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EXECUTIVE SUMMARY

This study, conducted from 1996 to 1998, estimates fish entrainment into the Intake
Irrigation Canal (Intak~ Canal), Montana, and provides baseline fishery data on the Lower
Yellowstone River. This information is critical for any future canal headwork modifications.

Initially nets were designed in 1996 specific for the study site, and sampling of fish
entering the canal at the headworks began in June 1996. More intense sampling occurred in
1997 with frequent netting over the irrigation season and for eight 24-hour periods. In 1998, data
on all species were collected over the irrigation season, but maintaining live collection of
sturgeon chub was emphasized. The sturgeon chub were used for reintroduction in native waters
and as brood stock for culture facilities. Debris entrained was frequently quantified during 1996
and 1997, and is available for incorporation into possible future screen designs and debris
handling equipment. .

The Intake Canal is unscreened, and relatively large flows from the Yellowstone River
into the canal exceed 1550 cfs from mid-May to mid-September. The diversion is controlled
through 11 sluice condUits, and fish enter these because they are unscreened. Potentially
significant fish entraintnent from the Yellowstone River had not been estimated. This study
provides those importall1t values. Estimates were obtained by collecting all fish from 2 to 4 of the
11 conduits with fyke lIlets set in the flows. During 1996, netting techniques were tested and
refined using two condJuits. Over the irrigation season in 1997, a total of 8,374 fish was netted.
Included in this 1997 sampling were 8 days of24 hour sampling, as well as a tagging program
where 975 netted fish received Floy tags and were returned to the canal. The fish were tagged to
determine recapture fattors for more accurate entrainment estimates. Thirty-four species were
sampled; 25 were native species. Native species-stonecat, flathead chub, sturgeon chub,
goldeye and sauger---oomprised the highest numbers collected. Average entrainment in 1996
and 1997 was 1.75 and 0.99 fish per acre-foot, respectively. Entrainment rates of individual
species varied with month, time of day, and turbidity, over the irrigation season when with
entrainment flows into' the canal were relatively constant. Diel differences in entrainment for
many of the native fish were most pronounced later in the irrigation season when river clarity
increased.

The 1998 entrainment netting collected 4,529 fish which included 744 sturgeon chub.
About 400 of these sturgeon chub were transported live to restocking or culture facilities. Sauger
were the most frequent species encountered. Surprisingly, shovelnose sturgeon accounted for a
noticeable high perceIlltage (8 percent) offish in 1998.

Estimates oftol\:al entrained fish were extrapolated from monthly average entrainment
rates summarized ovet the irrigation season. The total estimated number of entrained fish in
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1996 was 537,459 ± 198,908. Estimates of total fish entrained in 1997 and 1998 were 382,609
± 24,487and 809,820 ± 154,000, respectively. The Lower Yellowstone River appears to be a
highly productive system, in spite of entrainment at Intake Canal and other irrigation facilities.
Fish numbers in the river remain large.

'",-, Reducing the entrainment of fish into Intake Canal could be accomplished by one or more
of the following:

.. Relocating the intakle area away from the shore toward the center ofthe river.

.. Placing louvers and positive barrier screens either in the river at the Intake headworks or
within the canal.
.. Installing a device to move upstream migrating fish away from the bankline and the headwork

mouth of Intake.

Screening within the river, proximate to the Intake Canal headworks, should be modular
and designed for seasonal removal to avoid winter ice damage. Effective within-canal screening
must include a by-pass system to return fish to the river and be designed to minimize predation.
Other techniques, such as sound, lights, or electricity -singly or in combination with other
methods- could guide fish away from the canal and reduce entrainment.

-11-



Table of Contents

EXECUTIVE SUMMARY i

INTRODUCTION .. ~ 7

METHODS AND MA):'ERIALS 8

1996 RESULTS " 13

1997 RESULTS 17
Monthly entrainment 20
1997 Tagging results 23
Turbidity .. 24
River Flows 25
Individual Fish Species Results - 1997 26

1998 RESULTS 40

DISCUSSION 47
Fish Entrainment and Yellowstone River Flows 49
Fish Entrainm~ntReduction 53

ACKNOWLEDGMENTS 55

LITERATURE CITEn 56

APPENDIX 57

Tables

Table 1 List of fishes Collected at Intake Diversion, Montana (1996, 1997, and 1998) .... 12

Table 2 Estimated entrainment rates of all species collected in1996 at Intake Canal. Rates are
in fish per acre-foot with the standard error of the daily mean in parenthesis. The last
row represents estimates of the monthly total acre feet passed into the Intake Canal
using staffgauge readings in the canal " 15

Table 3 Summarized length and weight measurements of fish from1997, Intake Canal. .. 19

Table 4 Estimated entrainment rates (fish per acre-foot ± one standard error of the mean) from
fish collected in 1997 at Intake Canal. The last row provides monthly estimates of
total acre feet passed into the Intake Canal 21

-111-



i

Table 5 Percentageoftagged fish re-collected at each net during 1997. . 23

Table 6 Estimated entrainment rates (fish per acre-foot ± one standard error of the mean) from
fish collected in 1998 at Intake CanaL The last row provides monthly estimates of
total acre feet passed into the Intake CanaL 42

Figures

Figure 1 Schematic of netting apparatus and cable guide placement Intake Canal, Montana
used over 1996-1998 9

Figure 2 Percent composition of the fish collected with entrainment nets in the Intake Canal,
1996 13

Figure 3 Percent composition of the 6 dominant fish and other fish collected with entrainment
nets at Intake Canal 1996 16

Figure 4 Species composition of the collected entrained fish during the entire 1997 irrigation
season, Intake Canal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Figure 5 Species composition of fish collected from Intake Canal, 1997 18

Figure 6 Results of fish collected with entrainment nets, tagged, and released back into Intake
Canal durimg the 1997 irrigation season 24

Figure 7 Flows in the Yellowstone River at Sidney, Montana from May 15 to September 30,
1996,1997 and 1998 26

Figure 8 Length-weight relationship and length frequency of stonecat collected in 1997 in the
Intake Canal 27

Figure 9 Length-weight relationship and length frequency of flathead chub collected in 1997 in
the Intake Canal 28

Figure 10 Length-weight relationship and length frequency of sturgeon chub collected in 1997
\ in the Intake Canal. . 39
.l.,..-i

I Figure 11 Length-weight relationship and length frequency of goldeye collected in 1997 in the
i
I Intake Canal. 3°-

-lV-



\

.:.-'

I

'.....-

Figure 12 Length-weight relationship and length frequency of sauger collected in 1997 in the
Intake Canal 31

Figure 13 Length-weight relationship and length frequency oflongnose dace collected in 1997
in the Intake Canal 32

Figure 14 Western SiJvery Minnow and Eastern Plains Silvery Minnow grouped together and
their length~weightrelationship and length frequency collected in 1997 from the
Intake Canal 33

Figure 15 Longnose sucker length-weight relationship and length frequency collected in 1997 in
the Intake Canal 34

Figure 16 Carp length-weight relationship and length frequency from fish collected in 1997 at
the Intake Canal, Montana 35

Figure 17 Length-weight relationship and length frequency of drum collected in 1997 in the
Intake Canal 36

Figure 18 Length-weight relationship and length frequency of channel catfish collected in 1997
in the Intake Canal 37

Figure 19 Length-weight relationship and length frequency of river carpsucker collected in 1997
in the Intake Canal 39

Figure 20 Species composition of the fish collected with entrainment nets at Intake Canal,
Montana, 1998. . 41

Figure 21 The relative percentage offish collected by night and day from June 1998 in the
Intake Canal, Montana.. . 44

Figure 22 Estimated total numbers of sturgeon chub entrained by month over the1998 irrigation
year 46

Figure 23 Estimated total numbers of sauger entrained by month over the1998 irrigation year 46

Figure 24 Total fish entrainment estimates for 1996 and 1997 calculated monthly from averaged
daily entrainment rates and Intake canal flows.. . 48

Figure 25 Total fish entrainment estimates for 1998 calculated monthly from averaged daily
entrainmeIllt rates and Intake canal flows 49

-v-





,

~ ,
Table 1. List of fishes collected at Intake Diversion, Montana (1996, 1997, and 1998)

Common name Scientific name Family Native

\
I

L

Goldeye
Shove1nose Sturgeon
Common Carp
Western Silvery/Plains Minnow*I
Brassy Minnow
Sturgeon Chub
Sicklefin Chub*
~merald Shiner
Spottail Shiner
Fathead Minnow*
Longnose Dace
CreekChub*
Flathead Chub

River Carpsucker
Longnose Sucker
White Sucker
Blue Sucker
Smallmouth Buffalo
Bigmouth Buffalo
Shorthead Redhorse

Black Bullhead
Channel Catfish
Stonecat
Paddlefish @

Hiodon alosoides
Scaphirynchus platorynchus
Cyprinus carpio
Hybognathus argyritis/placitus
Hybognathus hankinsonidae
Macrhybopsis gelida
Macrhybopsis meeki
Notropis atherinoides
Notropis hudsonius
Pimephales promelas
Rhinichthys cataractae
Semotilus atromaculatus
Platygobio gracilis

Carpiodes carpio
Catastomus catostomus
Catostomus commersoni
Cycleptus elongatus
letiobus bubalus
Ictiobus cyprineUa
Moxostoma macrolepidotum

Ameiurus melas
letalurus punctatus
Noturus flavus
Polydon spathula

Hiodontidae x
Acipenseridae x
Cyprinidae
Cyprinidae x
Cyprinidae x
Cyprinidae x
Cyprinidae x
Cyprinidae x
Cyprinidae
Cyprinidae x
Cyprinidae x
Cyprinidae x
Cyprinidae x

Catostomidae x
Catostomidae x
Catostomidae x
Catostomidae x
Catostomidae x
Catostomidae x
Catostomidae x

Ictaluridae
Ictaluridae x
Ictaluridae x
Polyodontidae x

Esox lucius
Oncorhymchus mykiss
Salmo trutta
Prosopium williamsoni
Coregonus artedii
Lota Iota
Culaea inconstans
Lepomis cyanellus
Pomoxis annularis
Stizostedion canadense
Stizostedion vitreum
Aplodinotus grunniens

Northern Pike
Rainbow Trout*
Brown Trout*
Mountain Whitefish*
Cisco @

Burbot
Brook Stickleback*
Green Sunfish
White Crappie
Sauger
Walleye
Freshwater Drum

* only collected in 1997
/ may have been identified as flathead chub in 1996

@ only collected in 1998
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~socidae

Salmonidae
Salmonidae
Salmonidae x
Salmonidae
Gadidae x
Gasterosteidae x
Centrarchidae
Centrarchidae
Percidae x
Percidae
Sciaenidae x



1996 Results

In 1996, two nets collected 2931 fish representing 27 species. Flathead chub (Figure 2)

made up the largest percentage, followed by stonecats and sturgeon chub. Sauger and channel

catfish were the only two game fish commonly encountered (14.4 and 10.5 percent respectively,

Figure 2). Sauger we~e collected primarily during July and August- their highest entrainment

rate on August 10th. Iptake canal flows were relatively constant near 1350 cfs (cubic feet per

second) while the river stage fluctuated over the season.

1996 SPECIES COMPOSITON· LOWER YELLOWSTONE IRRIGATION CANAL

ENTIRE IRRIGATION SEASON

n = 2931

\
1--.
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/
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OTHERS
9.8%
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LONGNOSE DACE

MISCELLANEOUS

WALLEYE
BLACK BULLHEAD
BRASSY MINNOW
WiITE SUCKER
BLUE SUCKER
BLACK CRAPPIE
GREEN SUNFISH
NORTHERN PIKE
SMALLMOUTH BASS
EMERALD SHINER
SPOTTAIL SHINER

Figure 2 Percent composition of fish collected with entrainment nets in the Intake Canal,
1996.
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Differences we;re noted between catche~ by the two nets; east net (furthest down stream

along the face of the headworks) averaged about two times more fish. Shovelnose sturgeon were

the only species collected most in the west net. Total fish entrainment averaged 1.75 fish per

acre-foot. This calculation was derived from averaging the rates between both nets over the

entire 1996 sampling Season. Table 2 presents the monthly average entrainment rate calculated

for each species of fish collected and the estimated water passing into the canal.

Over the 1996 irrigation season, the species composition changed. Figure 3 provides

composition difference:s for the six most common species (stonecat, channel catfish, flathead

chub, goldeye, sturgeon chub, and sauger) and others. The dominant fish by month were

stonecats in June, sauger in July, flathead chub and sturgeon chub in August, and channel catfish

and others in September.
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Table 2. Estimated enJt:rainment rates of all species collected in 1996 at Intake Canal. Rates are
in fish per acre-foot with the standard error of the daily mean in parentheses. The last row
represents estimates of the monthly total acre feet passed into Intake Canal from staff gauge
readings in the canal.

Species June July August September

Stonecat 1.468 (±O .407) 0.0159 (±0.O122) 0.0418(±0.0414) 0.250(±0.169)

Flathead chub 0.522(±0.117) 0.144(±0.009) 0.401(±0.104) 0.138(±0.042)

Sturgeon chub 0.270(±0.089) 0.0215(±0.0165) 0.363(±0.378) 0.009(±0.004)

Goldeye 0.521(±0.120) 0.088(±0.002) 0.030(±0.0177) 0.0217(±0.0074)

Sauger 0.O36(±0.018) 0.589(±0.031) 0.362(±0.058) 0.0411(±0.0294)

Longnose Dace 0.O244(±0.0105) 0.0 0.102(0.059) 0.029(±0.0120

Longnose Sucker 0.O32(±0.010) 0.0 0.0146(0.0042) 0.0149(±0.009)

Carp 0.O142(±0.0097) 0 0.0014(0.0011) 0.020(±0.008)
,

Drum 0 0.137(±0.025) 0.129(±0.0189) 0.0187(±0.005)

Channel Catfish 0.O09(±0.014) 0.300(±0.104) 0.0268(±0.0137) 0.415(±0.259)

Bigmouth Buffalo 0.003(±0.001) 0.0734(±0.003) 0.002(±0.0032) 0

Burbot 0,154(±0.035) 0 0.0011(±0.001) 0.017(±0.007)

River Carpsucker 0 0 0.003(±.001) 0.019(±0.0102)

Shovelnose sturgeon 0.005(±0.004) 0 0.008(±0.003) 0.020(±0.008)

Walleye 0' 0 0.004(±0.003) 0.002(±0.001)

White Sucker O,O05(±0.002) 0 0.0018(±0.001) 0

Shorthead Redhorse 0, 0.017(.006) 0.037(±0.009) 0.009(±0.005)

Emerald Shiner 0' 0 0.007(±.003) 0

BrassyMinnow 0.015(±0.011) 0 0.005(±0.002) 0

Black Crappie 0.005(±0.005) 0 0.001 (±0.0008) 0.007(±0.004)

Green Sunfish U 0 0.001(±0.001) 0.004(±.003)

Smallmouth bass 0: 0 0 0.001(±.001)

Northern pike 0 0 0.001 (±O.0007) 0.001 (±.0007)
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Species June July August September

Unidentified small 0 0 O.O38(±.O40) O.171(±O.O93)

Spottail Shiner 0, 0 O.OO2(±O.OO1) O.OO4(±O.OO2)

Black Bullhead 0 0 0.0007(±.008) 0

Total Fish 3.095 (±0.262) 1.388 (±0.302) 1.586 (±0.221) 1.218 (±0.255)

Monthly 74,443 81,843 82,409 51,394

Estimated acre-

feet J

1996 SPECIES COMPOSITION

LOWER YELLOWSTONE IRRIGATION CANAL

,L'

0.31%

17.81%

20.48%

JUNE

9.23%

1.09% .

, 8.59%
17.19% AUGUST

1.84%
2.45%

JULY

L-I

Fi!JSTONECAT _CHANNEL CATFISH EZIFLATHEAD CHUB IIIIIGOLDEYE IiIIIIIISTURGEON CHUB
I!!!ISAUGER DOTHERS

Figure 3. Percent composition of the six dominant fish and other fish collected with
entrainment nets at Intake Canal 1996.
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1997 Results

There were 34 species collected in 1997 from May 21 through September 11 with four or

fewer nets sampling the Intake Canal at a time. Of the total 7,980 fish collected, 39.5 % were

stonecat. Other fish collected in relatively high numbers include flathead chub (16.7%),

.sturgeon chub (12.7%), goldeye (8.5%), and sauger (6.2%). A daily average entrainment rate of

0.99 fish per acre-foot was calculated for the entire irrigation season. Species composition,

presented in Figure 4, shows the great diversity of fish entrained.

1997 SPECIES COMPOSITON· LOWER YELLOWSTONE IRRIGATION CANAL

ENTIRE IRRIGATION SEASON
n =7980

STONECAT
39.5%

i
L...

GOLDE
8.5%

Wi L%WnW8tniiiii'H@) BLUE SUCKER 0.5%

CARP 1.5%

BIGMOUTH BUFFALQ 0.8".1.

CHANNEL CATFISH 1.2%

DRUM 1.2%

BURBOT 0.7%
0.11%

RIVER CARPSUCKER
SHOVELNOSE STURGEON

0.5%

MISCELLANEOUS 1.9%

STURGEON CHUB
12.7%

WALLEYE
BLACK BULLHEAD
BRASSY MINNOW
FATHEAD MINNOW
WHITE SUCKER
SMALLMOUTH BUFFALO
SHORTHEAD REDHORSE
RAINBOWTROUT
BROWN TROUT

'M-lITE CRAPPIE
GREEN SUNFISH
NORTHERN PIKE
MOUNTAIN WHITEFISH
SICKLEFIN CHUB
CREEK CHUB
EMERALD SHINER
SP01TAIL SHINER
BROOK STICKLEBACK

Figure 4. Species composition of the entrained fish collected during the entire 1997 irrigation
season, Intake Canal

Over the 1997 irrigation season, the species composition changed and these changes are shown in

Figure 5 for the five most common species (stonecat, flathead chub, goldeye, sturgeon chub, and
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sauger) and all others grouped into one. Stonecat were the dominant fish in June, sauger in July,

flathead chub and sturgeon chub in August, and flathead chub the dominant species in September.

1997 SPECIES COMPOSITION

LOWER YELLOWSTONE IRRIGATION CANAL

0.56%
5.77%

MAY

AUGUST

JUNE
0.15%

JULY

SEPTEMBER

Ei1JSTONECAT BlSAUGER ~FLATHEAD CHUB

• STURGEON CHUB IIIGOLDEYE DOTHERS

Figure 5. Species composition offish collected from Intake Canal, 1997

Table 3 surrulnarizes the lengths and weights ofmost of the species of entrained fish from

1997. Not all fish were weighed and therefore the number offish weighed (Table 3) is usually

less than the number measured.
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Table 3. Summarizedllength and weight measurements offish from1997, Intake Canal.

F IS H COL LEe TED FRO M SIEVE NET SAT IN TAKED IV ERS 10 N I 1 997

, TOT ALL ENG TH (01 01 1 WE IG HT (g)
SPECIES

N RANGE MEAI\I II RA IJ GE MEAN

STOIHCAT 3134 30·224 129 4I 2 1·138 25

FLATHEAD CHUB 1327 32·282 147 1111 1·202 35

STURGEON CHUB 984 32-93 69 819 0.3-7.3 2.4
GOLDEYE 673 36·405 309 615 0.1·450 238
SAUGER 493 42·544 309 473 1-983 '"~..:..:.

LOt·IGNOSE DACE I 241 34·95 63 125 0.2·8.3 2.5

WESTERi] SILVERY MIIHIOW 227 30·120 72 139 0.1·137 3.4
Lor··IGI;JOSE SUCKER I 45 45·405 304 I 16 0.4·698 359
CARP 121 2 1-6 72 313 96 0.5·4070 999
DRUM 98 65·446 271 98 I -I 094 254
CHAf'JtH L CATF IS H 94 50·621 256 86 1·2350 2 I 6

BIGMOUTH BUFFALO 65 61)·69 I 99 18 O. I ·4265 463
BURBOT , 61 80·4 46 219 27 3·370 7 I
RIV ERCA RPSUCKl! R 59 41·5 27 239 34 3-2060 821

SHOVEUJOSE STURGEON 44 390-923 634 44 86-2740 850
BLUE SUCKER 41 305·851 632 36 248-4080 201 I

'N HIT E SUCKER 25 30-433 235 13 4-530 286

SHORTHEAD RED H' 0 RSE 22 5 1·370 187 19 1·560 152

CREEK CHUB 2I 23 -124 79 I 4 1·18 7

EMERALD SH IIHR . t 7 42-95 57 I 4 0.5·2.9 I .4

BRASSY MINNO'N 10 46-120 71 0

RAllaO'N TROUT 9 201 ·5 t 8 353 4 I 110·1 120 \ t 18

'NALLEYE 9 266·370 327 8 154·900 345,
SMALLMOUTH BUF'FALO 6 275-640 493 5 290·2940 t 84I
BROOK STICKLEBACK 4 32·39 37 2 0.2·0.4 0.3

WHITE CRAP PIE 4 3 4-I 23 87 1 ".:..:.
BLACK BULLEAD I

3 t 25·191 1I) 3 I 102

NORTHERil PIK E 3 383-580 504 3 308-1005 796
BROWN TROUT 2 169·494 332 1 1070

SICKLEFIII CHUB 2 95·102 100 2 6· to 8 ')

FATHEAD MII\J NOW 2 28·45 37 0

SPOT TAIL SHIIJ ER 1 84 I 3.9
GREEN SUIHISH 1 39 t 1.1

M0 UIn A IN 'N HITE ~ IS H I 100 1 7.4
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Monthly Entrainment

The daily average entrainment was calculated for each collection period and averaged by

month for each species, similar to 1996. Table 4 lists monthly rates of entrainment for each

!~ species. This rate multiplied by the monthly acre feet in the canal estimates entrained fish

numbers. These numbers should not be used for extrapolation to riverine population estimations.

Fish densities in the diversion dam area and near the shore line are unnaturally high and most

likely not representative of those in the river. May and September canal flows (acre-feet) take

'-- into account less than afull month of irrigation water in the canal.
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Table 4. Estimated entrainment rates (fish per acre-foot ± one standard error of the mean) from
fish collected in 1997 at Intake Canal. The last row provides monthly estimates oftota1 acre feet
passed into the Intake Canal.

Species May June July August September

Stonecat 0.497 0.411 0.246 (±0.0559) 0.174 o.002(±0.002)
(±0.098) (±0.063) (±0.0403)

Flathead chub 0.040 0.117 0.160 0.267(±0.032) 0.904(±0.509)
(±O.008) (±0.0151) (±0.025)

Sturgeon chub 0.0136 0.106 0.125(±0.036) 0.463(±0.123) 0.043(±0.013)
(±O.004) (0.0204)

Go1deye 0.015 0.0318 0.120 0.166 0.010(±0.006)
(±0.005) (±0.0061) (±0.024) (±0.0221)

Sauger .004(±0.0 .0026 0.045(±0.010) 0.112(±0.040) .067(±0.034)
009) (±0.0016)

Longnose Dace .020(±0.0 0.047 0.0365(±0.012) 0.0103(±0.00 0
04) (±0.007) 4)

Longnose Sucker 0.p18 0.019 0.016(±0.005) 0.009(±0.004) 0
(±0.005) (±0.0052)

Carp 0.004 0.017 0.014(±0.0.04) 0.030(±0.008) 0.016
(±0.001) (±.003) (±0.005)

Drum 0 0.002(±.002) 0.013(±0.005) 0.018(±0.005) 0.011(±0.007)

Channel Catfish 0 .002(±.002) 0 0 0

Bigmouth 0.001 0.006 0.018(±.008) 0.001(±0.001) 0
Buffalo (:±to.0009) (±.002)

Burbot 0.017 0.008 0.004(±0.001) 0.001(±.001) 0
(±0.003) (±.002)

River Carpsucker 0.~01O 0.003 0.010(±0.003) 0.002 0.002(±.002)
(:1:0.0019) (±0.002) (±0.0015)

Shovelnose sturgeon 0 0.002(±.002) .0007(±.0005) 0.005(±0.002) 0.057(±.040)

Walleye 0.0008 0.0025 0.0009 0.003(±.0023) 0
(:1;:0.0008) (0.002) (0.0007)

White Sucker .O08(±.00 .006(±.004) .0003(±.0002) .004(±0.002) 0
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Species May June July August September

Shorthead 0.002 0.005 0.002( ±.0008) 0.004(±.002) 0.004(.004)
Redhorse (±.001) (±.003)

Emerald Shiner 0 0.002(.002) 0.0072(0.004) .0004(0.0004) 0

Brown Trout 0.0007 0.002 0 0.0008 0
(±O.0007) (±0.0016) (±.0008)

Rainbow Trout 0.004 0.002 0 0 0
(±0.0019) (±0.002)

White Crappie 0 .002(±.0019) 0 0.0003(.0003) 0

Green Sunfish 0 .002(±.002) .0004(±0.0004) 0 0

Smallmouth 0 .002 ±(.002) .0046(±0.004) 0 0
Buffalo

Northern Pike 0 0.0016 .0006(±O.0004) 0 0.003
(0.0016) (±0.0029)

Mountain 0 .0016(±.0016) 0 .0012(±0.0012) 0
Whitefish

Spottail Shiner 0 .0016(±.0016) O.0004(.0004) 0 0

Sicklefin Chub 0 0.0016 0.001(±0.0008) 0 0
(±0.0016)

Creek Chub 0.:0019 0.0032 0.005 0 0
(±0.0013) (±0.0019) (±0.0026)

Silvery Minnow .0'1O(±0.001 0.030 0.053 (± 0.017) 0.012(±0.004) 0
4) (±.007)

Blue Sucker 0~005 0.007 0.008 0.006 0
(±0.0018) (±0.0023) (±0.0037) (±0.004)

Fathead Minnow 0 .002(.002) .0004(±0.0004) 0 0

Black Bullhead 0.0003 0.002 0 .0006(±0.OOO6) 0
(±0.0003) (±0.0017)

Total Fish 0.678 0.766 0.910(±.096) 1.58(±0.150) 1.16(±0.430)
(:!t;0.099) (±O.093)

Monthly 50536 101085 80160 108848 65595
Estimated acre-
feet
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L 1997 Tagging Results

In 1997, there were 975 tagged fish netted and returned into the canal; 51 were recovered.

L

Stonecat represented the fish most tagged and recovered (i.e., 19 recovered out of367 tagged).

For all fish, time until recapture ranged from less than 1 hour to 336 days (two sauger were

recaptured in springI998). This indicates some degree of survival in the canal over winter and/or

recapture of a tagged fish by-passed to the river at a turnout, and then recaptured from the river in

1998. During periods of lower irrigation needs, the Intake Canal does return some water to the

river at Burns Creek about 8 miles down canal and at locations further down.

Tagging results from each net over the season are presented in the Table 5. The nets

represent an upstream to downstream gradient of sluice sampling. This table presents each net

and the corresponding percentage tag returns.

Table 5 Percentage of tagged fish re-collected at each net during 1997.

Blue West Net Yellow West Net Blue East Net Yellow East Net

31% 6% 18% 45%

I

L

The most eastwardly l~cated net (yellow east) collected the most recaptures. This net had a large

gyre ofwater behind it in the canal for most of the irrigation season. Its circular flow could have

repositioned entrained fish into the narrow (tapered) space between the net mouth and the

concrete headworks face. Fish were shown to be subject to recapture as an artifact of the tapered

gap between the headworks dam and the net mouth. Therefore, fish were tagged to determine

whether they'were recaptured in nets after release in the canal and, if so, to account for recapture

when estimating entrainment rates. Figure 6 shows the percent of tagged fish recaptured from the

canal by species. Incorporating recaptures provides a more accurate estimate of entrainment when

used with tagged species. As an example, 11% ofthe tagged burbot were recovered, therefore a

L factor of 0.89 results, which is multiplied by the estimated burbot entrainment. A value of 0.95

was used for total fish entrainment estimations. This was obtained by calculating the mean of all

tag return factors.
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L

L

PERCENT RECAPTURED FROM INTAKE CANAL

SPECIES (# FISH TAGGED)

BURBOT (18)
BLACK BULLHEAD (1)

BIGMOUTH BUFFALO (3)
BROWN TROUT (1)

CARP (32)
CHANNEL CATFISH (24)

FRESI-MIATER DRUM (19)
FLATHEAD CHUB (127)

GOLDEYE (137)
LONGNOSEE SUCKER (73)

NORTHERN PIKE (1)
RIVER CARPSUCKER (12)

STONECAT (367)
SAUGER (95)

SMALLMOUTH BUFFALO (5)
WALLEYE (4) .

WHrrlE SUCKER (11)

TOTAL (957)

o 5 10 15 20 25 30

Figure 6. Results of fish collected with entrainment nets, tagged, and released back into Intake
Canal during the 1997 irrigation season.

Turbidity

Turbidities varied over the irrigation season, and exceeded highest values on the turbidity
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meter. Highest average turbidities were in June, and all exceeded the 1000 NTU (Nephelometric

Turbidity Unit) maximum value ofthe meter. Appropriate dilutions were made to allow meter

readings, and turbidities of 1230 to 2600 NTU were estimated. Average turbidity during the

sampling in May was 156 NTU, in July was 338 NTU, in August was 596 NTU, and in

September was 25 NTU.-

River Flows

The Yellowstome River generally peaked in June at Intake Dam in 1996, 1997, and 1998

had a protracted runoff and peak flows in July. In 1997, peak flows reached nearly 90,000 cfs. A

gap in the 1997 flow data occurred during the rising spring flows because high water and debris

disabled the gauge station. Low spring flows in 1998 resulted in a low water year. Figure 7

presents the flows over the irrigation season for the three years. In all years sampled, flows in the

river decreased to base flow- 6500 to 8000 cfs- by the end of September.
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