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Using shape to identity Razorback Flannelmouth

Sucker hybrids
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Presenter
Presentation Notes
Can we id these things using shape


Razorback Sucker Flannelmouth Sucker

e Xyrauchen texanus e Catostomus latipinnis
* [UCN: Endangered * JUCN: Least concern
e Robust body with keel e Slender torpedo shaped

body
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BOTH! endemic
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Morphological intermediates between these 2 have been described as early as 1889. Since 2012, more presumed hybrids have been recorded into our database than pure razorback sucker. 


Management Concerns

* Loss of pure genetics
* Hybrid swarms
* Hybrid zones
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A concern about these two species hybridizing is the loss of pure razorback genetics. Which could lead to Hybrid swarms where we have entire populations of hybrids, or hybrid zones where only portions of the range are occupied by hybrids 


Management Concerns

* Loss of pure genetics
* Hybrid swarms
* Hybrid zones

Hybrid Viability
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A few concerns about hybridization between these two species are: a hybrid swarm, where we have essentially entire populations that are primarily hybrids, we could have hybrid zones where we may only see portions of the rivers or lakes where the hybrids occur. Both of these outcomes depend on hybrid viability.


Viability Study

No difference in early life stage viability between
hybrids and parental species
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Chapter one of my thesis compared hatch success and larval survival of hybrids to pure Razorbacks and Flannelmouths, and found no detectable difference in either.


Viability Study

No difference in early life stage viability between
hybrids and parental species

L A [ b . e
.... c.,; 1"_>‘\ [ .Iu-‘-l.‘-“.
‘ |l S
5%, ‘e 'uu i‘* ~,.H‘1";:::::,.=r. G
e gl nln e SANTE
ek e r _

e e OO, ¥
(AP "2 lt “"""' . ".I‘ ,‘"‘l 'ﬂ."l
I-l‘ '. t - Q

|n= ‘_ - \b’!'lﬂ :‘
o ; : 1\"& Y ‘.\-'t‘ uv “‘. .’ . 'r
-‘Lﬁ‘l B st ;
# " . % .'L' 5 A o'y . 5

-
Y




Where are the wild juvenile hybrids?

* Misidentification?
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e Geometric morphometrics to analyze shapes
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If sampling is showing adult hybrids, why aren’t we detecting juvenile hybrids in the wild? Its extremely possible that these young hybrids are being misidentified in the field. To investigate this misidentification idea, I used geometric morphometric analyses to compare the shapes of Razorbacks, Flannelmouths, and their hybrids.


Questions

1. Can we use shape to determine the maternal parent of a hybrid?

2. At what length can we begin to differentiate Razorbacks,
Flannelmouths, and hybrids based on shape?
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Methods
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To answer these questions I needed to have known hybrids. I spawned Razorback Sucker and Flannelmouth Sucker to make 4 progeny. Razorback, Razorback Female X Flannelmouth male hybrid, Flannelmouth, and Flannelmouth Female X Razorback male hybrid


Progeny

2016
e Razorback

e Razorback @ x Flannelmouth & hybrid
(Razormouth hybrid)

2017
* Flannelmouth

* Flannelmouth @ x Razorback & hybrid ¢
(Flannelback hybrid)
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I was unsuccessful at producing all four progeny types in one year. For the remainder of the talk I will refer to the hybrids by the female gamete.


Geometric morphometrics

e Flannelmouth Sucker

e Wild: n =70 h L
e |abreared:n=14 mnﬁﬁm

e Razorback Sucker
e Hatchery: n=35
e |ab reared: n = 60

e Hybrids: lab reared
e Razormouth: n=73
 Flannelback: n =30
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In the analysis I used 84 FMS of which only 14 were lab reared. 95 Razorback sucker. Larger size classes were supplemented with pictures of hatchery reared Razorbacks. I used 103 hybrids all were lab reared


Geometric morphometrics

Landmarks (X,Y) ‘ Procrustes fit
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Geometric morphometrics is an analysis of shape. It utilizes easily identifiable landmarks on each fish that will be analyzed. Each landmark has an x,y coordinate associated with it. The coordinates are put into a Procrustes fit, which translates, scales, and rotates the coordinates and gives each landmark adjusted coordinates.



Before Procrustes f

After

e Rotated
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Here are the outlines of all of my fish before the Procrustes fit and after. We can see that after, all of the shapes can now be compared because they are in the same orientation.


Geometric morphometrics

Landmarks (X Y)‘ Procrustes fit ‘ Shape analyses

(shape variables)
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So now, we can put the resulting shape variables into shape analyses. 



»
Wireframes
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To visualize the shapes of these fish we use something called a wireframe graph. The wireframe just plays connect the dots with the land marks to reveal a shape. Here you can see how the wireframe shapes relate to the shapes of the fish


Hybrids are intermediate in shape
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PCA summarizes the shape variables into fewer variables, called principal components, which collectively account for most of the variability in shape. It allows us to see where the three fish types lie in “shape space” in relation to one another.


Questions

1. Can we use shape to determine the maternal parent of a hybrid?

2. At what length can we begin to differentiate Razorbacks,
Flannelmouths, and hybrids based on shape?
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A few questions I was interested in answering with the geometric morphometric analyses were


Both hybrids have similar shape
</0mm

—— Razormouth hybrid
Flannelback hybrid

P-value =0.128
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We interpret these graphs by superimposing two shapes on one another to get a visual comparison. Here in blue we see the average razorback female hybrid’s shape, compared to the average flannelmouth female hybrid’s shape in red. Therefore I pooled the hybrids for further analyses


Questions

1. Can we use shape to determine the maternal parent of a hybrid?

2. At what length can we begin to differentiate Razorbacks,
Flannelmouths, and hybrids based on shape?




®
Fish smaller than 137 mm TL are similar in shape

Total

length
P <0.001

n=218 n=64
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I put pcs and total length into a conditional inference tree analysis that split my fish into 2 groups, that are less than 137mm and greater 137mm TL. This means that these fish have statistically different shapes than these fish.


<137/ mmTL >137 mm TL

Average shape
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To visualize these shape differences we have the wireframe graphs for the small fish and the larger fish.


<137/ mmTL
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Linear Discriminant 1

A Flannelmouth
© Hybrid
+ Razorback

100 150 200
Total Length (mm)




Large fish are classified more accurately

Classified
Class

Correctness| Razorback | Flannelmouth | Hybrid n

Small Fish
Razorback| 71.2% 52 0 21 73
Flannelmouth| 76.8% 1 43 12 56
Hybrid| 71.9% 14 11 64 89

Large Fish
Razorback| 95.5% 21 0 1 22
Flannelmouth| 92.9% 0 26 2 28
Hybrid| 78.6% 1 2 11 14




Linear Discriminant 1

A Flannelmouth
© Hybrid
+ Razorback

100 150 200
Total Length (mm)




Problematic “Flannelmouth”
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Talk about complancency here


Conclusions

* Both hybrid progeny have similar shape (>70mm)

* We can not accurately discriminate between Razorbacks,
Flannelmouths, and hybrids < 137
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This project is a large collaborative effort between the Arizona game and fish department, USGS, and northern Arizona university. The project was funded through the Bureau of reclamation and the Nevada department of wildlife provided the adult razorback suckers for the project.


Lab Flannelmouths are well fed >70mm TL

Wild

—— Lab Reared







Field identification

All
Fish
>137 mm TL
<137 mmTL
Small Razorback Hybrid

Fish

Flannelmouth
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If it is difficult to discriminate these 3 fish types when they are less than 137mm, what does that mean for field identification


Theoretically...

~90-100mm TL

Razorback
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Its possible the wireframes are too simple  


Question

e As the fish types grow, how do their shapes change?
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Why Procrustes?
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In greek mythology, Procrustes was the son of Posiden and He would invite passer-bys to stay the night at his place. When the strangers would lie in his iron bed, he would fit the strangers to his bed by either stretching them out or amputating limbs that would hang over the edges.
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