key to avoiding overwinter loss of incubating eggs in rivers exposed 
to harsh climates is for the female trout to select a redd site with proper 
upwelling or downwelling where ice will not form and where intragravel water 
temperature may be slightly warmer than the water in the river channel. There 
is some confusion in the literature concerning the influence of ground water 
in redd site selection and preferences of brook trout and brown trout (Latta 
1969; Hansen 1975)* The explanation of this somewhat contradictory data 
probably can be found in the fact that groundwater influence varies greatly 
in quantity and quality from one stream to another and in different sections 
of the same stream —  presence, absence, temperatures, 02 and C02 content.
In any event, eons of natural selection has precisely adapted fall spawning 
species to “know11 where to construct a redd to maximize overwinter survival 
of incubating eggs. This point was nicely demonstrated by Reiser and Wesche 
(1977) who studied the hydraulic preferences of brook and brown trout spawning 
in Wyoming streams exposed to severe winter conditions. These authors attemp
ted to duplicate the trout*s selection criteria by constructing artificial 
redds in the Laramie River at sites with "ideal11 hydraulic parameters. All 
of the eggs froze solid in the artificial redds. Survival to hatching was
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found only when eggs were planted In natural redds previously constructed 
by female trout.

There may be situations where an unusual combination of circumstances 
create environments unsuitable for overwinter egg survival. The Wolf River 
in northern Wisconsin is known to have poor reproduction of brown trout 
(Andrews 1981). The Wolf River drains a region characteried by severe 
winters. The stream channel is underlain by bedrock and ground water influ
ence appears to be nil. Brown trout eggs from a hatchery were planted in .the 
Wolf River and experienced 95 to 100% mortality. Temperature recordings 
showed 122 consecutive days with water temperature at or near (32-33° F) the 
freezing point. Ice formation is a common phenomenon in the Wolf River but 
the eggs did not freeze nor were the redds damaged. The major cause of 
mortality may have been the prolonged near-freezing temperatures and/or the 
developmental stage of the hatchery eggs when placed into the Wolf River 
and their sudden exposure to low temperatures. * The Wolf River study suggests 
that some rivers may have conditions unsuitable for overwinter egg survival 
but such rivers must be extremely rare — fall spawning salmon id fishes suc
cessfully reproduce in rivers within the Arctic Circle where eggs incubate 
through an extremely long winter. Brook and brown trout successfully repro
duce in the headwaters of the Gunnison River and uncountable other streams in 
Colorado at considerably higher elevation in regions with much colder and 
longer winters than in the Black Canyon of the Gunnison. Such empirical 
evidence and the known biology of trout reproduction should allay concern 
that a reduced winter flow in the Black Canyon of the Gunnison will increase 
the mortality of incubating eggs from ice or associated effects of lower 
temperatures resulting from the lower flows. What can be predicted is that 
lower incubation temperatures will prolong the incubation period and hatch
ing time would occur at a later date (about 550-600 degree day temperature 
units are accumulated by hatching —  decreasing the temperature by 1-2° F 
for 90-100 days can be expected to delay hatching by about 7“10 days).

The major factor favoring successful egg incubation, as discussed in 
my previous report, is stable flows after spawning and during the incubation 
and hatching period. Thompson (1972) gave a Mrule-of-thumb11 desired require
ment for regulated rivers that incubation flows should not drop below 67% 
of the spawning flows.



- 6-

GROWTH CONSIDERATIONS

The concern that lower winter water temperatures will reduce growth rate 
of trout (both rainbow and brown) appears to be groundless unless there Is a 
segment of the river that maintains temperatures of k0° F or more at some 
time of the year under the current flow regime that will experience tempera
ture reduct Ions»below 40° due to reduced flows. Considering annual seasonal 
air temperatures and the temperature regime of the water released from 
Crystal Dam, I cannot conceive that such a situation would occur. As pre
viously discussed, what can be expected is that reduced flow volume will cool 
the river more rapidly as the water travels downstream during the winter. This 
cooling effect would be expected to lower the present longitudinal temperature 
gradient in the 25 mile Black Canyon section characterized by winter lows of 
35~39° F by 1-3° F, depending on the distance downstream from Crystal Dam.
This slight decline in temperature is not expected to produce a detectable 
impact on growth because, except for physiological adaptations to extreme 
cold in lake trout and Arctic char, species of SaImo experience zero growth 
at temperatures between 37“^0° F (synthesis from several references listed 
pertaining to feeding, growth, and temperature), and this seems to be parti
cularly true in winter when the trout*s annual physiological rhythm is 
programmed for reduced, zero, or negative growth. In laboratory feeding ex
periments, the regression line predicting zero growth in brook trout is 
38.6° F (Haskell 1959)> and approximate zero growth for brown trout would 
occur at about 3*8° C (39° F) according to the data of Elliott (1976). The 
laboratory feeding experiments are also supported by empirical evidence in 
nature. I know of no natural trout population (genus Salmo) where any growth 
has been documented to occur when water temperature is less than k0° F.
Although trout will continue to feed in water as cold as 32° F, their diges
tion rate and food assimilation efficiency are greatly reduced (Elliott 1976).

Thus, I assume that trout growth in the Gunnison River ceases when water 

temperature drops below 39° F under the present flow regime. The duration 

of the Mno growth“ winter period when water temperatures are less than 39° F 
is not expected to change due to reduced flow because this period should 

essentially coincide with the period when 39° water is released from Crystal 

Dam.
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CONCLUSIONS

If "reduced winter flows" below dams with subsequent lower winter water 

temperatures have resulted in an obvious fishery problem (such as ice forma

tion impacting reproduction or reduced growth rate due to lower winter tem

perature) I would expect that such a phenomenon has been documented and the 

information made known. In this regard I checked bibliographic or compila

tion sources such as Alderdice et al. (1977), Osborn and Allman (1976)» and 
Walburg et al. (1981) for documentation. I found none. I then personally 

communicated with Pat Graham, Montana Fish and Game, and Tom Wesche, Wyoming 

Water Resource Inst., and asked them if they knew of an example where winter 

conditions in a regulated river caused egg incubation mortality from ice 

formation or reduced growth from lower water temperatures. They could not 

cite any example.

It should be recognized that if trout reproduction becomes more success 

ful in the Gunnison River due to more stable incubation flows, growth rates 

can be expected to decline because growth is density dependent, especially 

during the first and second years of life.

The point to be recognized is that, based on empirical evidence, field 

and laboratory studies on trout physiology and life history, obvious fishery 

problems that may result from reduced winter flows are not apparent as inter 

preted from any direct cause-and-effeet relationships, especially if incuba

tion flows remain stable after spawning. All kinds of interacting factors 

are responsible for determining reproductive success, year-class strength, 

and growth. It is very difficult to isolate a single factor as the valid 

cause-and-effeet action. Dennis Chitty, the reknowned British ecologist, 

once commented on mortality factors, but the essence of his remarks are appl 

cable to any life history aspect under consideration. Chitty (1967) wrote:
"The trouble is that animals die for all sorts of reasons 
(including starvation) and that anyone who works at it hard 
enough can find a correlation of some sort to support his 
views, whatever they happen to be."

The moral that can be drawn in relation to environmental assessment and 

mitigation concerns where priorities are to be placed. In regards to the 

Gunnison River trout fishery, would a study of winter growth rates under a
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reduced flow regime (In view that no baseline data exists for comparison) 
have a more positive influence on the trout fishery than a study of factors 
determining survival in the first year of life (nursery areas), that may 
lead to techniques to greatly enhance early life history survival? For 
example, Mundie and Traber (1933) found that by simply reducing the flow 
in a regulated side channel nursery area from 15 cfs to 5 cfs, 31 times 
more steel head trout smolts were produced.
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ABSTRACT

Analysis is made of potential fisheries impact of a year-round 

diversion of 1000 cfs. The major fishery of concern occurs in the Black 

Canyon area, extending 26.5 miles from Crystal Dam to the confluence with 

the North Fork. This fishery is  designated as both a wild trout fishery  

and a gold medal fishery by the Colorado Division of W ild life . Most 

emphasis is given to factors influencing spawning, egg incubation, 

hatching, and emergence of free-swimming fry . Empirical evidence 

correlating year-class strength to USGS flow records and instream flow 

analysis performed by the Colorado Division of W ild life  lead to the 

conclusion that a year-round reduction up to 1000 c fs , with maintenance 

of a 200 cfs minimum flow, would have a net positive benefit to the trout 

population because the lower flows would favor optimum habitat conditions 

fo r a ll  l i f e  history stages fo r a greater part of the year than does the 

present flow regime.

INTRODUCTION

West Slope Hydro Partners has made a license application to the 

Federal Energy Regulatory Commission for construction and operation of
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hydroelectric generating fa c il i t ie s  on an existing irr ig a tio n  system.

The existing irr ig a tio n  system diverts water through a tunnel from the 

Gunnison River in the Black Canyon (diversion point approximately 1.5 

miles below Crystal Dam) and has been in operation since 1910. 

H is to ric a lly , water has been diverted only during the irr ig a tio n  season, 

mainly from April through October, with peak diversions occurring in 

July and August, averaging more than 900 cfs. The proposed hydropower 

plans ca ll for year-round diversion (except for annual canal maintenance 

shutdown) up to 1050 cfs. The resulting e ffe c t on the Gunnison River 

below the diversion tunnel to the junction with the Uncompahgre River, 

the return flow s ite  (approximately 47 miles) would be an average increase 

in flow depletion of about 100 to 400 cfs from April through September, 

about 600 cfs during October and about 1000 cfs (theoretical potential 

to 1050 cfs) from November through March. A minimum flow of a t least 

200 cfs would be maintained at a ll  times below the diversion point.

The regulation of Gunnison River flows by the Curecanti reservoirs 

has created one o f the most outstanding wild trout fisheries in Colorado 

by greatly depressing or elim inating the annual peak flood flows 

releasing a more even flow distribution throughout the year, and reducing 

summer water temperatures, optimum fo r trout growth in the Black Canyon 

area, in comparison to h istorica l conditions (Figures 1 and 2 ). The 

quality  of the Gunnison River fishery in the Black Canyon, based on 

catch-per-man-hour of angling, and proportion of large trout in the 

population (percent of trout more than 14 inches and more than 16 inches) 

makes this section of the Gunnison River perhaps the fin est public trout 

fishery in Colorado. The section of the Gunnison River from Crystal



Figure 1. H istorical flow regimes in Gunnison River of Black Canyon.
A. Virgin flow conditions when peak scouring flows of May to early  
July severely lim ited trout habitat. Natural reproduction during this  
period was probably an exceedingly rare event. B. Flow trend a fte r  
completion of Taylor Reservoir (1937) and diversion through Gunnison 
tunnel during irr ig a tio n  season. Peak flows somewhat reduced but 
summer flows greatly reduced. Sometimes no flow below tunnel during 
dry years. Trout habitat severely impacted. C. General trend of flow 
a fte r  Curecanti regulation (since October, 1965). More stable year- 
round flow and cooler summer water temperatures resu lt in dramatic 
improvement in trout habitat and reproductive success. Brown trout 
and rainbow trout greatly increase in abundance and growth ra te . Gold 
medal fishery established but in some years a drastic decline in flow 
a fte r  spawning (1982) or a high scouring flow (1983) greatly reduces 
year-class strength. D. General flow regime projected fo r year- 
round diversion o f 1000 cfs . Note that in "normal" flow years the year 
round diversion with 200 cfs minimum flow would maintain flows fo r  
optimum habitat in the "E" zone. E. Zone of 200-600 cfs flows fo r  
optimum habitat conditions for a l l  l i f e  history stages of both brown 
trout and rainbow trout as quantified in Figures 2, 3, and 4.
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Figure 2. Illu s tra tio n  from Kinnear and Vincent (1967) comparing 
habitat changes from high flow (1800 cfs) to low flow (200 c fs ). Note 
the increase in optimum trout habitat (pools and r i f f le s )  from 21% to 
41% and decrease in areas with velocities too great fo r use by trout 
(cataracts and rapids) from 54% to 25% when the flow in the Gunnison 
River in the Black Canyon is reduced from 1800 cfs to 200 cfs. These 
habitat changes in re la tion  to influence on the brown and rainbow trout 
populations are quantified in Figures 3 and 4 which present the results  
of instream flow analysis.
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Dam to the confluence with the North Fork (26.5 miles) has been designated 

as both a gold medal and a wild trout fishery (Nehring and Anderson 1982, 

1983).

Thus, there is need to make a c r it ic a l analysis of the potential 

impact of increased flow reduction on th is  fishery to ensure that 

thorough consideration is given to re la te  flow changes to potential 

positive and negative changes in trout habitat fo r d iffe re n t l i f e  

history stages f |  spawning and egg incubation, hatching and emergence, 

ju ven ile , and adult segments of l i f e  history.

HISTORICAL REVIEW

The to ta l area of flow depletion impact concerns about 47 miles of 

the Gunnison River from the diversion tunnel intake to the confluence 

with the Uncompahgre River, but the area of main concern is the 26.5 

mile "gold medal" trout fishery in the Black Canyon from Crystal Dam to 

the North Fork confluence. Although there is a f a ir  population of large 

trout in the 9 mile section of the Gunnison River from the North Fork 

downstream to Austin Bridge (Nehring and Anderson 1982), th is section is 

influenced by flows from the North Fork (long-term average daily  flow of 

445 cfs, typ ica lly  ranging between 100 to 2000 c fs ), and receives only a 

fraction of the use that is expended on the gold medal section.

The Black Canyon area was h is to ric a lly  a transition  zone between 

the cold, trout waters above the canyon and the warmer waters favoring 

species of minnows and suckers below the canyon. Environmental changes 

began in the la te  nineteenth century. The introduction of non-native
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species of fish and increased warming and tu rb id ity  from return  

irr ig a tio n  flows caused the native cutthroat trout to be replaced by 

the introduced rainbow trout by about 1900 (W iltzius 1978).

Based on what is known about the indigenous fish  fauna of the 

upper Colorado River basin (Behnke and Benson 1983), the following fish  

species can be assumed to have existed in the Black Canyon area of the 

Gunnison River: prio r to Caucasian man's influence: Colorado River 

cutthroat trout (Salmo c la rk i p leu riticu s) , bluehead sucker (Catostomus 

discobolus) ,  flannelmouth sucker (£. la t ip in n is ) , speckled dace 

(Rhinichthys osculus) ,  roundtail chub (Gila robusta), and mottled 

sculpin (Cottus b a ird i). During the past 100 years, the following 

species were introduced and established (occurring in the Gunnison River 

at some sites between Crystal Dam and the confluence with the 

Uncompahgre R iver): Rainbow trout (Salmo gairdneri) ,  brown trout 

(S. t ru t ta ) ,  fathead minnow (Pimephales promelas) ,  red shiner (Notropis 

lu trens is ) sand shiner (N. stramineus) , carp (Cyprinus carpio) ,  white 

sucker (Catostomus commersoni) ,  longnose sucker (£. catostomus), and 

northern pike ( Esox lu c iu s ). H is to ric a lly , the Colorado squawfish 

(Ptychocheilus lucius) ,  a federal and state lis ted  endangered species 

occurred in the Gunnison River upstream to the town of Delta (v ic in ity  

of Uncompahgre confluence). The state lis ted  endangered razorback sucker 

( Xyrauchen texanus) also had a sim ilar h istoric  d istribu tion  in the 

Gunnison River. These species are presently rare in the Gunnison River. 

Valdez e t a l. (1982) discussed a U.S. Fish and W ild life  Service study in 

the Gunnison River. Adult squawfish were collected to about 40 miles 

upstream from the confluence with the Colorado River (about 20 miles
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downstream of Uncompahgre confluence). One razorback sucker was found 

in the Gunnison River near Delta in 1981 (Valdez e t a l. 1982). W iltzius  

(1978) described a razorback sucker collected above the F ifth  Street 

bridge in Delta in 1975. There is no evidence (finding of young fish ) 

that the squawfish or razorback sucker reproduce in the Gunnison River.

The federal and state lis te d  endangered bonytail chub (Gila elegans) 

once shared a s im ilar d istribution pattern with the squawfish but the 

bonytail is now considered extinct in the entire  upper Colorado River 

basin (Behnke and Benson 1983). The federal and state lis ted  endangered 

humpback chub (Gila cypha) was never known to occur in the Gunnison 

River.

As previously mentioned, the f i r s t  environmental impacts in the 

upper Gunnison River drainage concerned irr ig a tio n  which returned warmer 

and more turbid waters to the r iv e r  and the introductions of non-native 

fishes. These impacts caused the disappearance of the native cutthroat 

trout and its  replacement by the non-native rainbow trout. The Gunnison 

diversion tunnel began operation in 1910 and could d ivert up to 1000 cfs 

of the Gunnison River in the Black Canyon. During low water years, 

essentia lly  the entire  flow of the Gunnison River was diverted in la te  

summer and when Gunnison River flows fe l l  below 1000 c fs , irr ig a tio n  

needs could not be met (W iltzius 1978). The lack of assured irr ig a tio n  

water led to the construction of Taylor Park Reservoir (operational 1937) 

in the headwaters of the drainage to store water in the winter and 

spring months for release downstream to the diversion tunnel during the 

irr ig a tio n  season. During the 1910-1965 period, the populations of 

rainbow and brown trout would have been severely lim ited in the Black
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Canyon of the Gunnison by low flows and warm water during la te  suiraner and 

reproduction would have been lim ited by peak flood flows scouring the 

canyon. During th is period, the Gunnison River above the Black Canyon 

was a world famous trout fishery. Because of this and the d if f ic u lty  of 

access into the Black Canyon, few anglers fished in the canyon (W iltzius  

1978).

The most dramatic environmental change in the Black Canyon section 

of the Gunnison River occurred from the construction of the Curecanti 

impoundments (Blue Mesa Reservoir began f i l l in g  in October, 1965) which 

regulated the Gunnison River flow by elim inating or greatly reducing 

the annual peak scouring flow. Also, cold water has been discharged 

during the summer months, which extends the zone of optimum water 

temperature fo r trout through the Black Canyon to the confluence with 

the North Fork. These environmental changes resulted in greatly  

increasing the reproductive success of tro u t, th e ir  abundance and 

growth rate (Kinnear and Vincent 1967, Wiltzius 1978, Nehring and 

Anderson 1982, 1983). The cooler waters and more uniform flow also 

affected the non-game fishes. Collections made in the Black Canyon in 

1965 were predominated by three species of suckers (white, bluehead, and 

flannelmouth) which made up 75% of a ll fishes collected. The longnose 

sucker, a more coldwater adapted species, was not found a t a l l .  In 

collections made during 1975-1977, the longnose sucker was the most 

common fish species in the National Monument section of the Black Canyon, 

making up 43% by numbers of a ll fishes collected. The other three 

species of suckers comprised 25% of a ll fishes in the collections.
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Figure 1 illu s tra te s  the changing flow regimes during h isto rica l 

periods in the Black Canyon section of the Gunnison River. Figure 2 

illu s tra te s  why low, stable flows (10% to 20% of average daily  v irg in  

flow ), increases the amount of optimum trout habitat in  the Black 

Canyon because of the increased area of low velocity habitat.

S uffic ien t information is now available on the biology and l i f e  

history of the brown trout and rainbow tro u t ,: th e ir  preferred habitats, 

and environmental needs of d iffe re n t l i f e  history stages in re la tion  to 

flows in the Black Canyon to make a c r it ic a l assessment o f a po ten tia lly  

optimal flow regime and examine how year-round diversion of 1000 cfs 

through the Gunnison tunnel might contribute to achieving a more optimal 

flow regime. The key element fo r a more optimal flow regime is the 

avoidance of short-term flow fluctuations (50-100% change in flow volume 

in one to a few days time, especially during egg incubation).

IMPACT ASSESSMENT

Impoundments regulating stream flow by a more constant year-round 

discharge with cold summer releases create some of the most famed trout 

fishing in the Wfest. For example, the Colorado River below Glen Canyon 

Dam, the South P latte River below Cheeseman Dam, the Frying Pan River 

below Ruedi Dam, the "Miracle Mile" of the North P latte  River below 

Seminole Dam, the San Juan River below Navajo Dam, and the Black Canyon 

of the Gunnison below Crystal Dam. Most "tailw ater" fish eries , although 

providing an excellent environment fo r adult trout (mainly stocked 

hatchery tro u t) , have l i t t l e  or no natural reproduction due to e rra tic
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flow fluctuations and/or an unsuitable temperature regime (Mullan e t a l.  

1976, Walburg e t a l. 1981)* The Gunnison River in the Black Canyon has 

had successful natural reproduction by brown and rainbow trout in most 

years since flow regulation by the Curecanti Project. The designation 

of the Gunnison River in the Black Canyon as "wild trout" waters by the 

Colorado Division of W ild life , means that this fishery must depend on 

natural reproduction. The most vulnerable period of a tro u t's  l i f e  cycle 

is the embryonic development stage (egg incubation), hatching and 

emergence of free-swimming young (when they must find protected areas of 

l i t t l e  or no current ve lo c ity ), and the f i r s t  few weeks a fte r  emergence. 

Older, larger trout are highly mobile and can readily re trea t to deep 

pool areas during periods of to rren tia l flow or extremely low flow. Thus, 

the greatest emphasis fo r impact analysis is  given to a c r it ic a l  

evaluation of flows in re lation  to spawning, egg incubation, and 

emergence of brown and rainbow trou t.

In 1982, the Colorado Division of W ild life , in cooperation with 

the Bureau of Reclamation, made a detailed instream flow analysis of 

the Gunnison River in the Duncan-Ute t r a i l  area of the Black Canyon 

(Nehring and Anderson 1983). The PHABSIM model developed by the 

Instream Flow Group of the U.S. Fish and W ild life  Service was used which 

quantified the quantity and quality  of habitat available to fry ,  

juven ile , and adult brown and rainbow trout at various flows up to 2500 

cfs. For a ll  l i f e  history stages fo r both species, the amount of 

optimum habitat (weighted useable area: WUA) peaked between flows from 

about 150 to 600 cfs and rapidly declined at flows exceeding 1000 cfs. 

Approximately four times more habitat (WUA) was available for a ll  l i f e



Figure 3. From Nehring and Anderson (1983) graphically depicting the 
changes in trout habitat (weighted useable area = WUA) with changes in 
flow fo r various l i f e  history stages of rainbow tro u t. Note optimum 
habitat conditions fo r a ll l i f e  history stages occurs at flows from 
about 150 cfs to 600 cfs. This is due to the. increase in amount of 
low velocity habitat. Figure 3 translates and quantifies the information 
of Figure 2 into units of useable trout habitat. Year-round diversion 
of 1000 cfs would maintain flows in the optimum range fo r a much greater 
part of the year than under past and present flow regimes.
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Figure 4. Same as Figure 3 but fo r brown trout. Note approximate 
identical favorable response to 150 cfs - 600 cfs flows.





history stages a t 200 cfs in comparison to 2000 cfs according to the 

analysis (Figures 3 and 4 ).

There are many techniques in use to predict changes in habitat 

quality  or fish abundance with changes in flow (Wesche and Rechard 

1980), and investigators should understand that they are dealing with a 

great abstraction and s im plification of nature in attempting to quantify 

a multi-dimertsional niche of a species by a few components such as depth 

and velocity . I believe, however, that the instream flow analysis of 

the Gunnison River by Nehring and Anderson (1983) is accurate. This is  

due to the unique environment of r iv e r  channels incised in deep canyons 

(in  contrast to "normal'' r iv e r channels where low flows of about 20% of 

the average daily  flow recedes the wetted perimeter away from the undercut 

bank areas and causes the loss of prime h ab ita t).

The greatly increased habitat values illu s tra te d  in Figures 3 and 4 

at flows from about 150 to 600 cfs is also corroborated in Figure 2 

which illu s tra te s  a change in types of habitat in the Gunnison River in 

the Black Canyon when flows change from 1800 cfs to 200 cfs. In changing 

from 1800 cfs to 200 cfs the amount of r ive r with velocity too high to 

be used as trout habitat (cataracts and rapids) declines from 54% to 25%, 

and the amount of prime trout habitat (pools and r i f f le s )  increases from 

21% to 41%.

Further corroboration was obtained by comparing size-age structure 

of the trout population in the Black Canyon (Nehring and Anderson 1982, 

1983) to note trends in year-class strength (= success of natural 

reproduction for any single year) and correlate these data with U.S.G.S. 

flow records for the gaging station below the diversion tunnel. What
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becomes apparent is that lower than normal flow regimes benefit 

reproduction, and a ll  l i f e .h i  story stages (as can be interpreted from 

Figrues 1 -4 ), but irregardless of the annual discharge regime, the 

greatest negative impact on reproduction is rapid fluctuation in flow 

between spawning and emergence of young. Nehring and Anderson (1983) 

pointed out the drastic decline in young-of-year brown and rainbow trout 

in 1982 compared with 1981 (88% and 95% reduction of the two species, 

respectively), and related the decline in spawning success to highly 

fluctuating flows during the March through June, 1982, period.

I t  is instructive to examine the 1981 flows (1981 water year) which 

produced strong year-classes of both trout species and the 1982 flows 

which produced extremely weak year-classes in order to better assess 

potential impacts of future increased diversion with empirical evidence.

Brown trout spawn on declining temperatures. Spawning is typ ica lly  

in it ia te d  when maximum daily  water temperatures drop below about 48°F.

In most years, brown trout spawning w ill peak during October in the 

Gunnison River. The eggs incubate overwinter and hatch in la te  winter 

(la te  February, early March) with emergence of free-swimming fry  from 

about late March to early or m id-April. Rainbow trout spawn on ris ing  

temperatures with spawning typ ica lly  in it ia te d  when daily  maximum water 

temperatures exceed about 42°F. In most years, peak spawning w il l  occur 

in April with hatching in mid-May - early June and emergence of free - 

swimming fry  in the early to late June period.

The incubating eggs (buried about six inches in a gravel nest) must 

have su ffic ien t c ircu lation  to maintain high oxygen levels (>5 ppm) and 

i f  the nest becomes f i l le d  with sediment, water c ircu lation  is cut o ff



and the eggs perish. The sediment-free waters discharged from Crystal 

Dam essentia lly  elim inate the problem of sediment and allow fo r adequate 

water circulation in nests a t low flows. Trout construct th e ir nests in 

gravel substrate a t stream depths typ ic a lly  between one and two fee t. 

Stage-flow relationships (change in r iv e r surface level correlated with 

change in flow) vary in d iffe ren t sections of a r iv e r in re lation to 

gradient and channel Configuration. Generally, a change in flow of 

about 100 cfs would be expected to change the riv e r surface elevation by 

about one to two inches in a r iv e r the size of the Gunnison. Thus, i f  

trout spawned at a high flow of 2000 c fs , a t depths of one to two fe e t, 

and the flow decreased to 200 cfs during egg incubation, most of the 

nests would be stranded above the waterline.

Trout and salmon eggs can incubate in a moist environment i f  

temperature and oxygen conditions are suitable (Reiser and White 1981). 

That is , developing eggs may survive dewatering fo r some time under 

certain conditions, but these conditions are improbable in the 

Gunnison River. For example, consider the development of the 1981 brown 

trout year-class (brown trout hatched in 1981) in comparison with the 

1982 year-class. The 1981 year-class was in it ia te d  by spawning in the 

f a l l  of 1980. Assuming most spawning occurred in October, nests were 

constructed and eggs began incubation at flows ranging from 556 cfs to 

946 cfs. Flows ranged between 1000 to 1270 cfs from November through 

February. The hatching and emergence period was characterized by 

gradually declining flows, 1250 cfs on March 1 to 222 cfs by March 31. 

A p ril, May, and June (and rest of suraner months) had low flows between 

148 to 624 cfs — ideal for trout hab ita t, especially for the fry  and
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juvenile stages (Figures 3, 4 ). Newly hatched fry  cannot cope with high 

velocity flows (Barry Nehring informed me that the 1983 year-classes of 

brown and rainbow trout were essentailly  lost due to the 1983 flood 

flows). Thus, the 1981 flow produced strong year-classes fo r both brown 

and rainbow trout.

Brown trout spawning during October, 1981, spawned a t stable flows 

from 412 - 695 cfs. On November 3, flow suddenly dropped to 65 cfs 

(ll.S.G.S. records are averaged for a 24-hour period and i t  is l ik e ly  that 

no flow occurred at some time on November 3 .) .  This rapid drop in flows 

would have stranded and dewatered the eggs in the nests. Although, as 

mentioned, eggs can withstand dewatering, cold temperatures lik e ly  

froze the eggs causing high m ortality . Flows from 104 to 130 cfs 

occurred on four other days in November, which probably sealed the fate  

of the 1982 brown trout year-class. From April 1-15, 1982, rainbow trout 

in it ia te d  spawning a t flows between 588 and 714 cfs. Flows dropped to 

187 cfs on April 20 and 197 cfs on April 27. Nehring and Anderson (1983) 

reported personal observation of nests stranded above the waterline and 

the demise of the 1982 year-class of both rainbow and brown tro u t.

Thus, i t  is possible to postulate an ideal flow regime for brown 

and rainbow trout natural reproduction in the Gunnison. The relationships  

between spawning, incubation, and hatching-emergence and flows demonstrate 

that a fte r October (brown trout spawning), flows should not fluctuate  

d ras tica lly . A minimum instantaneous flow of 200 cfs should maintain 

a water surface level over v ir tu a lly  a ll spawning sites where spawning 

occurred a t about 400 - 800 cfs flows. A low flow (ca. 200 cfs) is ideal 

for emergent fry  with th e ir  in a b ility  to cope with high velocity flows.
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The Gunnison drainage captured by the Curecanti impoundments is  

characterized by high variation in annual runoff. Despite the s tab iliz in g  

e ffec t of regulation, the annual flow regime expressed in to ta l annual 

volume (acre fe e t) ,  average monthly, and average da ily  flow, has 

exhibited considerable variation since regulation began in October, 1965. 

The empirical evidence demonstrate that most years of flow regulation 

have produced adequate to good spawning success fo r brown and rainbow 

tro u t, but rapid declines in flow during incubation or high flood flows 

during hatching and emergence can ob lite ra te  year-classes.

The year-round diversion of 1000 cfs through the diversion tunnel 

is predicted to have a beneficial impact on the brown and rainbow trout 

because i t  w ill maintain flows in the optimum range fo r trout habitat 

(200-600 cfs) fo r a greater part of the year and w ill not deplete flows 

below 200 cfs. The increased diversion would also reduce the rate or 

proportion of flow change. For example, a present change from 1500 cfs 

to 200 cfs during a b rie f period in the November - March period would be 

only a 500 to 200 cfs reduction with year-round diversion.

The benefits to trout spawning success by u t il iz in g  the Gunnison 

tunnel to d ivert water beyond the irr ig a tio n  season was previously 

recognized by W iltzius (1978) who suggested that water could be diverted 

through the tunnel during the normally high flow months from November 

through March to benefit brown trout spawning and diversion could be 

increased (above present diversion rate) from April through June to 

benefit rainbow trout spawning. Further optimization is possible i f  

the timing of the annual "shutdown time" for canal maintenance is 

scheduled to a period recommended by the Division of W ild life , and i f
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the Bureau of Reclamation avoids rapid short-term fluctuations in 

release from Crystal Dam, with special attention given to stable flows 

during egg incubation-emergence periods.
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