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Abstract:

The relationship between legal game fish loss and various physical characteristics of canal intakes was
investigated on twelve irrigation diversions of the West Gallatin River, Montana during the summers of
1951 and 1952. The physical characteristics considered were: headgate location, construction and
manipulation; intake velocity, volume, gradient, width, depth and angle with river; location of intake in
relation to river flow, amount of water diverted in comparison to the amount retained by the river,
diversion dams, bottom types and cover. No correlation was apparent between legal game fish loss and
location, construction or manipulation of headgates and the linear regression of fish loss on velocity,
gradient, width or depth of intakes did not prove significant by the analysis of variance test. The
regression of fish loss on the angle of the intake with the river or the amount of cover at the intake and
adjacent river area did not prove significant and bottom types in the intakes and adjacent river areas or
the existence of diversion dams at the intake had no observable influence on fish loss. Legal game fish
loss was highest in canals with the higher volumes of flow and in those with intakes' located on river
bends and the highest loss in 1952 was sustained by a canal into which all but a negligible amount of
water was diverted from the river.
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ABSTRACT

. The relationship between legal game fish loss and various physical
characteristics of canal intakes was investigated on twelve irrigation
diversions of the West Gallatin River, Montana during the summers of -
1951 and 1952. The physical characteristics . considered were: headgate
location, construction and manipulation; intake velocity, volume, gradi-
ent, width, depth and angle with river; location of intake in relation to
river flow, amount of water diverted in comparison to the amount retained
by the river, diversion dams, bottom types and cover. No correlation was
apparent between legal game fish loss and location, construction or ma-
nipulation of headgabes and the linear regression of fish loss on veloci-
by, gradient, width or depth of inbakes did not prove significant by the
analysis of variance test. The regression of fish loss on the angle of
the intake with the river or the amount of cover at the intake and ad~
Jacent river area did not prove significant and bottom types in the in-
takes and adjacent river areas or the . existence of diversion dams at the
intake had no observable influence on fish loss. Tegal game fish loss
was highest in canals with the higher volumes of flow and in those with
intakes -located on river bends and the highest loss in 1952 was sustained
by a canal-into which all but a negllglble amount of water was dlverted
from the river.
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~ INTRODUC TION

Numeroﬁs qfforts have been made in the United States to prevent fish
léssfin irrigation diversiéns. One of the earliest attempts was on Cal-
déﬁia Creek, New York (Leitritz, 1952) in 1865. The most intensive
effort has probably been in-Célifornia (Wales, 1918; Leitritz, 1952)
where a large number of ditches have been screened. o )

A fish screening.policy was adopted in Montana in 1893 but was dis-
contimied in 1897 (Clothier, 1953a) and the maintenance of screens was
. abandoned by the Fish and Gamé.D;partment in 1942 (Montana Fish and Game
Department, 1942). Most of the work has'beenvdirected toward the de-
velopment of figh screens which are known to be effective, but the cost
of installation and maintenance has limited their use. |

Clothier (1953a) reported a variation iﬁ ﬁhe fish loss - between
irrigation diversions of the West Gallatin Rivef; He also found much
diversity in the physical characteristics of the canals. -The present
sﬁudy deals with the relationship between the physical characteristics
of canal intakes and fish loss. If é relationship exists,_then feasible
alterations of existing and proposed diversions might reduce fish losses.
The U. S. Fish and Wildlife Servide and the Montana Fish and Game Depart-~
ment (1952) in a joint report on the Pishkun Supply Canal, suggested that
" the design, location and operation of canal headings,may have a direct
.erfect én fish loss. The present investigation was conducted June

. through October, 1951 and 1952.




-5>-

T.IS-R5E
o—
canal
T.2S-R.3E T.2S-R.4E T.2S-R.5E
T.3S-R.4E T3S-R5E
SCALE IN MILES
Figure I. A 20-mile section of the Vfest Gallatin River,

showing the 12 canals studied
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" General Descﬁiption of the Study Area

A rather complete description of the West Gallatin River and the
diversione wee gi&en by Clothier (1953a).,,0f the 52.diversions en_the
West Gallatiﬁ, nine (Figure 1) were selected for_eﬁudy in 1951. These
were as follows: Kieinschmidt, Highline, Lowline; Keughen, Beck and
Border, Creamery, Clark, Gillmore-Todd and Cockrill. In 1952, the
. Mamimoth, Noble and Bept—Mb Culloch ditches were included in addition
and the Gillmore-Todd was deleted since access wes not pe?miﬁted.

. - METHODS

Stations were established at compareble locations near the head.of
each canal intake and velocities, depths,_Widths,and_gradients were taken.
A detailed map of the intake and adjacent river area ﬁes prepared‘fof
each of the twelve ditches (see -supplement, Figures 2-12). The canal

intake is defined as that part of an irrvigation diversion from its origin
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at the river to the first or prlmary headgate.
Observations were made on primaxry headgates in relatlon to the type
of materlals used in construction and the method of regulatlng the volume
of flow into the dlver51ons.

Velocities, volumes and gradients: Clothier (1953b) reported that

the greatest movement of fish into irrigation diversionsloccurred during
the high-water period. Intake velocitieé were taken July 7-9 (near the
end of the high-water period for 1952}. A water level station was
established in the river near the Keughen canal intake. A variation in
level of eight and one-half inches was recorded during the thqee days

. requlred to obtain the velocity readings at all statlons.

Water ve1001ty was determined by the float method CWélch 19h8)
since high water levels prevented the use of the current meter. A 25-50
foot range was established at each intake and surface floats were timed
from the upper fo the lower end of the range;, Three readings were taken . .
at each station and the average velocity determined. A comparison was
.made between velocities taken by the floalt method and by a Ieupold and
Stévens "Midget Current Meter" when levels permitted. In these compari-
sons, the float method showed higher velocities in all cases with a per-
centage difference‘ranging from 10 at the iower velocities to 23 at the
higher: the average was 16.6. '

| Information on volume of flow was secureé from the river commission-
er and the decreed rights (cubic feet per second) were used fér'the study

of.the-relationship between -fish loss and volume. -Gradients were deter-
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. mined at each canal intake by the use of a hand level.

Widths and depths: In 1952, average widths and depths gcrosé the

.canal iqﬁakes were obtained as soon aé water 1evéls permitted (July 2l
31). ihe water level fluctuation at the Keughen station during this
period was three inches. Three measurements of width were taken at each
station and the average determined. Depths were obtained by measuring
‘the distance from the water swrface to the canal bottom at each one-foot
interval of width and the average determined by totalling the readings
and dividing by one more than the number of observations.

Mégging: Piane table maps were completed during the periods .June 20-
August 21, 1951 and July 23-August 15; 1952 (supplement, figures 2—127.
Tn 1951, the angle between each intake and the river (Figure L) was

-determined. In 1952, each canal intake and the river adjacent to the

.divefsion'from 150 feet downstream to 300 feet upstream was mapped in

'§ejai1 and measurements of physical characteristics obtained. The
physical characteristics determined were as follows: 1ogati5ns of primary
headgates, location of the canal intakes in relation to the direction of

river flow, angle betweéﬁ the intake and the'riyer, bottom types, bottom
contours, bank cover and locati;n of diveréion déms if" present. |

Fish loss: .Clothier (1953a) estimated the legal game fish (tbtal
length, seven inches or over) loss iﬁ certain divérsions of the West

: éallatin River for 1951. His figures (Tabie 1) were used for the study

of ﬁhe relationship betwéen fish loss and the various physical character-

istics of the intakes for that year. He found the greatest number of




Table 1. Game fish loss and various physical characteristics of canal inbakes for 1951 and 1952.

Estimated” Estimated _“Y : Physical'Characﬁeristics

‘ : legal game game- fish "o
Name of diversion fish loss loss 1952 . o RN N
‘ : Sub- 5 8 §9 .~ o~ 8§ 9450
1951 Legal  legal 598 % 4% 8% 8% 48 of of
o No. KLbr. No. Lb.. No. Eé g:g ggj/ Eé §§ §§ ;%DE %‘”ﬁ
Kleinschmidt 5601 2271 11 3.5 Il 3.37 151 ka3 20,0 3.6 68 - 0
. Highline T 612 232 21 11,3 1 L.60  1h8 19,8 18.8 2,5 33 -- 53
Lowling 132 71 82 1.62 282 - emai B mmmi mmmm e o 33 e
Marmoth moe === 5T 224 B4 3,60 7L 15.3 1.3 3.0 2 --_ L0
Keughen 167. 4y 13 10k 3L 3.09 70 2,1 25.0 2.1 1 75 60
Beck & Border 3681 1761 22 10.0 Lk 2.37 50 5.5 L7.5 1.2 9 - 30
Noble S = e 7205 1h 2,55 23 3.2 25.0 1.2 52 == L2
Creamery Ll 33 0 0.0 1.78 20 ~=== 375 1.1 16 U6 31
Clark 77 20 19 5.9 3h .91 16 15.3 11.3 1.2 24 O .0
Gillmore-Todd’ 22 6 e emem o 15 e emem = em 0 e
Bopt-Mc Culloch = mem 1 3.3 76 2.56 12 3.2 26.0. 1.8 0 == 30
Cockrill 16 5 10 3.7 22 " 2.h7 6 1,5 19.0 1,3 3% 0 0

1 Loss 1nf1uenced by creeks entering cana_s (Clothler, 1953a)

2 Sharp reductions in rate of flow before sampling may'have influenced loss (Clothier, 1953&)
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fish in the first one-half milé of*canal. TIn 1952, 900 feet of each
canal immediatglj dowpsﬁreém from the headgate was sampled By an altep-
nating-current "shocker®. This was divided into three sections by the
use of blocking nets for convenience in sampling. A1l fish collected .
were counted, weighed and measured and the results were used for the
1952 comparisons. Very few fish smaller than three inches were included
since the net openings (one-half inch sﬁretch) were too large to retain
them. A1l diversions were sampled during the period July 1h>to August 8
except the Highline and the Lowline canals which were sampled August 21

and September 13 respectively.

PHYSICAL'CHARACTERISTICS OF CANAL INTAKES AND FISH LOSS

An attempt was made to determine what relationship, if any,'existed
between fish loss and ‘the various physical‘characteristics of canal in~
'takes. The headgate cﬁaracteristics considered were iocation, con-
struction and manipulation. The inteke characteristics were velocity,
volume, gra@ient, width, depth, location in relation to river flow; angle
with river, diversion dams, bottom types, cover.
'Headgateﬁz The primary headgates of-some canals are located directly on
the river while in others, they are at varying distances downstream. The
legél game fish loss in 1951 averaged 18.8 pounds (70.5 fisﬁ) in the..
Keughen, Clark, Gillmore-Todd -and Cockrill diversions which had headgates
on the river and 52,0 pounds (88.0 fish) in the Léwline and Creamerj"
canals which had héadgates downstream. Other ditches studied were ex- .

cluded from this comparison since loss was known to be influbnced by
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water manipulations or other causes (Clothier, 1953a). In 1952, the
legal 1bss_averaged 7.1 pounds (15.9 Pish) in the Kleinschmidt, Highline,
Mammoth, Keughen, Noble, Creamery, Bopt-Mc Culloch and Cockfill di-.
versions which have headgates on the rivér and 8,0 pouﬁds (20.5 fish) in
the-Beck and Border and Clark canals which,have headgates downstream.
The sublegal game fish loss averaged 36.8 fish in the former and 39.0 in
the latter. The loss in the Lowline ditch was not used in the 1952 com~-
parisons since water manipulations may have influenced it (Clothier,
1953a).

The headgates of some canals are constructed of concrete while
others are built of wood. In 1951, the legal—game fish loss averaged.
. 34o8 pounds (88.L fish) in the FLowline, Keughen, Creamery, Clark and
Gillmore-Todd diversiops which have headgates.constructed of concrete -
and was 5 pounds (16.0 fish) in the Cockrill canal which has a headgate
built of wood. ITn 1952, the legal loss averaged 8.3 pounds (18.9 fish)
in the Kleinschmidt, Highline, Mammoth, Keughen, Beck and Border, Cream-
er&, Clark and Bopﬁ—Mc Cuiloch diversions which have concrete headgates
and 3.1 pounds (8.5 fish) in the Noble and Cockrill canals which hévé
woodén headgates. The sublegal game fish loss averaged L2.0 fish in the
former group of diversions and 18.0 in the latter.
Water flow into each of the diversioﬁs studied is regulated by

vertical manipulation of a wooden-gaié in the headggte opening except
for one canal which is regulated by placin% planks on end from side to

i ) .
side across the opening.- In 1951, the legal game fish loss averaged
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3h.6 pounds (82.8 fish} in the Lowline, Keughen, Clark, Gillmore-Todd and
Cockrill ditches which have vertically manipulated headgates and was 33
pounds (Ll fish) in the Creamery canal which has a hofii§nta11y ﬁanipu—
lated headgate. In 1952, the legal loss averaged 8,1 pounds (18.7 fish)
in the Kleinschmidt, Highline, Mammbth, Keughen, Beck and Border, Noble,
Clark, Bopt-Mc Culloch and Cockrill diversions which have vertically :
manipulated headgates while there was no leéal loss in the Creamery canal
wﬁich has a horizontélly manipulated'headgate. The sub-legal loss aver- -
aged 32.6 fish in the former and was 79.0 in the latter.

Velocity, volume and gradient: A comparison was made between fish loss

in those diversions having above average and those having below average
velocity, volume and gradient at the intake (Table 1). In 1952; the
average velocity in all canal intakes was 3.13 feet per second. The
legal game fish loss averaged 10.7 pounds (25.5 fish} in the Kleinschmidt,
Highline, Mammoth and Clark ditches which had velocities above averége |
and 5.0 pounds (11.0 fish) in the Keughen, Beck and Border, Noble, Cfeame
ery, Bopt-Me Culloch and Cockrill canals which had velocities below aver-
age. The sublegal game fish loss averaged 2L;.8 fish in the former and.
LLi.8 in the latter.

In 1951, the average volume of flow at the headgate was L5.8 cubic
feet per second. The legal game fish loss averaged 57.5 pounds (150 fish)
in the Lowline and Keughen canals which had above average volumes and 16.0
pounds (39.8 fish) in the Creamery, Clark, Gillmore-Todd and Cockrill di-

versions which had volumes below average. In 1952, the average volume was
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57.0 cubic feet per'sebénd. The legal loss averaged 11.0 pounds (Qh.b'
fish) in the Kleinschmidt, Highline, Mammoth and Keughen canals which had
volumes above average and li.2 pounds (12.0 fish) in the Beck and Bordef; '
Noble, Creamery, Ciark, Bopt~Mc Culloch and Cockrill ditches Whiﬁh had
volumes below average. The sublegél ioss.avéraged 25,8 fish in the
former and LL.8 in the latter.

The gradients of all canal in%akes averaged 7.8 feet per mile. The -
legal loss averaged 13.1 pounds (30.3 fish) in the Highline, Maﬁmoth and
Clark diversions which had gradients above average and 5.6 pounds (12.8 |
fish} in the Kleinschmidt, Keughen, Beck and Border, 6ockrill, Noble and
Bopt-Me Culloch canals which had gradients below average. The average
sublegal loss was 30.7 fish in the former and 33.5 in the labter. The
gradient of the Creamery intake was not included due-to alteration result-
ing from highway construction. '

Width and dgpth: A comparison of fish loss in the diversions in relation

to the widths and depths across the canal intakes was made in 1952

(Tablg 1}. The average width across all canal intakes was 2L.1 feet.

The legal game fish loss averaged 5.2 pounds (11.2 fish) in the Keughen,
"Beck and Border, Noble, Creamery and Bopt-Mc Culloch’diversions which
have intakes wider than average énd 9.3 pounds (22.lL fish) in the Kleih-
schmidt, Highline, Mammoth, Clark and Cockrill ditches which have intakes
narrower than average. The averége sublegal loss was L.l fish in the
former and 25.0 in the latter.

The averagé depth across all canaliintakes was 1.9 feet. The legal
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loss averdged 11.9 pounds (2h.Q fish) in the Kleinschmidt, Marmoth and . '
Keughen diversions which have intakes-deeper than average and h92 pounds
(12.0 fish) in the Beck and Border, Noble, Creamery, Clark, Bopt-Me Cull-
och and Cockrill ditches which have intakes shallower than éverage. The
sublegal loss averaged 25.8 fish in the former and LL.8 in the latter.

Yocation in relation to river flow: Some intakes are located on bends

-and others on straight sections of. the river. A comparison of fish loss
was made between diversions having intakes on river bends and those hav-
ing'intakes on straight-a-ways. In 1951, the legal game fish loss aver-

aged 9.3 pounds (114.3 fish) in the Lowline, Keughen and Creamery

ditches which have intakes on fiver bends and 10.3 pounds (38.3 fish) in

the Clark, Gillmore-Todd and Cockrill canals which have intakes on
straight-a-ways. In‘1952, the legal loss averaged 8;3 pounds (17.7 fish)
in the Highline,‘Mammoth, Keughen, Noble, Creamery and Bopt-Mc Culloch
diversions which have intakes on Bendé and 5.8 pounds (15.5 fish) in the
Kleinschmidt, Beck and Border, Clark and 'Co,ckr'ill ditches which have in-
‘takes on straeight-a-ways. The sublegal loss averaged 13.5 fish in the

former and 27.8 in the latter.

Angle with river: Some canal inbekes are'parailel with the river from
their origin to at least 150 feet déwnstream while others leave the river
Iat an angle (Table 17,' Those.which are parallel are.referred to .as form-
ing an angle of zero degrees with the river., A comparison of fish loss
ﬁas made between diversions which form above average angles and those

which form below average angles wiﬁh the river. In 1951, the average
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angle between the intake and the rivér for ali canals was 25.7 degreeé°
The legal .game fish loss averéged i9.3 pounds (11}.3 fishj in the Low-
line, Keughen and Créamery di&ersions which form greéter than average
angles with the river and 10.3 pounds (38.3 fish) in the Clark, Gillmore-
Tod& and Cockrill ditches which form less than average angles. In 1952,
the average angle between the in£akes and the river was 28.6 degrees.
The]iegal loss averaged 8.5 pounds (18.3 fish) in the Highliné, Mammoth,
Keughen, Beck gnd ﬁordéf, Noble, Creamery and Bopt~Mc Culloch di&efsions
which form greater than average angles with the river and L.k pouﬁds
(13.3 fish) in the Kleinschmidt, Clark and Cockrill canéls which férm
less than average angles; The‘sublegal loss averaged A3.6 fish in the
former and 22,3 in the iattér. |

Diversion damse: DMost of the canals have diversion dams constructed.

‘either of rock or concrete which extend out into the river and divert
water into the intake. In 1952, a'éomparison of fish loss was made be-
tween ditches with diversion dams at the intake and those without. The -
‘Kleinschmidt and Keughen canals have concrete diversion déms which were
not operated; therefore, . they were excluded from tle comparison. The
Jlegal game fish loss averaged 9.9 pouﬁds (23.0 fish) in the Highline,
Mammoth, Beck and Border, Noble and Bopt-Mc Culloch ditches which have
diversion dams and 3.2 pounds (9.7 fish) in the Creamery, Clark and Cock-
rill canals which ao not have diversion dams. _The sublegal loss-averaged

38, fish in the former and_hS.O in the latter.

Bottom types and cover: Some intakes and the adjacent river bottoms were
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predominantly silt-sand while,otheré‘were gravel-rubble. In 1952, a
boﬁparison of fish loss in the diversions was made in relation to these
two ‘bobtom types. Legal game fish loss averaged L.3 pounds (11.5 fish)
in the Beck and Border, Creamery, Bopt~Mc Culloch and Cockrillfdiversions
which have silt-sand bottoms in the intake and adjacent river and 9.3
pounds (20.3 fish) in the Kleinschmidt, Highline, Mammoth, Keughem, Noble |
and Clark canals which have bottoms of gravel-rubble. The sublegal loss
averaged 55.3 fish in the former and 25,2 in the latter.

Cover was clas;ified as pools, overhanging brush and undercut banks
and the area of each type was determined (Table 1}. The total pércentage
of cover for the intake and adjacent river area was obtained by adding-
the square feet of area occupied by water three. feet md greater in depths
the area'covered.by overhanging brush; the area covered ﬁy overhanging
bank and dividing by the total square feet of water area, .Ih 1952, a
comparison of fish loss was made between diversiong having‘abOVe average.
and tﬁose having'below average cover on the intakes and adjacent river
areas. The averagé percentage of co&er was 2L.1 percent. The legal game
fish loss averaged 5.2 pounds (12.3 figh)'in the Kleinschmidt, Highline,
Woble and Cockrill diversions which have above average cover and 8.7
pounds (19.8 fish) in the Mammoth, Keughen, Beck and Border, Creamery,
Clark and Bopt-Mc Culloch ditches which have below average cover. The

sublegal loss averagedi1503 fish in the former and 46.8 in the latter’
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DISCUSSION

. An attempt was made to correlaté legal game fish loss with the
various physical characteristics_of.canal intakes, Subiegal game fish
- loss was not ﬁsed since the method of sampling did not permit a true -
estimation of the number of fish sﬁaller than seven inches. .The number
- of ditches studied is small but they are believed to be representative
of the irrigation diversions of the West Gallatin River, Montana.

While some of the characteristics of headgates, such as iocation,
consfruction and manipulation, could Ee correlated with fish loss, no
confidence is placed in this information since other factors may have
greater effect. Lmong these other factors-are volume of flow in ditches,
amount of water diverted as compared to the amount retained by'the.rivér
and location of intakesfin relation to river flow.

The legal game fish loss washproportional to the volume of flow in
the ditches except for the Kleinschmidt canal. To determine the signifi-
cance of this relationship, the regression of fish loss on volume was
computed for both the 1951 and 1952 comparisons. In both cases, the
regression was significant at P = 0.05, therefore; it appears that a .
reasonably high degree of linear association exists between legal game
fish loss- and volume of flow in the diversions.

The measurements for the Mammoth and Kleinschmidt canals were not
, inciuded in the regression computations. The Mammoth ditch is located oﬁ
- a lateral branch of the Galiatin River and frbﬁ‘early_in the irrigation

season until the headgate is closed in the avtumn, appraximately'July 1
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£o October 15, all but a negiigible amount of water is diverted from the
river into the canal. In 1952, the Mammoth ditch sustained the highest
1éga1 game fish loss énd it is beliéved to be the result of this de~
watering practice. Although the Kleinschmidt canal had the largest vol-
ume of flow of the ditches studied, it sustained a very low fish loss in
1952. This diversion is on fhe:upper part of the study arvea (Pigure 1)
and the river adjacent to the intake is npt subject to dewatering. The
intake is also on a straight section of the river and apparently, few
fish are present in this area, possibly accounting for the low loss in
the canal. |

The linear regressions of fish loss against velocity, gradient,

. depth or width did not prove to be significant: It is therefore assumed
that these physical characteristics influence fish loss in irrigation
diversions only when in combination.

In considerihg canal intakes in relation té river flow, the highest
legal game fish loss was sustained by thosé®on.river bends, ‘owb in 1951,
these cenals (Lowline, Keughen and Creamery) also had higher volumes of
flow, However, if the Lowline and Keughen diversions were excluded from
the'coﬁparison, making.the canals with intakes located on bends more com-
parable in volume of flow to those with inbakes located'on straight-a~-
ways, the loss in the former would still be almost three times that in
the latter.. In 1952, the ‘average volume of flow for thé diversions with
intakes on river bends was praétiéally the same as those with intékes on

straight-a~-ways. The legal game fish loss was highest in canals with in-




takes on river bends.

The regressions of fish loss against the angle of the intake with
the ?iver did not prove to be significant. The information gained from
this study does not éupport the inference that the angle by whicﬁ the in-
take leaves the river has any influence on 1egg1 game fish loss.

When'comparing legal game fish loss in canals having diversion dams
with_ﬁhat in canals nét having dams, the former group of canals sustained
the highest loss. However, this higher loss is thought to be a result of
other factors, particularly volume of flow. .

In considering.fish losg in relation to Bottom‘typés in the intakes
.and adjacent river'areas, the‘diversions which have gravél—rubble bottoms
sustained a higher loss tﬁan those which have silt-sand bottoms. Again,
this higher loss is thought to be a result of other factors including
volume of flow.

Regarding the effect of cover 'at the intakes and adjacent river
areas, the regression of fish loss on the three types of cover, indivi-
dually and collectively, was tested and found not significant. It is
thought thalt cover may not effect legal game fish loss other than what
influence it exérts in combination with intakes which are located dﬁ

river bends.

SUMMARY
1.. Fish loss was debermined and the various physicsal character-

istics of the canal intakes and headgates were measured during the sum-

mers of 1951 and 1952 for 12 irrigation diversions of the West Gallatin
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River, Montana..

2. The phyéiCal characteristics considered were: headgéte 16-‘
cation, construction and manipu1ation; iﬁtake velocity, volume, grédient,
width, debth énd angle with river; location of inbakes in relation to
river flow, diversion dams, bottom fypes, cover and amount of water
diverted in relation to the amount retained'by the river,

3. No correlation was apparent between 1egél game fish loss and
location, construction or manipulation of headgates.

li. The linear regression of legal game fish loss.on velocity,
gradient, width or depth of intékes did not prove significant with the -
‘analysis of variance test.

5. The regression of legal game fish loss on the angle of the in-
take with river or amoﬁnt of cover at the intake or adjacent fi;er areas
did not prove significant.

6, Bottom types in the intake and adjacent river areas or the
existence of diversion dams at the intake apparently had no observable
influence on legal game fish loss. -

7. Legal game fish loss was highest in éanalé with the higher
volumes of flow and in those ;ith intakes located on river bends.

8. The highest legal loss in 1952 occurred in a canal info which

all but a negligible amount of wabler was diverted from the river channel

on which‘it was 1ocated.'
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SUPPLEMENT
Maps of eleven irrigation canal intakes and adjacent areas of the
Ififest Gallatin River, Montana (Figures 2-12) showing the following physical
characteristics: location and construction of primary headgatesj intake
width and angle with river; depth contours, location of intakes in re-

lation to river flow, diversion dams and cover.
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0 5 2 3 SCALE IN FEET
I:::::::::::::‘ underwater concrete apron

CONCRETE HEADGATE
WOODEN HEADGATE

> DIRECTION OF WATER FLOW
++++++++++++++++  UNDERCUT BANK

CHARACTERS OF BANK SHADING

HA- HIGH ABRUPT O - OPEN

HS- HIGH SLOPING PS- PARTLY SHADED
GS- GENTLY SLOPING DS- DENSLY SHADED
LA-LOW ABRUPT

G - GRASS

SH- SHRUBS

T - TREES

RD- ROCK DAM
RP-ROCK PILING
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PS-SH-HA

O-HA

Figure 2. Kleinschmidt canal
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PS-SHar-LA

PS-SH a I-LA

Figure 3 Highline canal
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PS-SH 8 T-LA

DS-SH a T-HA

DS-SHBT-HA

PS-SHa T-HA

Figure It. Lowline

PS-SH.a T-

PS-SH ST-LA

canal.
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O-LA
DS-SH-LA

Figure Mammoth canale
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Figure 6. Keughen canal.



Figure 7«
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Beck and Border canal.

PS-SH a T-LA
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PS-SH-L O-LA

10-LA

PS-SH a T-LA

0-GS

0-GS

ps-snar-LA

Figure 8. Noble canal.
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Figure 9. Creamery canal.
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O-LA

Figure 10. Clark canal.
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Figure 11. Bopt-Mc Culloch canal.
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Figure 12. Cockrill canal.
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