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Introduction

To Iowans, our lakes are prime destinations for outdoor recreation, driving more than $1
billion in direct spending annually for local lake economies. Harmful Algal Blooms
(HABs) pose a direct and growing threat to income from our lakes, the health of our
families, and the freedom to enjoy our recreational waters without fear. Located in
Dickinson County, lowa, the lowa Great Lakes region consistently experiences HAB
conditions while remaining a major tourism hub spanning nine water bodies, with West
Okoboji Lake annually drawing over one million visitors. The Cooperative Lakes Area
Monitoring Project (CLAMP) was developed and implemented in 1999 by the lowa
Lakeside Lab and Friends of Lakeside Lab to build a long-term dataset to monitor algal
conditions and educate local citizens about lake ecology. For the past 26 years, local
Iowa Great Lakes residents have collected key algal indicators, including temperature,
dissolved oxygen, total phosphorus, total nitrogen, Secchi depth, and Chlorophyll-a,
biweekly during the summer at 27 sites across the 9 waterbodies in Dickinson County.
The high number of sampling sites across the lowa Great Lakes enables rigorous
characterization of long-term spatiotemporal variability in algal abundance, nutrients,
water clarity, and temperature in an area of increasing HAB threat. Here, we report 26
years of in situ and laboratory-verified water quality data across the three primary lakes
of the lowa Great Lakes region: Big Spirit, East Okoboji, and West Okoboji. These
three waterbodies exhibit significant variability in morphology, optics, and trophic
status: Big Spirit Lake is lowa’s largest lake by surface area but is relatively shallow,
while West Okoboji Lake is Iowa’s deepest and largest by volume.

Method

Using CLAMP data, we create per-lake time series to show trends in eutrophication,
water clarity, and bloom-prone conditions; assess variability in algal conditions (e.g.,
chlorophyll-a, Secchi depth) within and between lakes; identify lakes or sampling sites
with ongoing eutrophic or hypereutrophic states; and examine how these patterns
change seasonally and over decades. Finally, we use a seasonal Kendall trend analysis



to assess the direction and magnitude of change across all primary CLAMP variables
reported.

Results

Despite their close proximity, we observed distinct algal dynamics among the study
lakes, with Big Spirit and East Okoboji consistently classified as hypereutrophic.
Furthermore, chlorophyll-a dynamics within lakes can vary significantly, reflecting
strong spatial heterogeneity in algal blooms across waters. Finally, we quantify and
demonstrate multi-decadal decreases in eutrophying nutrients, but a strong increase in
water temperature across the study lakes.

Discussion and Conclusion

Inland lakes can serve as sentinels for the effects of anthropogenic climate change.
Progressive eutrophication and warming waters trigger a cascade of ecological
consequences, including more frequent and intense cyanobacterial, or harmful, algal
blooms. This work validates the scientific and social utility of long-term citizen-led
scientific initiatives to understand, monitor, and act to preserve their waters against
long-term hazards.

References

Dodds, W. K., Bouska, W. W., Eitzmann, J. L., Pilger, T. J., Pitts, K. L., Riley, A. J.,
Schloesser, J. T., & Thornbrugh, D. J. (2009). Eutrophication of U.S.
Freshwaters: Analysis of Potential Economic Damages. Environmental Science
& Technology, 43(1), 12—19. https://doi.org/10.1021/es801217q

Doyle, T., Schilling, K., Kerr, P., & Streeter, M. (2025). lowa Great Lakes Hydrology
and Diagnostic Study (Technical Information Series TIS-60; Technical
Information Series 60). lowa Geologic Survey, IIHR-Hydroscience &
Engineering, University of lowa.

Hollister, J. W., Kellogg, D. Q., Kreakie, B. J., Shivers, S. D., Milstead, W. B., Herron,
E. M., Green, L. T., & Gold, A.J. (2021). Analyzing long-term water quality of
lakes in Rhode Island and the northeastern United States with an anomaly
approach. Ecosphere, 12(6), €03555. https://doi.org/10.1002/ecs2.3555

Michalak, A. M., Anderson, E. J., Beletsky, D., Boland, S., Bosch, N. S., Bridgeman, T.
B., Chaffin, J. D., Cho, K., Confesor, R., Daloglu, 1., DePinto, J. V., Evans, M.
A., Fahnenstiel, G. L., He, L., Ho, J. C., Jenkins, L., Johengen, T. H., Kuo, K.
C., LaPorte, E., ... Zagorski, M. A. (2013). Record-setting algal bloom in Lake
Erie caused by agricultural and meteorological trends consistent with expected
future conditions. Proceedings of the National Academy of Sciences, 110(16),
6448-6452. https://doi.org/10.1073/pnas.1216006110

Paerl, H. W., & Huisman, J. (2009). Climate change: A catalyst for global expansion of
harmful cyanobacterial blooms. Environmental Microbiology Reports, 1(1), 27—
37. https://doi.org/10.1111/j.1758-2229.2008.00004.x

Schilling, K. E., Streeter, M. T., Quade, D., & Skopec, M. (2016). Groundwater loading
of nitrate-nitrogen and phosphorus from watershed source areas to an lowa
Great Lake. Journal of Great Lakes Research, 42(3), 588—598.
https://doi.org/10.1016/j.jglr.2016.03.015



Treuer, G., Kirchhoff, C., Lemos, M. C., & McGrath, F. (2021). Challenges of
managing harmful algal blooms in US drinking water systems. Nature
Sustainability, 4(11), 958-964. https://doi.org/10.1038/s41893-021-00770-y

Wan, X., Ji, Y., & Zhang, W. (2022). Iowa lakes drive over 1 billion in recreational
spending each year. CARD Agricultural Policy Review, (Spring), 1-3.

Watson, S. B., Whitton, B. A., Higgins, S. N., Paerl, H. W., Brooks, B. W., & Wehr, J.
D. (2015). Chapter 20—Harmful Algal Blooms. In J. D. Wehr, R. G. Sheath, &
J. P. Kociolek (Eds.), Freshwater Algae of North America (Second Edition) (pp.

873-920). Academic Press. https://doi.org/10.1016/B978-0-12-385876-4.00020-
7



	Introduction
	Method
	Using CLAMP data, we create per-lake time series to show trends in eutrophication, water clarity, and bloom-prone conditions; assess variability in algal conditions (e.g., chlorophyll-a, Secchi depth) within and between lakes; identify lakes or sampli...
	Results
	Despite their close proximity, we observed distinct algal dynamics among the study lakes, with Big Spirit and East Okoboji consistently classified as hypereutrophic. Furthermore, chlorophyll-a dynamics within lakes can vary significantly, reflecting s...
	Discussion and Conclusion
	Inland lakes can serve as sentinels for the effects of anthropogenic climate change. Progressive eutrophication and warming waters trigger a cascade of ecological consequences, including more frequent and intense cyanobacterial, or harmful, algal bloo...
	References

