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ABSTRACT

Entrainment of fish and debris in the T&Y canal on the Tongue River were evaluated
during the irrigation season in 1997. An estimated 37,288 fish weighing 839 kg (1847 lbs) were
captured entering the T&Y canal. Captured fish were predominantly juvenile fish and represented
21 species. Flathead chubs dominated the catch and accounted for 32% of the total number of
fishcaptured. Other abundant species captured included: crappie (white, black and
undetermined), 15% of the total catch, carp, 13%, longnose dace, 13%, and channel catfish, 10%.

We found no relationship between fish entry into the T&Y canal and stream discharge,
percentage of canal discharge to stream discharge, or turbidity. Some fish were found to be
exiting the canal at downstream locations.

Debris movement into the T&Y canal are very significant during high flow periods and

“appeared related to the formation of a bar immediately upstreamn of the headgate during the non-
irrigation season. When the headgate is opened the bar is eroded in typical headcutting type of
action. Solutions to both the fish entrainment problem and the debris movement into the canal
will serve as a good example of how cooperative efforts can be used to benefit both agriculture
operations and fish resources.

INTRODUCTION

This project was completed with the cooperation of the T&Y Irrigation District, Bureau
of Reclamation, and Montana Fish, Wildlife and Parks. The T&Y diversion is located at river
mile 20.4 on the Tongue River and is considered an upstream fish passage barrier to shovelnose
sturgeon, goldeye, sauger, and other fish species.

The objectives of the project were to identify the: 1) numbers, size and species of fish
entrained in the canal during the irrigation season, 2) quantity of debris entering the canal, 3)
identification of factors that may encourage or discourage fish entrainment into the canal.

The Tongue and Powder Rivers are two of the largest tributaries entering the lower 240
miles of the Yellowstone River system. The Yellowstone River supports a diverse assemblage of
native and non-native warm and cool-water fish species. Some of the species are threatened or
endangered and others are being considered for special status due to declining abundance.
Tributary streams play a vital role for spawning, rearing, migration and a host of other functions
for these fish assemblages.

The Yellowstone River and tributary streams also provide vital irrigation water to
agricultural enterprises throughout the basin. The highly migratory nature of many of the native
fish species and their ability to navigate through or around irrigation inlet structures was not well
understood in the past. However a growing body of information is beginning to identify
significant problems associated with some water diversion designs. Many of the problems are
associated with upstream fish migration barriers and entrainment into diversion systems by
upstream or downstream migrating fish. Both problems are correctable through design changes.

This project focused on the later problem, entrainment into the diversion system by
downstream migrating fish.



METHODS

Water diverted into the T&Y canal was sampled with specially designed nets that spanned
the entire canal. One net was placed in each of the two openings leading from the diversion
structure to the canal. The nets were constructed of % inch mesh size netting and fitted with a
purse bag at the end to empty debris and fish into sample tubs for sorting. Fish species, lengths,
and weights were recorded on all captured fish. Debris type, size, and weight was visually
estimated from each sample.

Canal sampling activities occurred during the irrigation season from May 29 to October 10
for I day every 2 weeks. A total of ten days were sampled. Each day was subsampled by two
hour period through a complete 24 hour cycle. Additional subsampling was required of each two
hour period due to large quantities of debris that collected in the nets. Sample periods within
each two hour subsample ranged from 4 to 75 minutes depending upon relative debris quantities
moving into the net during the different sample periods.

Total numbers of fish and quantity of debris was calculated by expanding the subsample
results to the total period length using the appropriate expansion factor.

Four locations downstream of the diversion structure were sampled in August and
September to see if fish were exiting the canal via bypass structures and the canal were it
terminates at the Yellowstone River. A single net identicle to those used to sample the headgate
structure were used.

RESULTS & DISCUSSION
Fish Species Composition

Twentyone fish species were captured in the T&Y canal. Non-minnow (Cyprinidae)
species captured were generally juvenile fish evident by the short mean length noted in Table 1.
Flathead chubs dominated the catch and accounted for 32% of the total number of fish captured
(Table 2). Other abundant species captured included: carp, 13%, longnose dace, 13%, crappie
(white, black and undetermined), 15%, and channel catfish, 10%.

In November, 1994 the T & Y ditch was sampled using a backpack shocker to see what
fish remained after the ditch was shut down for the winter (Stewart, 1995). Four locations were
sampled and 14 species were collected (Table 3). Three of these species, rock bass, mountain
sucker and plains\silvery minnow (Hybognathus sp.) were not collected during the current study.
Three species, flathead chub, longnose dace and channel catfish were well represented in both the
fall, 1994 electrofishing and the 1997 entrainment studies. Crappie represented 15 % of the fish
sampled in the current study and was not observed at all in 1994. White suckers while
representing not more than 4 % of the fish in the current study made up 26 % of the sample in the
1994 fall effort. Gear sampling efficiency or abundance in the river of these two species between
years may explain these differences.

In the fall of 1993 K.M. Backes sampled three sections of the Tongue River near Ashland
with electrofishing gear. His closest section to the T&Y canal was 70 miles upstream. Twelve
trips down the 5.5 mile long section were completed and resulted in the catch of 1725 fish (Table



4). The fish species composition Backes found was very similar to the composition captured in
the T&Y canal in 1997. Although the relative contribution of each species to the total fish
sample differed between Backes’ 1993 work and the T&Y sampling in 1997.

An estimated 37,288 fish weighing 839 kg entered the T&Y canal during the 1997
irrigation season (Table 5). The entrainment of these fish would suggest significant downstream
migratory behavior of these species. This downstream movement could be a permanent
displacement or a temporary life history movement which would normally be followed with an
upstream migration at some later date. The later case would cause canal losses to have the most
impact in upstream fish populations. The answer to this question probably is also species specific.

It should be noted that upstream fish passage problems at the T&Y diversion could
possibly have the same impact as the problem with entrainment into the canal. In other words if
fish need to get back upstream whether they are lost in the ditch or over the diversion structure
getting back upstream will not be possible.

Seasonal Timing of Fish Movements

Estimated fish entry into the canal peaked between June 12 and August 11 (Figure 1).
Fifty two percent of the total number of fish collected during this study from May 29 to October
10 came during this 2 month peak period (Table 2). Flathead chubs, carp, longnose dace, channel
catfish, white sucker and black crappie were the dominant species caught during the period in
descending order of occurrence in the canal (Table 6). These dominant fish species comprised
88% of the total fish captured of all species during the peak movement period. However fish
losses during the non-peak loss period still add up to 48%. This is a significant number of the fish
lost over a longer time period.

Diurnal Timing of Fish Movements

Migration of various fish species has been documented to be influenced by light conditions
throughout fisheries literature. Some fish species have been shown to migrate primarily during
daylight hours while others utilize the dark lighting conditions of night. In recognition of this
diurnal timing of fish movement sampling was conducted through the full 24 hour day period.

We captured the least fish during the early morning hours 2 am to 10 am at the T&Y canal
averaging 11.3 fish captured per 2 hrs (Table 7).. The greatest numbers of fish were captured
during the afternoon and early evening between 2 pm and 8 pm with an average of 33.5 fish
captured per 2 hrs or 3 times more fish than the early morning hours.

Possible Fish Entrainment Factors

We looked at the effect of Tongue River stream discharge, percentage of irrigation
withdrawl related to Tongue River discharge, and Tongue River turbidity as possible factors
influencing numbers of fish entering the T&Y canal. Turbidity is directly correlated to stream
discharge with high turbidity occurring when stream discharge is also high. One exception to this
pattern occurred in October when a rain event and suspected local run-off resulted in turbidity



measurements that exceed high flow turbidity.

No clear relationship appears to exist between stream discharge, percentage of diverted
water discharge to stream discharge or turbidity and fish entry into the T&Y canal (Table 8).
Low numbers of fish entered the canal at both high flows and low flows. Highest numbers of fish
entered the canal at both high discharge, 1525 cfs on June 26-27, and moderate discharge, 549 cfs
on July 21-22.

Fish Exiting the Canal

Three fish species were sampled exiting the canal at bypass structures where excess water
is released from the canal and at the canal terminus (Table 9). The greatest number of fish
captured were at the Pumkin Creek bypass which is approximately 100 yards below the headgate
structure. Only flathead chubs were sampled at this location. One smallmouth bass was captured
at the Bensley Creek bypass approximately 15 miles below the headgate and one white crappie
was captured at the Jones Creek bypass approximately 17 miles below the headgate. Three
flathead chubs were captured where the canal drains into the Yellowstone River approximately 20
miles below the head gate.

Debris Compoeosition

Debris that collected in the sampling nets was sorted and quantities documented. Four
classes of debris were identified including: gravel, sticks, coal, and vegetation. The calculated
weight of gravel, coal and sticks collected in the sample nets appears to be strongly correlated to
stream discharge (Table 10). The relationship is obviously non-linear and probably approaches an
exponential function.

Vegetation entry into the canal was not related to stream discharge with highest quantities
following the rainfall event in October during the low discharge period.

The west collection net captured 8 to 80 times more gravel than the east net which may be
valuable in understanding the existing hydraulics acting at this site.

Estimated gravel entry into the canal was highest during our June 12-13 sample period
when an estimated 13,534 Ibs per day (24 hrs) entered the canal. We felt the origin of gravel
entering the canal was from upstream headcutting in the bar formed immediately upstream of the
diversion during the non-irrigation season. Modifications planned to the diversion structure need
to address this non-irrigation season bar development. Channel hydraulics changed by the
opening and closing of the headgate may be a significant source of canal gravel and other debris
accumulations. If solutions to both debris accumuiation and fish entrainment could be addressed
simultaneously the acceptance of fish friendly designs by the agricultural community may be
greatly enhanced.



RECOMMENDATIONS

1. Upstream fish migration should be addressed at the T&Y diversion. The native fish
populations of the Yellowstone River most certainly utilized a significant part of the Tongue
River historically prior to fishery data collections. Opportunities to enter into partnerships for
fiscal and design planning appear to be feasible. The prevention of fish losses down the canal
system will result in fish displacement over the diversion dam also causing a net loss to upstream
areas. Therefore fish populations will not likely benefit until both problems are addressed.

2. Entrainment of fish into the T&Y diversion that is currently being addressed needs to be

completed in addition to recommendation 1. The numbers of fish currently being lost to upstream
areas appears to be significant.
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Range in

Mean

Location Species N* N"™ Length (mm) Length (mm)
0.25 Miles Channel Catfish 20 33 71-255 1
Below Stanecat 8 12 85-170 125
Headgate Rock Bass 4 50-64 56

Shorthead redhorse 4 4] 83-122 96
White sucker 4 20 9B-195 127
l.ongnose sucker 4] 66-132 107
Mountain sucker 3 72-113 88
Carp 3 145-162 153
Flathead chub 11 25 51-68 59
Longnose dace 8 29 42-81 58
Bill Green sunfish 2 2 72-174 79
Jones Shorthead redhorse 1 62
Farm Longnose sucker 1 35
White sucker 10 23 55-174 98
Carp 2 160-188 174
Biack bulhead H 122
Fathead minnow 3 2 35-60 47
Flathead chub 1 5 85
Longnose dace 1 7 35
Plains/silvery minnow 2 10 40-45 43
Oschner Channel catfish 2 18 95-95 85
Farm Shorthead redhorse 1 65
White sucker 10 23 65-225 105
Longnose sucker 1 176
Mountain sucker 1 80
Carp 1 140
Flathead chub 8 (k| 50-95 76
Fathead minnow 1 70
Longnose dace 5 13 50-85 57
Baker White sucker 3 50-210 121
[-04 Longnose dace 1 62
interchange

N* Number weighed and measured.
N** Number counted only.
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Table 6. Dominant fish species captured entering the T&Y Canal during the
peak movement period between June 13 and August 11, 1997.

Number for Percent
Species™ Period for Period
Carp 96 22
Channel catfish 51 - 12
Flathead chub 135 31
Longnose dace 81 18
White sucker 17 4
Black crappie 6 1
Total 388 88

* 441 {otal fish representing 21 species were captured for the period.
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