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Presenter
Presentation Notes
This study involved the use of half duplex pit tags to assess culvert passage of Yellowstone cutthroat trout in Mulherin Creek a tributary of the Yellowstone River.


Issues Known to Impact Fish Passage
through Culverts

» Drop Height

» Excessive Velocity
» Lack of Plunge Pool
» Shallow Flow



We also know these things can change
with time.

1.1 m/sec

2.8 m/sec



What we don’t know...

Are there probability based goals for fish
passage that are better than goals based
on absolutes?

Are there stream connectivity goals that
can be realistically met?


Presenter
Presentation Notes
Our first objective was to determine what factors, both biotic and abiotic are most useful for predicting the probability of passage.


Our Fish Passage Field Study

Track electronically tagged fish
throughout a culvert-intense
stream system over annual and
fish mobility hydrologic cycles.


Presenter
Presentation Notes
Methods normally used to assess fish passage are direct measurements such as mark recapture and radio-telemetry studies.  These are labor intensive and give a “yes” or “no” answer to passage.  It is very difficult to assess conditions at the time of passage.
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Presenter
Presentation Notes
Mulherin Creek is a 2nd order  tributary of the Yellowstone River and is located 8 miles north of Gardiner MT
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Presenter
Presentation Notes
Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Presentation Notes
Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Presentation Notes
Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Presentation Notes
Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone
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Mulherin Creek is a high gradient second order tributary of the Yellowstone 

With a total length of 12.9 km

Lower reaches are dominated by large cobble and boulder substrate with numerous small plunge pools.  

Upper reaches are primarily comprised of riffles and pools with gravel and cobbles dominating.  

Mulherin Creek was chosen because it contains a variety of culvert types including both baffled and unbaffled box culverts as well as unbaffled steel pipe culverts and has a relatively large run of fluvial-adfluvial Yellowstone


Half-Duplex PIT Tags

Advantages

»Record individual
passing through many
culverts

»>Single physical capture

» Records exact time of
activity

OregonRFIQ



Presenter
Presentation Notes
We used half duplex pit tags which have the advantages of allowing us to study fish passing through multiple culverts.  Need only a single capture of individuals which reduces stress.  And allows us to record both attempts at passage as well as successful passes.


Half Duplex PIT Tag Readers and
Antennas

12 volt deep RFID Data logger
cycle reader

5 day limit


Presenter
Presentation Notes
Our field equipment consisted of a RFID reader, a datalogger with a removable memory card and a deep cycle 12 volt battery as a power supply.  These batteries could power 3 antennas for 5 days before needing to be charged.


Antenna Installation

The antenna loop is 12 gauge stranded wire oI S ner

Twin-axial cable from antenna to reader



Antenna Placement

Antenna 3 Antenna 1

Antenna 2



Presenter
Presentation Notes
Our experimental design included the placement of 3 antennas at each culvert.  One on the upstream end, one on the downstream end and one located below the plungepool of each culvert.



All 3 antennas attached to 1 reader


Trapping and Tagging
~ 2005-2006 ik

» 143 Individuals tagged
19 YCT

3 RB

1 Hybrid
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Water Temp (degC) or Fish Count
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Water Temp (degC) or Fish Count
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Data logger of stage
and temperature...

USGS method to
convert stage to flow
rate...

measure culvert
geometry...

correlate cross
sectional flow area
(A) to flow rate (Q)...

V = Q/A provides
velocity at any point
in time.



Presenter
Presentation Notes
To determine velocities in culverts we set up stage data loggers which recorded both stage height and water temp.  We also took discharge measurements throughout the hydrograph to get the relationship between stage and discharge.  



Using that relationship along with culvert geometry we were able to determine water velocity at any stage.


Water Velocities

6.0

— (C) natural reach
—— (1) smooth box
20§ (2) baffled box
—— (3) baffled box
(4) smooth steel
4.0 1 (5) smooth steel

Velocity (m/s)
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Baffled culverts act like natural reach.



Fish Travel Timing
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Hour of the day

Most fish move between noon and dusk.



Time to Pass Through a Culvert
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Fish must speed through the smooth culverts, but can rest
along the way in the baffled culverts.




Time to Reach Points in the System

Error bars are standard deviation.

~
-y
@®©
©
N
Q
(@)]
@®©
0
)
©
(ol
o
]
e
c
o
S
<)
&)
<
ol
S
o
-
Y
o
£
|_

Detected Culvert 1 Culvert 2 Culvert 3 Culvert 4 Culvert 5

Location




Travel History — Individual Fish

5654 300 mm Cutthroat Male 2005
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Travel History — Individual Fish

5566 340 mm Hybrid Unkown Sex 2006

Failed attempts at culvert 5,
then attempted but washed
out of culvert 4.
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Effect of Species or Gender

Species

YCT YCT/RBT hybrid Male Female  Unknown

=1 Fail to pass
—3 Pass

No difference In ability to pass culverts by gender or
species.



Factors not Related to Pass/No Pass

Slope (%)
Culvert length (m)

The boxes represent the first and third
quartiles of the distribution, the
horizontal solid lines in the boxes
indicate medians and the dots indicate
the range.

—=> Failed to pass
—— Passed

Number of attempts

No significant effect of slope, length, or number of attempts.
Remember — not much diversity in slope or length.




Factors Related to Pass/No Pass

Vv

Fish length (mm)
Temperature (°C)

1 big fish vs. temperature

I medium big fish . | related to velocity

Velocity (m/sec)
Drop height (cm)

Culvert length, drop height, water velocity, and water temperature
all significantly affected pass/no pass.




Probability of Passing a Culvert

Factors

Comments

Culvert Slope
Culvert Length
Number of Attempts

Water Temperature

Not Significant
Not Significant
Not Significant

Co-Variate of Velocity

Fish Length Big vs. Medium Big
Drop Height Not Diverse (n ~ 5)
VWalerr\Veloely, Strengest indicator;




Probability of Passing a Culvert
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Probability of Passing a Culvert

— Katapodis, 1994 @ Figure 12
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FishXing Passage Windows

Culvert1
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FishXing Passage Windows
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Probability of Passing through the
System

0O Tagged Individual Fish @ Detected Individual Fish @ Passage in Series

Probability

0.06
| | | I_l |
Culvert 1 Culvert 2 Culvert 3 Culvert 4 Culvert 5

Location in System




Probability Based Passage Goals

Spawning Gravel
Length (km) total m2 m23/km

trap to culvert 1

culvert 1 to culvert 2
culvert 2 to culvert 3
culvert 3 to culverts 4 and 5
Upper Mulherin

Cinnabar

Culverts 4 and 5 — most bang for your buck! Low probability of
passage as is, and would open up long spawning gravel-rich areas.



Conclusions

Veloclity Is a strong probability based
iIndicator of passage success and should
be used as the basis of establishing
passage goals.

The baffled concrete box culverts in the
study performed well.

Prioritize based on passage goals anad
probability of passage.



Questions?
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