Suckers reared in managed wetlands of the Upper Colorado River Basin are genetically confirmed
as Razorback Sucker
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Fin clips collected from age-0 catostomids harvested in September of 2022 from managed wetlands in the
Upper Colorado River Basin (Stewart Lake [n =34], Johnson Bottom [n=20], and Old Charley [n=30])
were provided to the Southwestern Native Aquatic Resources and Recovery Center (SNARRC) for

genetic confirmation of species. Of these 84 tissues, 81 were morphologically identified in the field as
Razorback Sucker (Xyrauchen texanus) while the remaining were identified as Flannelmouth Sucker (n =
2; Catostomus latipinnis) and a possible hybrid (n =1; X. texanus x C. latipinnis). Genetic testing of these
individuals was conducted using the GT-seq panel developed by Dowling et al. (2020). Catostomids
collected from the San Juan River were included for reference because of their accessibility within

SNARRC archives (i.e., tissue, DNA, genotypes). These individuals were collected in the wild and

morphologically identified in the field as: wild-spawned hybrids (n =30), Flannelmouth Sucker (n = 30),
and PIT tagged Razorback Sucker with known hatchery origin (n =30). Once genotyped, a two-step
approach was taken to confirm species identification for these wild-spawned Upper Basin catostomids.

First, a STRUCTURE analysis was conducted to identify individuals as either Razorback Sucker or
Flannelmouth Sucker, with methods following those described in Diver et al. (2021). Briefly, this
program estimates the most probable number of genetic clusters (herein, clusters [i.e., K]) present within
a sampled group. Each individual fish is represented in Figure 1 as a vertical barand are assigned to one
or more clusters, which are represented using different colors. The proportional assignment of each
individual to a cluster represents the probability (i.e., g-value; y-axis Figure 1) that the genetic
information from that individual belongs to one or more clusters. Here, clusters represent species (i.e.,
Flannelmouth Sucker or Razorback Sucker) and individuals with a cluster assignment of > 0.85 were
classified to that species. This assignment cutoff was chosen based on the STRUCTURE results from the
hatchery-reared Razorback Sucker collected in the San Juan River. Shared ancestry between Razorback

Sucker and Flannelmouth Sucker will not necessarily result in 100% assignment to either cluster, which is
why both species may have a small proportion of their genetic information being assigned respectively.

Given that hybridization is common between Razorback Sucker and Flannelmouth Sucker, a second test
was conducted to specifically determine if fish sampled from the managed wetlands in the Upper Basin
were hybrids. The program NewHybrids was used to estimate the probability that sampled individuals
were ‘pure’ Razorback Sucker or Flannelmouth Sucker, first-generation hybrids, second generation
hybrids (i.e., hybrid x hybrid), or first-generation backcrosses (i.¢., hybrid x Razorback Sucker or hybrid x
Flannelmouth Sucker); here, parameter setting followed those of Mussmann et al. (2024). Although
hybrids can be inferred through STRUCTURE via the proportional assignment to each cluster (e.g., first-
generation hybrids have approximately equal proportions to each cluster), NewHybrids provides a
probability of each individual being pure and/or a hybrid. Similar to STRUCTURE, probabilities can be
given across multiple classifications, and the interpretation of a NewHybrid plot is similar to
STRUCTURE in that each individual is represented by a vertical bar; however, the color assignment in a
NewHybrid plot represents the probability to classification type (i.e., pure, F1 hybrid, etc.; Figure 2).

Consequently, the application of both STRUCTURE and NewHybrids provides a complementary and
more comprehensive approach for species determination.

Results between the two analysesused (i.e., STRUCTURE and NewHybrds) were in agreement with each
other and confirmed that the majority of fish collected from the Upper Basin wetlands for genetic testing



were indeed Razorback Sucker. Genetic results were largely in agreement with field identification. The
exception to this was that one individual identified as a Flannelmouth Sucker was genetically determined
to be a Razorback Sucker and vice versa (Table 1). These two individuals were sequentially collected, and
this discrepancy could be the result of a typographical error. In total, 83 Razorback Sucker were
genetically confirmed across each of the managed wetlands, while two individuals collected from Stewart
Lake were genetically determined to be Flannelmouth Suckerand one individual from Old Charley was
identified as a second-generation hybrid (i.e., hybrid x hybrid). The identification of a second-generation
hybrid suggests that hybrids are not only present in the Upper Colorado River Basin but are recruiting and
reproducing as well. Hybridization between these species is not uncommon and does not necessarily
warrant concern; however, the prevalence of hybrids in the Upper Colorado River Basin is not fully
understood as the sampling here was likely not comprehensive to determine hybrid frequency.

Nonetheless, these results confirm that wild-spawned Razorback Sucker were successfully recruited to
age-0 in these managed wetlands, which represents significant progress in recovering this species.

References

Diver, T.A., S.M. Mussmann, S.L. Durst, and N.R. Franssen. 2021. Effective number of breeders and
reconstructed sibships reveal low reproductive output by a reintroduced population of endangered
fish. Aquatic Conservation Marine and Freshwater Ecosystems, 31(12): 3416-3428.

Dowling, T.E., A.J. Wicks, J.B. Corush, and T.J. Krabbenhoft. 2020. Development of SNP markers for sex
determination, parentage assessment, and population genetics of razorback sucker, 2020 Final
Report. Submitted to the Lower Colorado River Multi-Species Conservation Program, Bureau of

Reclamation, Boulder City, Nevada, by Wayne State University, Detroit, Michigan, under
Agreement No. R16AP00174.

Mussmann, S.M., M.J. Saltzgiver, T.A. Diver, and B.J. Schleicher. 2024. Genetic evaluation of

hybridization among three native sucker species of the San Juan River. U.S. Fish and Wildlife
Service, San Juan River Basin Recovery Implementation Program, Albuquerque, New Mexico.



1.0

«©
o
o ]
o
< ]
(]
N
(=)
e
o
Flannelmouth Hybrids Razorback Sttt Lake Johnson Old Charley
Sucker Sucker Bottom
San Juan River Basin Upper Colorado River Basin

Figure 1. STRUCTURE analysis of wild-caught catostomids from the Upper Colorado and San Juan
River Basins. Each vertical bar represents an individual fish and the color proportional assignment of each
individual to a genetic cluster is shown using different colors with Flannelmouth Sucker in yellow and

Razorback Sucker in green. Fish of hybrid origin share ancestry with both species and have
approximately 50% assignment to each cluster.
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Figure 2. NewHybrids results with pure Razorback Sucker and Flannelmouth Sucker from the San Juan
River included for reference along with field identified hybrids. Each vertical bar represents posterior
distribution assignments for each of the following categories: pure Razorback Sucker are in green, pure
Flannelmouth Sucker in yellow, F1 hybrids are in blue, F2 hybrids are in purple, F1 Razorback Sucker
backcrosses are in red, and F1 Flannelmouth Sucker backcrosses are in orange.

Table 1. Sample information for all Upper Basin catostomids provided for genetic confirmation of

species. Sample information includes the Southwestern Native Aquatic Resource and Recovery Center’s
sample identification (i.e., Sample ID), morphological identification in the field, genetic confirmation via
STRUCTURE and NewHybrids, field site or managed wetland, passive integrated transponder (PIT) tag
if one was implanted in the field, and total length (TL) and mass (grams [g]) of fish at time of collection.

Morphological | Genetic . TL | Mass
Sample ID I“PID g D Site PIT Tag (mm) | (g
XtexW22SL 001 Catlat Catlat Stewart Lake - 113 -
XtexW22SL 002 Xyrtex Xyrtex Stewart Lake 3DD003BFSDBIC | 124 -
XtexW22SL 003 Xyrtex Xyrtex Stewart Lake 3DD003BFSDB21 | 164 -
XtexW22SL 004 Xyrtex Xyrtex Stewart Lake 3DDO003BFS8DB4B | 147 -
XtexW22SL_005 Xyrtex Xyrtex Stewart Lake 3DD003BFSDAFF | 163 -
XtexW22SL 006 Xyrtex Xyrtex Stewart Lake 3DDO003BFS8DB08 | 121 -




XtexW22SL 007
XtexW22SL 008
XtexW22SL 009
XtexW22SL 010
XtexW22SL 011
XtexW22SL 012
XtexW22SL 013
XtexW22SL 014
XtexW22SL 015
XtexW22SL 016
XtexW22SL 017
XtexW22SL 018
XtexW22SL 019
XtexW22SL 020
XtexW22SL 021
XtexW22SL 022
XtexW22SL 023
XtexW22SL 024
XtexW22SL 025
XtexW22SL 026
XtexW22SL 027
XtexW22SL 028
XtexW22SL 029
XtexW22SL 030
XtexW22SL 031
XtexW22SL 032
XtexW22SL 033
XtexW22SL 034
XtexW22UCB 001
XtexW22UCB_002
XtexW22UCB 003
XtexW22UCB_004
XtexW22UCB_005
XtexW22UCB_006
XtexW22UCB_007
XtexW22UCB 008
XtexW22UCB_009
XtexW22UCB 010
XtexW22UCB 011
XtexW22UCB 012
XtexW22UCB_013
XtexW22UCB 014
XtexW22UCB_015

Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Catlat
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex

Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex

Catlat
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex

Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Stewart Lake
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom

3DDO003BF8DAFE
3DD003BF8DB22
3DDO003BF8DB06
3DD003BF8DB40
3DD003BF8DAF4
3DD003BF8DB49
3DDO003BFS8E0C7
3DDO003BF8E124

3DDO003BFS8E0D9
3DDO003BF8EOF8

3DDO003BFSEOEC
3DD003BF8EOD7
3DDO003BF8E127

3DD003BF8E128

3DDO003BF8E0C9
3DDO003BFSE0CS8
3DD003BFS8E6AD
3DDO003BFS8E6EE
3DD003BFSE6C8
3DD003BF8E6EQ

3DDO003BF90C5D

3DD003BF90734

112
113
70

83

85

100
115
121
117
119
111
108
121




XtexW22UCB 016
XtexW22UCB 017
XtexW22UCB_018
XtexW22UCB 019
XtexW22UCB_020
XtexW22UCB 021
XtexW22UCB_022
XtexW22UCB 023
XtexW22UCB_024
XtexW22UCB_025
XtexW22UCB 026
XtexW22UCB_027
XtexW22UCB 028
XtexW22UCB_029
XtexW22UCB_030
XtexW22UCB_031
XtexW22UCB 032
XtexW22UCB 033
XtexW22UCB_034
XtexW22UCB 035
XtexW22UCB_036
XtexW22UCB 037
XtexW22UCB_038
XtexW22UCB_039
XtexW22UCB_040
XtexW22UCB 041
XtexW22UCB 042
XtexW22UCB_043
XtexW22UCB 044
XtexW22UCB_045
XtexW22UCB 046
XtexW22UCB_047
XtexW22UCB 048
XtexW22UCB_049
XtexW22UCB_050

Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Catlat/hybrid
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex

Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
F2 hybrid
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex
Xyrtex

Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Johnson Bottom
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley
Old Charley

3DD003BF90710
3DD003BF90C4E
3DD003BF901B2
3DDO003BF901EE
3DD003BF901B0

3DD003BF901A9
3DD003BF90C7F
3DDO003BF90C7C
3DD003BF90C2B
3DD003BF90C7E
3DD003BF9075F
3DD003BF9076E
3DD003BF9073D
3DD003BF90714
3DD003BF9075C

3DD003BF9074F
3DD003BF90758
3DD003BF90731

3DDO003BF90757
3DDO003BF90759
3DD003BF90750

112
98

109
73

121
135
167
153
167

144
84
144
136
121
145
121
154
143
156
133
90
112
118
110
125
131
141
81
122
108
128
130
65
72

12
12
15

18
27
52
41
49

27

32
23
18
29
18
27
29
36
24
13
14

18
22
27

19
12
21
20




