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Presenter
Presentation Notes
Today I am going to be talking about the research I have been conducting for the completion of my master’s degree. 

This project is a great example of the progression of culvert research in that it is a multidisciplinary approach combining the fields of ecology and civil engineering.




“Are prairie systems so different?
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e Culvert crossings are common In this setting.
 Many and diverse fish species.

e Different life history and mobility needs.

Probably, but we know less about
them!
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However, the biggest difference  between these two systems is the amount of species diversity found in prairie streams. Where we find 4-5 species in mountain tributaries, we routinely find >10 species in many eastern MT streams. Additionally, while many of the salmonid species have been studied extensively, little is known about the movement and swimming capabilities of many warm water species.


We don’t want
culverts to
result in:

|_ocal extirpation

|_oss of diversity

*Deny recolonization
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This could lead to local extirpation and loss of species diversity in these upper reaches.


Study Objectives

1. Know more about the interactions between
culverts, fish, hydraulics and hydrology In
prairie settings.

2. Know more about the capabillities of prairie
fish species to navigate streams with
culverts.
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2. To examine the passage capabilities of some of these lesser studied fish species. And then look at what physical and hydraulic factors associated with culverts may be affecting their passage.


Tour of Existing Culverts

« Cataloged 34 road crossings
e County, state, or interstate road crossings

e Photos and physical measurements, including
culvert dimensions, slope, material, outlet drop...
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The first objective for this study was to simply get an idea of what types of crossings prairie fish encounter in E MT. I accomplished this by touring around a large portion of E MT with MTDOT personnel in Feb 2005. During this tour, we examined 34 stream crossings primarily on county roads. At each crossing, photos and measurements were taken to document the site.


Examples from Tour
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The majority of these crossings were single and multiple culvert crossings consisting of both CMP and SSP material types.


- Summary of Tour Culverts
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Culvert Slope (m/m)



Presenter
Presentation Notes
As you can see in these figures, the culverts I examined were typically less than 40m long, however I did visit several crossings along Interstate 94 in which culverts were up to 90m long. Additionally, we can also see that most culverts had less than 20cm outlet drops and were less than 1.5% gradient. Mention how these variables are different from those typical of steep mountain streams.


- Summary of Tour Culverts
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Culvert Length (m)
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As you can see in these figures, the culverts I examined were typically less than 40m long, however I did visit several crossings along Interstate 94 in which culverts were up to 90m long. Additionally, we can also see that most culverts had less than 20cm outlet drops and were less than 1.5% gradient. Mention how these variables are different from those typical of steep mountain streams.


- Summary of Tour Culverts
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Outlet Drop Height (cm)
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As you can see in these figures, the culverts I examined were typically less than 40m long, however I did visit several crossings along Interstate 94 in which culverts were up to 90m long. Additionally, we can also see that most culverts had less than 20cm outlet drops and were less than 1.5% gradient. Mention how these variables are different from those typical of steep mountain streams.
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From this tour, we narrowed our study area down to several tributaries of the lower Yellowstone River. The study area is located just west of the town of Glendive in Dawson County, MT.


Sand Creek and Clear Creek

*Multiple stream crossings (4 single, 1 multiple)

eSubstantial in-stream flow

*Good landowner cooperation
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We were fortunate to find these streams….” Talk about how difficult it really is to find culverts and water/fish. Then talk about how good these streams are because of the wide range of species and size classes found in them (picture)


Clear Creek

© - Culvert Crossing

[1 - Fish Distribution Reach



Presenter
Presentation Notes
Here you can just see the amount of species richness typical of many E MT prairie streams. Clear Creek was found to have 16 species of fish with CC, WS, LND, and FHM being the most common. Similarly, Sand Creek was shown to have 10 species of fish with FC, CC, LND, and FHM being the most common there.


Sand Creek

- Culvert Crossing

- Fish Distribution Reach
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Here you can just see the amount of species richness typical of many E MT prairie streams. Clear Creek was found to have 16 species of fish with CC, WS, LND, and FHM being the most common. Similarly, Sand Creek was shown to have 10 species of fish with FC, CC, LND, and FHM being the most common there.


Stream

Clear Creek
Clear Creek
Clear Creek
Clear Creek
Clear Creek
Clear Creek
Sand Creek

Intensive Study Culverts

Length

Crossing
CCla
CCl1b

CC2

CC3 left
CC3 center
CC3 right
SC1

Width
(m)

Height
(m)

Slope
(m/m)

Corrugation
dimensions
(cm x cm)

Outlet
drop
height
(cm)
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From this tour, we narrowed our study area down to several tributaries of the lower Yellowstone River. The study area is located just west of the town of Glendive in Dawson County, MT.
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From this tour, we narrowed our study area down to several tributaries of the lower Yellowstone River. The study area is located just west of the town of Glendive in Dawson County, MT.
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From this tour, we narrowed our study area down to several tributaries of the lower Yellowstone River. The study area is located just west of the town of Glendive in Dawson County, MT.


Species Richness

Species and Abundance

Culverts locations at vertical lines.

CC2

CC3

0O 1 2

4 5 6 7 8 9

10 1

1 12 13 14 15 16

Distance from Confluence with Yellowstone (km)

17 1

8 19

Clear Creek
2006

Species

CClaand CClb

cc2

CC3

Creek chub
White sucker
Longnose dace
Fathead minnow
Sand shiner

no difference
no difference
higher upstream
no difference
no difference

no difference
no difference
no difference
lower upstream
lower upstream

no difference
no difference
no difference
no difference
no difference
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From this tour, we narrowed our study area down to several tributaries of the lower Yellowstone River. The study area is located just west of the town of Glendive in Dawson County, MT.


Species and Abundance

Culverts locations at vertical lines.
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From this tour, we narrowed our study area down to several tributaries of the lower Yellowstone River. The study area is located just west of the town of Glendive in Dawson County, MT.


Direct Assessment of Fish Passage

VIE Tag

*Used the
dominant
species

collected

Marked fish
with visible
Implant
elastomer
(VIE) tags
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To examine the passage capabilities of prairie fish species, I used fish passage experiments to test whether fish moved through culverts at a different rate than through natural stream reaches.



Mention why we are using VIE tags (no effect on swimming)




Direct Assessment of Fish Passage

Fish moved from

upstream to Stream

these two v — Block net
locations.

Culvert

Treatment
Reach

Block net

Hypothetical
“reference
culvert”.

Reference
Reach




Direct Assessment of Fish Passage

Fish moved from

upstream to Stream

these two v — Block net
locations.

Culvert

Treatment
Road \ \ Reach

Block net

After

48
Hours Hypothetical

“reference

lvert”.
Reference cuive

Reach




Direct Assessment of Fish Passage

(5 crossings) x (2 experiments) = 10 experiments

*Flows ranged from 0.02 cms to 0.45 cms

Marked ~1100 fish, four species.:
Creek chub (620) Flathead chub (63)

Longnose dace (164) White sucker (200)
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So here’s what we saw:

I ran experiments at each of the five crossings at two different flows for a total of 10 experiments.



The flows ranged I ran the experiments could be described as low to moderate. Peak flows and storm events were not captured due to difficulty in blocking the stream



In the summer of 2006 I marked a total of 1100 fish dominated by 4 species…..


Direct Assessment of Fish Passage

“Odds Ratio”
Species T OR 95% CI
Creek chub 1.52 0.97 - 2.38

White sucker 9.25 2.94-29.08
Longnose dace 0.28 0.08 - 0.98P =0.04
Flathead chub 3.00 0.49 - 18.25
All species  #1.81 1.27-2.59

Fish were 1.81 times as likely to pass through a
culvert than through the corresponding reference
stream reach.
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Here are the results from the 2006 field season. As you can see, passage was not restricted for CC, WS, and FC. Additionally, for all species combined, we saw no restriction. However, LND did show signs of significant passage restriction as indicated by the CI. The OR value for LND was 0.28 indicating that the odds of a fish passing through “reference culverts” was approximately 3.5 times greater than through study culverts
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Direct Assessment of Fish Passage
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Because LND showed significant restriction, I wanted to examine some factors that might have been responsible for this. I used the ratio of fish that were recaptured above culverts to those captured below as in index of passage, and plotted those values against culvert length, culvert slope, and mean water velocity. As you can see from the plots, I found no significant relationships between any of these variables and fish passage.


Direct Assessment of Fish Passage

Total length Chi-square
Species (mm) value Odds ratio 959% CI P-value
Creek chub < 0.59 to 2.05 0.76
Creek chub 1.09 to 4.05 0.03

White sucker < - 023 to 1.09 1.00
White sucker 3.78 to 86.91 < 0.0001

Small creek chub were not more restricted
In passing culverts than large creek chub.
Same holds for white sucker.
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Additionally, I used Mann-Whitney tests to look for differences in water depth and velocity between reference and culvert reaches. As you can see, there were no significant differences, showing that the hydraulic conditions in the culverts were similar to natural stream reaches.






Direct Assessment of Fish Passage

l L

o
w

o
N

VeIOC|ty (m/s)
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Culverts had a lot of habitat similarities
with the stream reference reaches.
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Additionally, I used Mann-Whitney tests to look for differences in water depth and velocity between reference and culvert reaches. As you can see, there were no significant differences, showing that the hydraulic conditions in the culverts were similar to natural stream reaches.






Direct Assessment of Fish Passage

Crossing

Reach

Segment measurements

Culvert measurements

Mean
thalweg Mean wetted
depth (cm) width (m)

Mean water
depth (cm)

Mean water
velocity
(m/s)

CCla

CClb

CC2

CC3

SC1

Reference
Treatment

Reference
Treatment

Reference
Treatment

Reference
Treatment

Reference
Treatment

29.4 (0.05) 3.2 (0.5)
23.6 (0.04) 2.5 (0.6)

30.5 (0.03) 1.5 (0.08)
27.0 (0.03) 2.1 (0.2)*

11.8 (0.01)*
(0.01)

0.12
0.12

(0.02)
(0.02)

(0.02)

41.9 (0.08)* 3.3 (0.3)
183 (0.04) 5.0 (0.04)*

30.8 (0.02) 3.5 (0.5)
49.4 (0.04) 9.2 (0.5)*

(0.01)*
(0.01)

0.07
0.06

(0.01)
(0.01)

0.09
0.14

(0.01)
(0.02)

(0.01)
(0.01)

31.9 (0.05) 2.1 (0.2)
57.1 (0.07)* 3.3 (0.3)*

(0.02)
(0.03)*

0.08
0.16

(0.01)
(0.03)

0.30
0.27

(0.03)
(0.04)

Culverts had a lot of habitat similarities with
the stream reference reaches.
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Additionally, I used Mann-Whitney tests to look for differences in water depth and velocity between reference and culvert reaches. As you can see, there were no significant differences, showing that the hydraulic conditions in the culverts were similar to natural stream reaches.






Direct Assessment of Fish Passage

There are limitations of the experiment:

e Snapshot in time (flow)

* Problems with high flows
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At this point I need to acknowledge that these fish passage experiments are not without their limitations. Even though I ran them at two different flows, we still really only have a snapshot of what goes on for a majority of the year. 

Additionally, as I mentioned earlier I was unable to block the streams when flows got high enough. So now I want to briefly go over some other work I am doing to look at passage for the entire range of flows.




Blending FishXing with Direct Assessment

Physical and Swimming and
Hydraulic Data Leaping Abilit

“Passage Windows”
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.
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Blending FishXing with Direct Assessment

k Ch
Creek Chub Highest flow where

FishXing labels
culvert non-barrier.

Flow and date
where fish
observed to pass
culvert in field trials.
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Lowest flow where
™ FishXing labels
culvert non-barrier.

~_ Observed
hydrograph.

Flow and date
where fish
observed to NOT

pass culvert in
No horizontal lines — FishXing says always a barrier. field trials.
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Passage Windows

There are 6 possible combinations
of the outcomes of field trials and
the outcomes of FishXing models.
In the following examples, these
are labeled a) through f).
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Passage Windows

a) FishXing indicated that a passage window exists and fish are
observed to pass the culvert at flows in that window

Creek Chub
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.
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Passage Windows

b) FishXing indicated that a passage window exists and fish are
observed to not pass the culvert at flows outside that window

Creek Chub

Here is an example
of case b).

There's also a
case a) here.
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Passage Windows

c) FishXing indicated that the culvert is not passable (no passage
windows) and fish are observed to not pass the culvert during
any field trials

Longnose Dace _ ]
No window and fish

observed to not pass
culvert, an example
of case c)
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.
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Passage Windows

d) FishXing indicated that a passage window exists and fish are
observed to pass the culvert at flows that are outside the window

White Sucker

Here is an example
of case d).

There's also a
case a) here.
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Passage Windows

e) FishXing indicated that a passage window exists, but at flows
within the passage window fish are observed to not pass through
the culvert during field trials

White Sucker _
Passage window

predicted by
FishXing, but fish
observed to not
pass culvert, an
example of case e)
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Passage Windows

f) FishXing indicated that the culvert is not passable (no passage
windows) and fish are observed to pass the culvert during field

trials

Creek Chub

No passage
window predicted
by FishXing, and
fish were observed
to pass culvert.

Two examples of
case f) shown here.
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Using FishXing for
Analyzing an Existing Culvert
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Outcome of FishXing and Field Trials
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Designing a New EXxisting Culvert

Using FishXing for
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To do this, I am using the FishXing software model which uses the physical and hydraulic conditions associated with culverts and literature based swimming capabilities of fish to give a passage assessment for a range of flows.


Final Thoughts

1.Very diverse fisheries with good distribution of fish
species In the systems.

2. Most of the more abundant species were fairly

mobile, even through culverts. Possible exception
IS longnose dace”?

3. FishXing good design tool and good for pointing out
existing non-problem culverts. Not so good for
pointing out problem culverts.
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Additionally, I feel that the continued use of culvert models with field validation to identify passage windows can be an effective tool if providing passage for all fish at all times is the goal of the manager.
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Questions?
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