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Characterizing the patterns of invasion can help 
inform management decisions. Hussner et al.5 
defines three different management goals: 
containment, reduction, and eradication. Managers 
require knowledge of a site and what potential 
invasive species are in the area to determine the 
most effective management strategy. Invasions 
also cross borders, requiring information on 
patterns of invasion well in advance to coordinate 
inter-state and international collaborations.5

We focused on Nitellopsis obtusa, Hydrilla 
verticillata, and Najas minor, which are aquatic 
species invasive to North America.2 N. obtusa is 
native to Europe and Asia.4 Monoecious H. 
verticillata is native to Korea.6 N. minor is native to 
Europe, North Africa, and Asia.11 All three species 
create dense mats in lakes and streams and root 
in the sediment.18,19,21 They all reproduce asexually 
through fragmentation, and are often transported 
to different lakes and streams by watercraft.18,19,21 
In order to determine invasional patterns for our 
species, we calculated each of their spread rates 
and comparison spread rates and estimated their 
ranges. Due to their similar morphologies, we 
expected the rates and ranges of N. obtusa, H. 
verticillata, and N. minor to be the same.

Occurrence points within our study range of the 
Northeast US and Southeastern Canada were 
downloaded from GBIF3, iDigBio7, and 
iMapInvasives8. We estimated spread rates by 
using QGIS16 to create polygons from the 
occurrence points. We represented change over 
time by generating polygons for each five-year 
interval cumulatively (e.g., 1940-1944, 1940-1949, 
etc.). Only areas overlapping with lake boundaries 
(LakeATLAS)10 were used in our analysis. The R 
Programming Environment17,20 was used to 
calculate the rates of spread for each individual 
species and comparison rates in pairs. The rates of 
H. verticillata and N. minor used a linear regression 
and N. obtusa used an exponential model to best 
fit the data.

DISCUSSION
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H. verticillata and N. minor appear to be 
spreading at a similar rate, while N. obtusa 
appears to be spreading at a rate that is 
exponential and faster than the aforementioned 
species. The occurrence points suggest that N. 
obtusa's pattern of spread is increasing its density 
more than its geographic range over time. 
Therefore, N. obtusa has a notably distinct 
invasional pattern. Another contributing factor 
may be the life history trait differences between 
the alga, N. obtusa, and the vascular plants, H. 
verticillata and N. minor.18,19,21

N. obtusa is beginning to spread to Minnesota and 
Vermont. The efficacy of invasional prevention and 
early stage removal is known1, however eradication 
methods and their long-term effectiveness need 
more research.9 We recommend lake managers in 
Minnesota and Vermont with known recreational 
boat use in their localities create prevention and 
early stage removal plans ahead of N. obtusa 
establishment.

We would like to thank all the members of Dr. Yang’s research lab and Dr. 
Hoven for continued support and advice. We would also like to thank the 
Geneseo Student Association and the Geneseo Foundation for providing 
travel funding through the Undergraduate TRAC Grant Program.

1. Cleckner, L., Mosher, H., Kastan, M., & Carr, D. (2022, January). Starry stonewort management guide. Starry Stonewort 
Collaborative; Finger Lakes Institute & Finger Lakes Partnership for Regional Invasive Species Management; Hobart and William 
Smith Colleges. https://starrystonewort.org/wp-content/uploads/sites/17/2022/01/SSW-Management-guide-final-010522.pdf 

2. Finley, D., Dovciak, M. & Dean, J. (2023). A data driven method for prioritizing invasive species to aid policy and management. 
Biol Invasions, 25, 2293–2307. https://doi.org/10.1007/s10530-023-03041-3 

3. GBIF.org (2023), GBIF Home Page
4. Soulié-Märsche, I., Benammi, M., & Gemayel, P. (2002). Biogeography of living and fossil Nitellopsis (Charophyta) in 

relationship to new finds from Morocco. Journal of Biogeography, 29(12), 1703–1711. http://www.jstor.org/stable/827337 
5. Hussner, A., Stiers, I., Verhofstad, M.J.J.M., Bakker, E.S., Grutters, B.M.C., Haury, J., van Valkenburg, J.L.C.H., Brundu, G., Newman, J., 

Clayton, J.S., Anderson, L.W.J., & Hofstra, D. (2017). Management and control methods of invasive alien freshwater aquatic 
plants: A review. Aquatic Botany, 136, 112-137. https://doi.org/10.1016/j.aquabot.2016.08.002

6. Hydrilla. New York Invasive Species Information. (2019, July 2). Retrieved April 23, 2023, from 
https://nyis.info/invasive_species/hydrilla/

7. iDigBio.org (2023), iDigBio Home Page
8. iMapInvasives: NatureServe’s online data system supporting strategic invasive species management. © 2023, NatureServe. 

Available at http://www.imapinvasives.org. (Date accessed: 08,12,2023.)
9. Larkin, D. J., Monfils, A. K., Boissezon, A., Sleith, R. S., Skawinski, P. M., Welling, C. H., Cahill, B. C., & Karol, K. G. (2018). Biology, 

ecology, and management of starry stonewort (Nitellopsis obtusa; Characeae): A Red-listed Eurasian green alga invasive in 
North America. Aquatic Botany, 148, 15–24. https://doi.org/10.1016/j.aquabot.2018.04.003 

10. Lehner, B., Messager, M.L., Korver, M.C., & Linke, S. (2022). Global hydro-environmental lake characteristics at high spatial 
resolution. Scientific Data 9: 351. doi: https://doi.org/10.1038/s41597-022-01425-z

11. Les, D.H., Peredo, E.L., Tipperary, N.P., Benoit, L.K., Razifard, Hamid, King, U.M., Na, H., Choi, H., Chen, L., Shannon, R.K., & Sheldon, 
S.P. (2015). Najas minor (Hydrocharitaceae) in North America: A reappraisal. Aquatic Botany, 126, 60-72. 
https://doi.org/10.1016/j.aquabot.2015.06.005 

12. mbelitz (2017). Photo 11399271 [Photograph]. iNaturalist.org. https://www.inaturalist.org/photos/11399271
13. Mehrhoff J. L. (2007). Image Number: 5270090 [Photograph]. University of Connecticut, Bugwood.org. 

https://www.invasive.org/browse/detail.cfm?imgnum=5270090
14. Mehrhoff J. L. (2007). Image Number: 5274075 [Photograph]. University of Connecticut, Bugwood.org. 

https://www.invasive.org/browse/detail.cfm?imgnum=5274075 
15. Neumann, D. and Geospatial Services (2019): Concave Hull plugin for QGIS. Version 2.0. URL: 

https://github.com/detlevn/QGIS-ConcaveHull-Plugin (last accessed: 2024/04/12)
16. QGIS.org, 2024. QGIS Geographic Information System. QGIS Association. http://www.qgis.org
17. R Core Team (2022). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, 

Austria. URL https://www.R-project.org/.
18. Robinson, M. (2002). Hydrilla: An invasive aquatic plant - massachusetts. The Commonwealth of Massachusetts. Retrieved April 

23, 2023, from https://www.mass.gov/doc/hydrilla-1/download 
19. Robinson, M. (2004). European naiad: An invasive aquatic plant (Najas minor). Massachusetts Department of Conservation and 

Recreation; Office of Water Resources; Lakes and Ponds Program https://www.mass.gov/doc/european-naiad-0/download
20. RStudio Team (2020). RStudio: Integrated Development for R. RStudio, PBC, Boston, MA URL http://www.rstudio.com/. 
21. Sleith, R.S., Havens, A.J., Stewart, R.A., & Karol, K.G. (2015). Distribution of Nitellopsis obtusa (Characeae) in New York, U.S.A. 

Brittonia, 67(2), 166–172. http://www.jstor.org/stable/24694486 

LIMITATIONS & FUTURE WORK
We used the QGIS Concave Hull plugin to produce 

our polygons.15 However, the plugin’s algorithm did 
not always result in a distribution area that increased 
over time. This error led us to consider the rates in 
relation to each other instead of the actual values 
themselves. In addition, our analyses used historical 
occurrence data, which inherently contain sampling 
biases.

Our future work includes using species 
distribution models to compare environmental 
niches between the three species. Looking at the 
invasional patterns and the niches together can 
help us determine if competition between the 
species is occurring.

N. obtusa is spreading at a 
higher rate than H. 

verticillata and N. minor 
and may be overlooked as 

an ecological threat
Nitellopsis obtusa12 Hydrilla verticillata14 Najas minor13

Geographic extent of H. verticillata 
occurrences in North America

● Estimated current area:  219.35 km2

● Spread rate: 0.16 ± 0.046 km2/year 
(t = 3.48, p = 0.025, R2 = 0.75)

● N. obtusa is spreading faster than 
both H. verticillata and N. minor.
○ N. obtusa & H. verticillata:     

-5.77 ± 1.51 km2/year                  
(t = -3.82,  p = 0.0051, df = 8, R2 
= 0.65)

○ N. obtusa & N. minor:           
-19.55 ± 8.29 km2/year               
(t = -2.36, p = 0.046, df = 8, R2 = 
0.41)

Geographic extent of N. obtusa 
occurrences in North America

Geographic extent of N. minor 
occurrences in North America

● Estimated current area:  151.24 km2

● Spread rate: -2.05 ± 1.71 km2/year      
(t = -1.20, p = 0.27, R2 = 0.15)

● H. verticillata is spreading slower 
than N. obtusa, but the same as N. 
minor.
○ H. verticillata & N. obtusa:     

-5.77 ± 1.51 km2/year                  
(t = -3.82,  p = 0.0051, df = 8, R2 
= 0.65) 

○ H. verticillata & N. minor:      
-6.67 ± 9.51 km2/year                 
(t = -0.70, p = 0.51, df = 7, R2 = 
0.066)

● Estimated current area:  819.79 km2

● Spread rate: -72.26 ± 52.75 km2/year 
(t = -1.37, p = 0.19, R2 = 0.094)

● N. minor is spreading slower than N. 
obtusa, but the same as H. 
verticillata.
○ N. minor & N. obtusa:              

-19.55 ± 8.29 km2/year                 
(t = -2.36, p = 0.046, df = 8, R2 = 
0.41)

○ N. minor & H. verticillata:         
-6.67 ± 9.51 km2/year                    
(t = -0.70, p = 0.51, df = 7, R2 = 
0.066)
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