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Overview

+ Quick introductiontteoswesterniGreatPlainsistreams
+ Stream alterationsiinitheseisystems

¢ Fragmentation -
+ Improving fish passage for small, nonsalmomd fishes

* Predictive swimming model

+ Review of swimming abilities

+ Field study of existing rock
ramps

+ Lab study using experimental
rock ramps



Western Great Plains Streams

+ Many semizafid
systems
+ Some have"

mountain
headwaters

o Largeinter-and
intra-annual ;

flow variability P L
+.Large.range of s iy is RS IRN
DY SICOCHETNIC O i |

conditions
+ Many of these streams are highly fragmented



Western Great Plains Fishes

¢ Many mhmlhmw fISRES
~¢ AdultTL > = 150'mm
+ Movement essentie D-jﬁi of life history, for mos Species

....



Facilitating Fish Passage

¢ Typically*accompliSned
with fishwa

+ Multiple fishway:types*

¢ Incorporating swimming
data into-design is ideal

¢+ Many questions remain

+ Swimming ability quantified for
few species
+ Collection of swimming ability

data requires expensive, long-
term studies




Facilitating Fish Passage: Goal

lopra’predictiveimodelfeiEswimming ,
performance for:smallzbedied U\Uﬁiﬂ Americanifisk
+ Predictor variables = simple'to'co
+ Combination of shape and phyS|oIog|caI measurements

. »




Methods: A Predictive Swimming
Model

+ Aerobic and Sprint'sWimming as'a function of:.:.

+ Morphology:
+ Landmark Analyses
+ Physiology
+ Hematocrit, Hb*

+ Percent red muscle

+ Percent white muscle




Dependent Variables: Swimming
Abilities

-+ Loligo' Model'32:_aModel*90 swim tunnels
"+ Constant acceleration‘tests ((@W@))
+ Start veIOC|ty =11 cm/s ————

¢ Increments = 5 cm/s every 5 s

+ Measurements

+ Aerobic ability = gait transition speed
+ Sprint ability = speed at “exhaustion”




Independent Variables: Morphology

+ 15 Iandmarks'per fish

+ Procrustes analysis provides “typical shape” for species
+ PCA converts (X, y) coordinates to scores

+ Scores can be used in statistical analyses




Independent Variables: Morphology
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Independent Variables: |/ /.~ -3
. Hematocrit tube 5 CE trifuged N
. Packed -Coll Vo LT e vy S ———-———

. Hemoglobin concentration

. Quantichrom Hemoglobin
Assay

. Red and white muscle

. Percent @ 50% of TL

. Preserved & stained cross
sections analyzed with
ArcGIS



Integrated Analysis

e Boosted EGLESSIONILEES
-+ Strong'predictive’power
+ Twoanalyses
+ Aerobic swimming ability
+ Sprint swimming ability

+ Independent variables for both analyses:
+ Total length
+ Average body shape scores (PCA scores) for each
Species
+ Hematocrit

+ Hemoglobin concentration
+ Red and white muscle percentages




Results: Swimming Performance
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Principal component 2

Results:

Morphology
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Effects on Swimming Performance

¢ Aerobic ~ + Sprint

+ Total length + PC1

+ Red Muscle + Total length

+ PC1 and PC2 + HCT and Hb™*
* PC3




v [~|Partition for Aerobic
3]

1
PC1>=-0.062859362

RedMuscle50<0.] RedMuscle50>=0.7265093266 |PC1 ]PC1>=-0.0
TL<75 TL>=75
All Rows
( Split Y ( Prune ) Number
RSquare RMSE N of Splits Imputes  AlCc
0.321 11.246575 269 5 13 2079.81
I
'~ |All Rows

Count 269 LogWorth Difference
Mean  42.587361 12.19399

12.6383
Std Dev 13.670864
I
I I
> TL<75 *TL>=75
Count 205 LogWorth Difference Length Count 84 LogWorth Difference
Mean 39.580488 3.6190156 6.69349 Mean 52.21875 5.0459366 18.0636
Std Dev 11.009782 Std Dev 16.699462
I I
I I I I
'~ RedMuscle50<0.7265 e50>=0.7265093266 '~ |PC1<-0.000921832|| ~ /PC1>=-0.000921832
Count 67 Musculature 138 LogWorth Difference Count 20 || Count a4
Mean  35.074627 768116 2.6661758  11.7172 Mean 39.8 [[Mean  57.863636
Std Dev 10.95765 |Sthev 10.387591 Std Dev 9| 16.276093
» Candidates | I | » Candig Shape didates
*|PC1<-0.062859362| |~ /PC1>=-0.062859362
Shape Count 10 | | Count 128 LogWorth Difference
Mean 30.9 | [Mean 42.617188 0.8391332  4.80345
Std Dev 7.6077446 | | Std Dev 10.112844
» Candidates I I |
'~ |PC2<0.0576668736|| ¥ PC2>=0.0576668736
Count 101 || Count 27
Mean 41.60396 || Mean 46.407407
Std Dev 8.4214954 | Std Dev 14.417562
» Candidates || Candidates




Effects on Swimming Performance

¢ Aerobic ~ + Sprint

+ Total length + PC1

+ Red Muscle + Total length

+ PC1 and PC2 + HCT and Hb™*
* PC3




Effects on Sprint Performance

( Split Y ( Prune ) Number
RSquare RMSE N of Splits Imputes AlCc
0.304 19.781414 270 5 2 2392.42
|
'~ All Rows
Count 270 LogWorth Difference

Mean 85.294444 12527092 23.2484
Std Dev 23.750159

I
I I

'~ |PC1<-0.062859362 '~ |PC1>=-0.062859362
Count 55 LogWorth Difference Shape Count 215 LogWorth Difference
Mean 66.781818 1.8833446  20.9222 Mean  90.030233 6.2468667 22.5413
Std Dev 20.929061 Std Dev 22.088401
I I
I I I I
'~ |HCT<0.5416666667 *HCT>=0.5416666667| | ~TL<95 >~ TL>=95
Count 45 LogWorth Difference || Count 10 Count 188 LogW{ Count 27
Mean 62.977778 1.1368124 15.6087 || Mean 83.9 Mean 87.199468 1.9872 Len th Mean 109.74074
Std De Std Dev 14.019431 Std Dev 20.748658 g Std Dev 21.402
Hematolo gy » Candidates | I I » Candidates
'~ HB>=32.247191011|| ¥ HB<32.247191011 '~ |PC3>=-0.022796916 ||~ PC3<-0.022796916
Count 22 || Count 23 Count 171 Count 17
Mean 55 || Mean 70.608696 Mean 85.72807 Mean 102
Std Dev 18.10025 || Std Dev 19.867148 Std Dev 20.731988 || Std Dev 14.452508
» Candidates || Candidates » Candidates ||> Candidates Shape




Principal component 2

Results: Morphology
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Conclusions

-+ Different factorsimaylaffectiaerobiciandianae rtj.]L,
ability |

s We remaln onﬁe that we can proc ce _relctlve
model | — .

+ Integrating phy5|ology and morphology important

+ Important but unmeasured...
+ Behaviors (station-holding, searching)
+ Fin area and morphology (to be continued...)

+ Estimating ability of untested fish will improve
fishway efficacy
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