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Executive Summary

Introduction

The original goal of this project was to determine whether Alicona MeX
software could be used to create 3D models and anaglyphs from stereo-
pairs of Scanning Electron Microscope (SEM) images of invasive mussel
veligers. However delays in receipt of funding and purchase of software
necessary to complete the work prevented completion of the project as
proposed.

Purpose

Zebra and quagga mussels are prolific breeders, clogging water intake
structures that impact water treatment facilities and power-producing
infrastructure. Because adult populations are difficult to discover by
normal field sampling procedures, the Reclamation Detection Laboratory
for Invasive and Native Species has discovered that identifying the
mussels in their veliger stages gives water managers an earlier warning
about a possible infestation than waiting for adult populations.

Veligers, the larval form of mussels and other bivalves, are microscopic
(between 97 and 492 microns). The purpose of this scoping study was to
determine whether 3D images and anaglyphs created from stereo-pairs of
SEM images could aid Detection Laboratory biologists in identifying and
studying morphological differences and changes in invasive mussels.

Increasing our knowledge of these species may (1) help Reclamation in
early detection, (2) add to our understanding of the conditions under which
these species thrive, and (3) help determine how invasive species spread
by defining morphological differences in populations.



Results

Between August, 2014 and September, 2015, Detection Laboratory
biologists collected ten samples of possible invasive mussels from nine
water bodies. These samples were submitted to the Pl for SEM imaging
during FY2015.

Because of delays in receiving funding and the Alicona MeX software, 3D
models were not created. However, anaglyphs were created using stereo-
pair SEM images of some samples.

SEM images of the samples may be found in Appendix A. Appendix B
includes the anaglyphs created for some of the samples using Alicona
MeX software (Alicona, 2013). Anaglyphs can be viewed with 3D glasses
with a red filter in the left lens and a blue filter in the right lens.

Table 1 summarizes the invasive mussel sample ID numbers, sample
locations and where the images can be found in the appendices.



Table 1. Summary of Invasive Mussel Veliger Samples and their associated SEM images and Anaglyphs.

Sample Date SEM Images Anaglyphs
ID State Water Body Collected (Appendix A) (Appendix B)
Figure A-1 Figure A-6
Figure A-2 Figure A-7
EQ767 SD Angostura Reservoir | 08/05/2014 Figure A-3 FigureA-8 | -
Figure A-4 Figure A-9
Figure A-5
E0934 KS Glen Elder Reservoir | 09/11/2014 Figure A-10 Figure A-22 | -
£0940 OK Lake Thunderbird 09/04/2014 Figure A-12 F!gure B-1 Figure B-3
(Norman Dam) Figure B-2
E1212 CA Santa I\_/Iarganta 10/26/2014 F!gure A-13 Figure A-15 |
River Figure A-14
E1264 uT Deer Creek 10/30/2014 Figure A-16 Figure B-4
Reservoir
Apache Lake . .
E1366 AZ (Horse Mesa Dam) 12/19/2014 Figure A-17 Figure B-5
Belle Fourche Figure A-18 Figure A-20
Fo321 Sb (Orman) Reservoir 06/01/2015 Figure A-19 Figure A-22 | 77
FO573 AZ Roosevelt Lake 07/21/2015 Figure A-22 Figure B-6
Apache Lake . .
F0843 AZ (Horse Mesa Dam) 08/19/2015 Figure A-23 Figure B-7
Figure A-24 Figure A-28
i , , Figure A-25 Figure A-29 Figure B-8
F0889 CO-NM Navajo Reservoir 09/02/2015 Figure A-26 Figure A-30 Figure B-9

Figure A-27

Figure A-31
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Veligers

References

Alicona, 2013, Alicona MeX User Manual: Turn Your SEM Into A 3D
Measurement Device, MeX 6.1-EN-08.06.2013, 208 pp.



Appendix A

Scanning Electron Microscope Images of Mussel Veligers
FY 2015

HVY |mag & | HFW WD
15.00 kV| 734 x |203 pm 10.2 mm | --- USGS Denver Microbeam Lab 15

Figure A-1. Secondary Date Date
Electron Image (SEl, ID SIELS BT (Bl Collected Imaged
upper right), Backscatter
Electron Image (BSC;
lower right), and false Angostura
color composite image E0767 Sb Res
(left) of the SEl and BSC
images.

08/05/2014 | 11/14/2014
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HV |mag e | HFW = WD |det ——— 100 pm
15.00 kV| 636 x |235 pm 10.4 mm | --- USGS Denver Microbeam Lab

Figure A-2. SEI (upper Date Date

right), BSC (lower right), ID | State | WaterBody | yjocred | imaged
and false color composite
image (left) of the SEI EQ767 SD
and BSC images.

Angostura

08/05/2014 | 11/14/2014
Res




HV |mag = | HFW WD
15.00 kV| 617 x |242 ypm 10.3 mm| ---

Figure A-3. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI
and BSC images.

100 pm

USGS Denver Microbeam Lab 15

Date Date
ID State Water Body Collected Imaged
E0767 | SD A”9R°:St“ra 08/05/2014 | 11/14/2014
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HV |mag = | HFW WD —— 100 pm
15.00 kV| 566 x |264 pm 10.3 mm| --- USGS Denver Microbeam Lab "
Figure A-4. SEI (upper Date Date
right), BSC (lower right), 1 S HiiEr 2l Collected Imaged
and false color composite Angostura
image (left) of the SEI EOQ767 SD gRes 08/05/2014 | 11/14/2014
and BSC images.




HV |mag & | HFW WD

15.00 kV| 567 x |263 pm 10.3 mm| ---

Figure A-5. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI
and BSC images.

100 ym
USGS Denver Microbeam Lab 15

Date Date
ID State Water Body Collected Imaged
E0767 SD A”%O(;S;“ra 08/05/2014 | 11/14/2014
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HV |mag & | HFW WD
15.00 kV| 566 x |264 pm 10.3 mm| ---

Figure A-6. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI
and BSC images.

100 pm

USGS Denver Microbeam Lab 15

Date Date
ID State Water Body Collected Imaged
E0767 | SD A”gr\?:;“ra 08/05/2014 | 11/14/2014




HV |mag = | HFW WD
15.00 kV| 872 x |171 ym 10.4 mm | ---

Figure A-7. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI
and BSC images.

det

50 ym

USGS Denver Microbeam Lab 15

D State Water Date Date
Body Collected Imaged
E0767 SD A”%’;;”ra 08/05/2014 | 11/14/2014
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HV |mag = | HFW WD ——— 100 pm ——
15.00 kV| 658 x |227 pm 10.3 mm| --- USGS Denver Microbeam Lab 15
Figure A-8. SEI (upper Date Date
right), BSC (lower right), ID | State | WaterBody | yjocred | imaged
and false color composite

Angostura

image (left) of the SEI E0767 | SD 08/05/2014 | 11/14/2014

and BSC images.

Res




HV |mag & | HFW WD

15.00 kV| 630 x |237 pm 10.4 mm | ---

Figure A-9. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI
and BSC images.

LI e —
USGS Denver Microbeam Lab -

Date Date
ID State Water Body Collected Imaged
E0767 | SD A”%’:;“ra 08/05/2014 | 11/14/2014
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HV |mag = | HFW WD |det —— 100 pm

15.00 kV| 578 x |258 pm 10.2 mm| --- USGS Denver Microbeam Lab 15

Figure A-10. SEI (upper Date Date
9 (upp ID State | Water Body

right), BSC (lower right),
and false color composite Glen Elder
image (left) of the SEI and E0934 KS Res 09/11/2014 | 11/14/2014
BSC images. '

Collected Imaged




HV |mag = | HFW WD |det | — L V0 1111}

15.00 kV| 673 x |222 pm 10.3 mm| --- USGS Denver Microbeam Lab 15
Figure A-11. SEI (upper Date Date
right), BSC (lower right), ID | State | WaterBody | i yected | Imaged
and false color composite

Glen Elder

image (left) of the SEI and E0934 KS 09/11/2014 | 11/14/2014
: Res.
BSC images.
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HV |mag & | HFW | WD |det — 1% ] V101
20.00 kV| 566 x |264 pm 8.5 mm| --- USGS Denver Microbeam Lab

Figure A-12. SEI (upper Date Date
right), BSC (lower right), | '° | Stae | WaterBody | oopocied | imaged
and false color Lake

composite image (left) of . 02/03/2015
the SEI and BSC E0940 OK Thunderbird 09/04/2015 09/09/2015

. (Norman Dam)
images.




HV |mag = | HFW WD |det
20.00 kV| 391 x 381 ym/7.6 mm| ---

Figure A-13. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

200 pm

USGS Denver Microbeam Lab

Date Date
ID State Water Body Collected Imaged
Santa
E1212 CA Margarita 10/26/2014 | 02/03/2015
River
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HV |mag = | HFW WD 50 pm
20.00 kV| 951 x [157 pm 10.0 mm| --- USGS Denver Microbeam Lab 20

Figure A-14. SEI (upper Date Date
right), BSC (lower right), ID SIElE iy Beel Collected Imaged
and false color composite Santa

image (left) of the SEl and | E1212 CA Margarita 10/26/2014 | 02/03/2015
BSC images. River




HV |mag = | HFW WD |det
20.00 kV/1 131 x/132 pm 10.0 mm | ---

50 ym

USGS Denver Microbeam Lab

Figure A-15. SEI (upper
right), BSC (lower right),

and false color composite
image (left) of the SEI and
BSC images.

D State Water Date Date
Body Collected Imaged
Santa
E1212 CA Margarita | 10/26/2014 | 02/03/2015
River




Scanning Electron Microscope (SEM) Imaging and Anaglyphs of Invasive Mussel
Veligers

HV |mag = | HFW WD |det ——— 100 ym
20.00 kV| 800 x /186 pum 10.0 mm| --- USGS Denver Microbeam Lab
Figure A-16. SEI (upper D State Water Date Date
right), BSC (lower right), Body Collected Imaged
and false color composite Deer
image (left) of the SEI and E1264 uT Creek | 10/30/2014 | 02/03/2015
BSC images. Res.




HV mag B | HFW WD |det
20.00 kV| 476x 314 pm 8.3 mm | ---

USGS Denver Microbeam Lab

Figure A-17. SEI (upper

right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

Water Date Date
ID SIElS Body Collected Imaged
Apache
Lake
E1366 AZ (Horse 12/19/2014 | 09/09/2015
Mesa

Dam)
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HV |mag = | HFW | WD |det — % V10

15.00 kV| 617 x |242 pm 8.5 mm| --- USGS Denver Microbeam Lab i

Figure A-18. SEI (upper Date Date
right), BSC (lower right), 1o Sl | EEr Bl Collected Imaged
and false color composite

Belle Fourche

image (left) of the SEl and | F0321 SD (Orman) Res 06/01/2015 | 07/09/2015
BSC images. '




A
HFW
15.00 kV| 905 x [165 pm 8.5 mm| ---

HV |mag & WD |det

Figure A-19. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

50 pm

USGS Denver Microbeam Lab

Date Date
ID State Water Body Collected Imaged
Belle
F0321 SD Fourche | 56/61 15015 | 07/00/2015
(Orman)

Res.
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HV |mag = | HFW WD |det —1 1 V11|
15.00 kV| 349 x 1428 uym 8.7 mm| --- USGS Denver Microbeam Lab
Figure A-20. SEI (upper ID | State | Water Body Colﬁg::?e g Irr?;‘; .
right), BSC (lower right), Belle
and false color composite Fourche
image (left) of the SEl and | F0321 SD (Orman) 06/01/2015 | 07/09/2015
BSC images. Res




HFW = WD |det

HV |mag &
15.00 kV| 951 x [157 pm 8.5 mm| ---

Figure A-21. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

50 ym

USGS Denver Microbeam Lab 15

Date Date
ID State Water Body Collected Imaged
Belle
F0321 SD Fourche | 56/61 15015 | 07/00/2015
(Orman)

Res.




Scanning Electron Microscope (SEM) Imaging and Anaglyphs of Invasive Mussel
Veligers

HY mags HFW | WD |det ——— 100 pm
10.00 kV 617 x 242 um 13.2 mm|LFD USGS Denver Microbeam Lab
Date Date
. . B Sl BT e Collected Imaged
Figure A-22. SEIl image Roosevelt
FO573 AZ Lake 07/21/2015 | 09/09/2015




HV |mag = | HFW WD |det 50 ym g

15.00 kV| 900 x [166 pm 8.4 mm| --- USGS Denver Microbeam La

Figure A-23. SEI (upper ID State | Water Body Colﬁ:(t:?e d In?;ti d
right), BSC (lower right), Aoachs 9
and false color composite IF_)ake

image (left) of the SEI and F0843 AZ
BSC images.

(Horse Mesa 08/19/2015 | 10/09/2015

Dam)
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HFW = WD |det

HV |mag e
15.00 kV| 465 x [321 ym 8.6 mm| ---

Figure A-24. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

100 pm

USGS Denver Microbeam Lab

Water Date Date
D SIElS Body Collected Imaged
FO889 | CO-NM N;ZZ‘JO 09/02/2015 | 10/09/2015




HFW = WD |det

HV mag &
15.00 kV| 232 x |642 pm 8.3 mm| ---

Figure A-25. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

300 pm

USGS Denver Microbeam Lab

15.C

Water Date Date
ID SIElS Body Collected Imaged
FO889 | CO-NM Ns;gjo 09/02/2015 | 10/09/2015
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HVY mag s | HFW WD |det
15.00 kV|1 107 x/135 pm 8.5 mm| ---

Figure A-26. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

50 ym
USGS Denver Microbeam Lab 15

Water Date Date
D SIElS Body Collected Imaged
FO889 | CO-NM N;ZZ‘JO 09/02/2015 | 10/09/2015




HFW = WD |det

HV |mag =
15.00 kV| 451 x |331 um 9.9 mm| ---

Figure A-27. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

100 pm

USGS Denver Microbeam Lab

D State Water Date Date
Body Collected Imaged
FO889 | CO-NM N;ZZ‘JO 09/02/2015 | 10/09/2015
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HVY |mag & | HFW WD |det
15.00 kV| 600 x |249 pm 10.1 mm| ---

Figure A-28. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

100 pm
USGS Denver Microbeam Lab

Water Date Date
D SIElS Body Collected Imaged
FO889 | CO-NM N;ZZ‘JO 09/02/2015 | 10/09/2015




HFW = WD |det

HV |mag &
15.00 kV|1 210 x[123 pm 8.1 mm| ---

Figure A-29. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

50 pm

USGS Denver Microbeam Lab

i

Water Date Date
ID SIElS Body Collected Imaged
FO889 | CO-NM Ns;";“o 09/02/2015 | 10/09/2015
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HFW = WD |det

HV mag &
15.00 kV| 713 x [209 upm 9.9 mm| ---

Figure A-30. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

100 pm

USGS Denver Microbeam Lab

D State Water Date Date
Body Collected Imaged
FO889 | CO-NM NF‘;‘;";‘JO 09/02/2015 | 10/09/2015




HV |mag & | HFW WD |det
15.00 kV| 713 x |209 pm 10.0 mm| ---

Figure A-31. SEI (upper
right), BSC (lower right),
and false color composite
image (left) of the SEI and
BSC images.

100 ym -
USGS Denver Microbeam Lab

D State Water Date Date
Body Collected Imaged
FO889 | CO-NM NF‘;‘;";‘JO 09/02/2015 | 10/09/2015
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Appendix B

Anaglyphs Created from
Scanning Electron Microscope Images
Of Mussel Veligers - FY 2015

Anaglyphs can be viewed with 3D glasses with a red filter in the left lens and a blue filter
in the right lens.

30 pm
Date Date
Figure B-1. Anaglyph ID State Water Body Collected Imaged
created from stereo pair Lake
of SEM/BSC images E0940 OK Thunderbird 09/04/2015 | 09/09/2015
(Norman Dam)
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Figure B-2. Anaglyph
created from stereo pair
of SEM/BSC images

Date Date
ID State Water Body Collected Imaged
Lake
E0940 OK Thunderbird 09/04/2015 | 09/09/2015

(Norman Dam)




Figure B-3. Anaglyph
created from stereo pair
of SEM/BSC images

Date Date
ID State Water Body Collected Imaged
Lake
E0940 OK Thunderbird 09/04/2015 | 09/09/2015

(Norman Dam)
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Figure B-4. Anaglyph
created from stereo pair of
SEM/BSC images

D State Water Date Date
Body Collected Imaged
Deer
E1264 uT Creek 10/30/2015 | 02/03/2015

Res.




Figure B-5. Anaglyph
created from stereo pair of
SEM/BSC images

Date

Date

ID SIELS Body Collected Imaged
Apache
Lake
E1366 AZ (Horse | 12/19/2014 | 09/09/2015
Mesa
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Figure B-6. Anaglyph
created from stereo pair
of SEM/BSC images

Date Date
ID State Water Body Collected Imaged
FO573 | Az Roosevelt | 75112015 | 09/09/2015

Lake




Figure B-7. Anaglyph
created from stereo pair of
SEM/BSC images

(Horse Mesa
Dam)

Date Date
ID State | Water Body Collected Imaged
Apache
Lake
F0843 AZ 08/19/2015 | 10/09/2015
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Figure B-8. Anaglyph
created from stereo pair of
SEM/BSC images

D State Water Date Date
Body Collected Imaged
F0889 | co-NM | Navalo | 59/052015 | 10/09/2015

Res.




Figure B-9. Anaglyph
created from stereo pair of
SEM/BSC images

D State Water Date Date
Body Collected Imaged
F0889 | co-NM | NavValo | 59/052015 | 10/09/2015

Res.
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