
2025 Potomac River Conference:
Harmful Algal Blooms

Funding for the conference was provided by the
Interstate Commission on the Potomac River Basin 

with additional support provided by the following sponsors:

Welcome!



ÑŸĬċǃќƚШ ŊĲŰĬċ
Session 1: Research 9:15 т10:45

Presentations 9:15 ш10:15
Student Speed Round 10:15- 10:45

Break 10:45 - 11:05

Session 2: The Local Level 11:05 т12:30
Presentations 11:05 ш12:10
2-min Poster Presentations                                   12:10 ш12:30

Lunch and Posters                                12:30 ш1:15

Session 3: Government Response           1:15 т2:40
Presentation 1:15 ш1:35
Regulatory Panel 1:35 ш2:40
Closing/Poster Session 2:45 - 3:15
Networking event 3:15 ш4:45



INTERSTATE COMMISSION ON 
THE POTOMAC RIVER BASIN
ÅMission: Protect and enhance waters 

and related resources of the Potomac 
River basin through science, regional 
cooperation and education

ÅNon-regulatory research entity

ÅAgency of the Potomac Basin States

ÅAreas of Focus
ÅWater Quality 
ÅWater Allocation
ÅLand Use 
ÅResilience
ÅAquatic Life
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Frankenstein, Universal Pictures (1931)

Frankenstein 
by Mary Wollstonecraft 
Shelley (1818) 
Å ШљůŸŰƚƣĲƖњШŔƚШĦƖĲċƣĲĬШĤǃШƣőĲШőċŰĬШŸŉШ
ůċŰШċŰĬШƻŔũŔŉŔĲĬШŉŸƖШċĦƣŔŰŊШƽŔƣőŔŰШŔƣќƚШ
nature.

ÅSelf-reflection of man, scientific 
hubris/progress, the 
promethean/primitive man (root 
identity) 



War of the Worlds
by H.G. Wells (1898)

Orson Welles (radio drama , 1938): 

A famously realistic radio broadcast that 
was presented as a series of news 
bulletins, leading some listeners to 
believe a real invasion was occurring.

Martian takeover thwarted by the biology 
ŸŉШƚŸůĲШŸŉШũŔŉĲќƚШƚŔůƓũĲƚƣШŸƖŊċŰŔƚůƚ

https://www.google.com/search?client=firefox-b-1-d&sca_esv=34891ab36b11c4e5&channel=entpr&sxsrf=AE3TifMC_5hu21iRpg3v1hHPgs5EMr1BrQ%3A1761060954955&q=Orson+Welles+radio+drama&sa=X&ved=2ahUKEwj80Jalz7WQAxU5FlkFHQqSBl8QxccNegUI6gEQAQ&mstk=AUtExfBSpbFedBhNFYPtQzXDq94AEabBcviG5VKTcdxH6q1DaoxZvYAoIcVjMo-xBxfimjUD9xKoaVb13jtgblg_37KOaf5SYDKZEQahAC1I6kga35RJc-KEVZUHi0lfSO1Pf6ZyKY20qHbOAXGIi8aRdFKAB9YxKns9MxaXqcJmQa8KkbZVdkHLhm4b0mZOnd0JUhSd7NsgPyP2u8WyfqCpIjwU3Ad3H2fUG4L4I0029I5_ASanzQibBhIaUAPak2QTBUAHqJJKnKd4J_3S_NmVQ7pM&csui=3


ÑőĲЮ?ċǃЮŸŉЮƣőĲЮÑƖŔŉŉŔĬƚѢ 
by John Wyndham (1951)

An environmental event (meteor shower) impacts mankind so that 
they are no longer able to protect themselves from the always 
present threat of venomous, predatory plants.

The Day of the Triffids, Security Pictures Ltd. (1962) 



The Last of Us
Video Game, 2013

A Cordyceps fungus infects humans, causing 
widespread societal collapse and turning people 
into violent, zombie-like beings.

The Last of Us, HBO (2023)

https://www.google.com/search?client=firefox-b-1-d&channel=entpr&cs=1&sca_esv=07cdbffa48f41bdb&sxsrf=AE3TifMZ9W3-nBXeJxiF6TvsgtN33fJQwQ%3A1761066862841&q=Cordyceps+fungus&sa=X&ved=2ahUKEwjMgMKl5bWQAxUwGlkFHWekJBYQxccNegQIGBAB&mstk=AUtExfChcGde6tPDiv0o10gRPdAdznk03zvrZmdXK_4quTuAk_zXsCdCJ_jMLbt7bfh33WdW6lxuCgS9cvYRE3OMTeFxr2Nc6rLW1XJGeaLN2lwGrMo4F-9DvIhTmlTgTfolG2SgpsoVvP08h3ewFGYkmcreC7L_cx45rlxNt25RwiG6PUfOz1xZ7FEBiM5KeH2DeGsUzeUfzsHXsudp7jc7Ug9_9I635AFORkCdExclqvvYOmRBwYMWaDPs8oHZ7Rxjz0-BXqZz8i00AjOngspFER3g&csui=3
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љ  Ñf§ ìf?EЯ
HABS ÅEШ§ ШÑcEШÅfÉEвњ
ÅEvidence is mounting that HABs are 

increasing in both frequency and 
intensity (cdc.gov). 

ÅLand-use/Increased nutrient loadings
ÅPrecipitation/Flow Modification
ÅClimate Change
ÅIntroduced Species
ÅFood Web Alterations 

љÑőĲШċƻĲƖċŊĲШċŰŰƨċũШĲĦŸŰŸůŔĦШŔůƓċĦƣШŸŉШc 7ƚШŔŰШ
the U.S. is estimated at $10-100 million and costs 
from a single major HAB event can reach tens of 
ůŔũũŔŸŰƚШŸŉШĬŸũũċƖƚЮњШт NOAA NCCOS (Link) https://www.ewg.org/interactive-maps/algal_blooms/map/ 

https://coastalscience.noaa.gov/research/habs/default
https://www.cdc.gov/habs/environment.html
https://www.cdc.gov/habs/environment.html
https://coastalscience.noaa.gov/science-areas/habs/assessing-environmental-and-economic-impacts/
https://coastalscience.noaa.gov/science-areas/habs/assessing-environmental-and-economic-impacts/
https://www.ewg.org/interactive-maps/algal_blooms/map/
https://www.ewg.org/interactive-maps/algal_blooms/map/
https://www.ewg.org/interactive-maps/algal_blooms/map/
https://www.ewg.org/interactive-maps/algal_blooms/map/


Within the Potomac Basin:
 

Increased frequency of closures 

Span large reaches of river

Increasingly high profile, 
and often inaccurately reported.
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Semantics of how we 
ĬŔƚĦƨƚƚШc 7ƚв

џÑőĲЮĦƨƖƖĲŰƣЮƖċŰŊĲЮŔŰЮƚƣċƣĲеЮŉĲĬĲƖċũеЮċŰĬЮ
international guidelines, the diversity of 
water users, and the many scientific 
unknowns, it is not possible at this point to 
come to a consensus on a single definition 
ŸŉЮċЮc 7дѠ

North American Lake Management Society 

R. Gorney et al. 2023. LakeLine 43-2: Harmful Algal 
Blooms

https://www.nalms.org/wp -content/uploads/2023/07/43 -2-
3-revised-2.pdf    

https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf
https://www.nalms.org/wp-content/uploads/2023/07/43-2-3-revised-2.pdf


ÉƣĲƓШΝЮШ?ĲŉŔŰĲШƣőĲШљHarmњШŔŰШџHarmfulѠ

Nuisance AlgaeUser 
Perceptions Survey



Benthic Algae
   

ICPRB Cacapon River WVWVDEP

Planktonic 
Algae

(free-floating)

WVDEP Ohio River

Planktothrix

Microcystis

Water flows over cells                      Cells flow with water
12

2. Define љ ũŊċĲњШ



ÅAlgae are present in most waterbodies 
throughout the year
ÅA standardize methodology is needed to 
ĬĲŉŔŰĲШљĤċĦťŊƖŸƨŰĬњШĦŸŰĬŔƣŔŸŰ
ÅInfluenced by local conditions
Å~ŸƚƣШљĤũŸŸůƚњШċƖĲШƖĲƚƓŸŰĬĲĬШƣŸШŸŰĦĲШ

they have already established.

ÅThe detection of color in the water or 
benthic assemblage do not necessarily 
explain the type of algae present, the 
presence of toxins, or other potential harms. 

ΟЮШ Шљ7ũŸŸůњШŰĲĲĬƚШċШƖĲŉĲƖĲŰĦĲШƓŸŔŰƣ



3 Potomac Tributaries,
3 Unique HABs

1. South Br. Potomac (2012- 2020)
2. Lost/Cacapon (2012- 2024)
3. Shenandoah
ÅMainstem (2012-2013)
ÅNorth Fork
ÅSouth Fork

South Branch

Cacapon

Shenandoah



Algae in West Virginia: Timeline
Pre-2013: Identification of the problem, Method development,  

ÅPre-2008: Reports of excessive filamentous green algae  across 
WV
Å2008: WVDEP investigates the Greenbrier and Tygart Rivers
ÅDevelopment of algae transect survey methods
ÅSummers (2008): Alkalinity/Hardness Goldilocks Zone

Å https://dep.wv.gov/WWE/watershed/wqmonitoring/Documents/Greenbrier/Assessment_Filamentous_Algae_Greenbrie_%20River.pdf

Å2011-2013: 303(d) Listing Methodology 
Å2011: Requirements Governing West Virginia Water Quality Standards (47CSR2) were modified to include 

language that prohibited algae blooms which impair or interfere with the designated uses of a stream 

Å2012: ìé?EÂШċŰĬШÅĲƚƓŸŰƚŔƻĲШ~ċŰċŊĲůĲŰƣШƚƨƖƻĲǃШΝЯΜΜΜҼШƣŸШĬĲŉŔŰĲШƖŔƻĲƖШƨƚĲƖќƚШƣŸũĲƖċŰĦĲШƣőƖĲƚőŸũĬƚЮШ
ICPRB begins surveys in the Shenandoah, Cacapon, and South Branch Rivers

Å2013: 303(d) Listing Methodology 
https://dep.wv.gov/WWE/Programs/wqs/Documents/Greenbrier%20Algae/AlgaeListingMethodology2016.pdf

https://dep.wv.gov/WWE/watershed/wqmonitoring/Documents/Greenbrier/Assessment_Filamentous_Algae_Greenbrie_%20River.pdf
https://dep.wv.gov/WWE/watershed/wqmonitoring/Documents/Greenbrier/Assessment_Filamentous_Algae_Greenbrie_%20River.pdf
https://dep.wv.gov/WWE/Programs/wqs/Documents/Greenbrier%20Algae/AlgaeListingMethodology2016.pdf


3 Potomac Tributaries,
3 Unique HABs

1. South Branch Potomac
ÅRoutine water chemistry
ÅWet Chemistry 
ÅYSI

ÅPhysical qualitative habitat assessment
ÅVisual algae transect assessments

South Branch

Cacapon

Shenandoah



Example #1: South Branch Potomac

ÅElevated phosphorus 
(TP) is from point source 
(Moorefield WWTP), 
2012-2013

ÅPredictable algal 
blooms

ÅDid not appear to be as 
flow influenced

|           Cacapon River                | South Branch Potomac |
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Example #1: South Branch Potomac

|           Cacapon River                  | South Branch Potomac |

ÅWWTP upgrade 2013

ÅNo excessive TP signal since 
2015

ÅFGA blooms disappeared

*Still infrequent filamentous 
cyanobacterial blooms
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3 Potomac Tributaries,
3 Unique HABs

2. Cacapon River
ÅNo significant mining / industrial 

development
ÅSmall population centers/farms
ÅRecreational+ Historical value 
ÅMedicinal waters/ springs throughout the 

region
 

South Branch

Cacapon

Shenandoah

Randy Carter (1960):  Cacapon 
љƻĲƖǃШĦũĲċƖШċŰĬШŉƖĲĲШŉƖŸůШċŰǃШ
ƓŸũũƨƣŔŸŰњ

-James Summers (WVDEP pers. comm)    



Upper-Cacapon River
љÖŰŉŸƖƣƨŰċƣĲũǃШƣőŔƚШƚĲĦƣŔŸŰШŸŉШƖŔƻĲƖШ
őċƚШяőċĬѐШвШŊƖĲċƣШŔŰĦƖĲċƚĲƚШŔŰШƣőĲШ
ċũŊċũШŊƖŸƽƣőШŔŰШƖĲĦĲŰƣШǃĲċƖƚЮњШШШШШШШШШШШШШШШШШШШШШШШШШШШШШ
Wild Water West Virginia, 1972 

ŰĲĦĬŸƣċũũǃШĦŸŰŉŔƖůĲĬШĤǃШљŸũĬ-ƣŔůĲƖњШ
residents along the high production 
reaches.

-James Summers (WVDEP pers. comm)    



3 Potomac Tributaries,
3 Unique HABs

2. Cacapon River 
ÅRoutine water chemistry
ÅWet Chemistry 
ÅYSI

ÅPhysical qualitative habitat assessment
ÅVisual algae transect assessments

South Branch

Cacapon

Shenandoah



Algae in West Virginia: Timeline
2012-9ƨƖƖĲŰƣжЮf9ÂÅ7ѢƚЮƖŸũĲЮŔŰЮƚƨƓƓŸƖƣŔŰŊЮìé?EÂЮŔŰЮƣőĲЮÂŸƣŸůċĦЮ7ċƚŔŰ

Å2012-2015: ICPRB 3 year review
Å https://www.potomacriver.org/wp -content/uploads/2015/12/ICP15-6_Griggs.pdf

Å2016: Cacapon Microcosm Study 
Å https://www.potomacriver.org/wp -content/uploads/2016/10/ICP16-04_Selckman-1.pdf

Å2017-2019: Focused studies on Cacapon high production reach 
Å https://www.potomacriver.org/wp -content/uploads/2018/08/ICP18-1_Selckman.pdf
Å https://www.potomacriver.org/wp -content/uploads/2019/03/ICP19-1_Selckman-2.pdf

Å2020 - Current: Groundwater as potential nutrient pathway?
ÅSurface Flow Path Modeling
ÅFLIR- Thermal Imaging
ÅGroundwater Dye Traces 
ÅIsotope Dating

https://www.potomacriver.org/wp-content/uploads/2015/12/ICP15-6_Griggs.pdf
https://www.potomacriver.org/wp-content/uploads/2015/12/ICP15-6_Griggs.pdf
https://www.potomacriver.org/wp-content/uploads/2015/12/ICP15-6_Griggs.pdf
https://www.potomacriver.org/wp-content/uploads/2015/12/ICP15-6_Griggs.pdf
https://www.potomacriver.org/wp-content/uploads/2015/12/ICP15-6_Griggs.pdf
https://www.potomacriver.org/wp-content/uploads/2015/12/ICP15-6_Griggs.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2016/10/ICP16-04_Selckman-1.pdf
https://www.potomacriver.org/wp-content/uploads/2018/08/ICP18-1_Selckman.pdf
https://www.potomacriver.org/wp-content/uploads/2018/08/ICP18-1_Selckman.pdf
https://www.potomacriver.org/wp-content/uploads/2018/08/ICP18-1_Selckman.pdf
https://www.potomacriver.org/wp-content/uploads/2018/08/ICP18-1_Selckman.pdf
https://www.potomacriver.org/wp-content/uploads/2018/08/ICP18-1_Selckman.pdf
https://www.potomacriver.org/wp-content/uploads/2018/08/ICP18-1_Selckman.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
https://www.potomacriver.org/wp-content/uploads/2019/03/ICP19-1_Selckman-2.pdf
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Dissolved Oxygen (Black)

Problem: 
ìĲШĬŸŰќƣШőċƻĲШċШŰƨƣƖŔĲŰƣШƚŔŊŰċũШƣŸШĲǂƓũċŔŰШĤũŸŸůƚ

We do have several biological signals  

Hypothesis:
There is some water chemistry parameter that is cloaking our 

ability to detect phosphorus that is causing the biological 
response.



ÅAlkalinity & Hardness 
 т High Alkalinity (>40 mg/L)

 primarily CO3
2- and HCO3

-

 т Low Hardness (<100 mg/L) 
 primarily Ca2+, Mg2+

ÅUSGS 2010

ÅƓcШǂШы ũťċũŔŰŔƣǃШҼШcċƖĬŰĲƚƚьШӀШӏШШÂШ
availability
Å9ċƖĤŸŰċƣĲШŊĲŸũŸŊǃШӀШәШÂШыĤċƚĲŉũŸƽь
ÅMineral Dissolution = Dominant 

source P
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Mechanism of Phosphorus Availability 
Release of bound Phosphorus from 
Ca, Mg, Fe, and others 

ÅDiel pH
(Moore and Reddy 1994, Penn et al 2000)

ÅDiel DO 
(Gomez et al. 1999)

ÅRedox Potential, Silicate 
concentration, sulfate reduction, 
organic matter decomposition, 
disturbance event, climate change

(Huang et al. 2005)
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Mid-Atlantic Non -
Nutrient Algae Bloom 
љcŸƣƚƓŸƣƚњШŸƻĲƖũċƓШ
very well with the Karst 
geology of the region.

Could groundwater 
flow paths provide a 
nutrient transport 
corridor?





Cacapon Conclusions

ÅBiology
Å Interannual taxa dominance appear 

influenced by flow, 
Å Overall production remains high in 

predictable locations
Å High production at bloom sites may not 

only cloaks nutrient signals but may be 
driving (feedback loop) their own 
proliferation

Å Biological signals (macroinvertebrates and 
in stream metabolism) respond to bloom 
sites, however proximity to high production

ÅChemistry
Å Nutrients normally attributed to algal 

blooms are not always detectable (monitor 
for ionic constituents)

ÅGeology
Å Underlying geology may create flow paths 

conducive to nutrient transport
Å Dyes may not work given groundwater age 

in the Cacapon



Unique HAB behavior in 3 Potomac Tributaries

3. Shenandoah River

South Branch

Cacapon

Shenandoah



Project Objectives

Preliminary Information ï Subject to 
revision. Not for Citation or 

Distribution

3
0

1. Inform the extent and risk of benthic HABs

2. Identify and understand the factors and 
processes leading to HAB formation, 

persistence and decline

3. Identify primary sources of the factors 
contributing to the formation of HABs

4. Identify technologies and approaches to 
help predict and/or provide early detection 

of a HAB event

Preliminary Information ï Subject to 
revision. Not for Citation or 

Distribution

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. Th e 
information is provided on the condition that neither the U.S. Geological Survey nor the U.S. Government shall be held 

liable for any damages resulting from the authorized or unauthorized use of the information.

What is it?

Where is it?

When is it there?



ICPRB- Discrete benthic algae sampling
GMU ð Water and benthic algae laboratory analyses

NF Shenandoah R. at 
Strasburg 01634000

NF Shenandoah R. at 
Mt. Jackson 01633000

SF Shenandoah R. at 
Lynnwood 01628500

SF Shenandoah R. at 
Luray 01629500

Smith Creek nr New 
Market 01632900

Direct measurements of 
benthic algae



What?

Where?

When?



Solar radiation
15 min measurements of:
Å Photosynthetically 

active radiation (PAR)
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Streamgaging
15 min measurements of:
Å Gage height 

Water quality
15 min measurements 
of:
ÅWater temperature
Å Specific 

conductance
Å pH
Å Dissolved oxygen
Å Turbidity
Å Nitrate

Chlorophyll and unbound 
phycocyanin

15 min measurements of:
Å Total chlorophyll conc.
Å Green algae conc.
Å Blue-green algae conc.
Å Diatoms conc.
Å Cryptophyceae conc.
Å Planktothrix conc.
Å Unbound phycocyanin conc.

Mt. Jackson

Strasburg

Discharge 
measurements 
since: 
1925 т Strasburg
1943 т Mt. Jackson
1930 т Lynnwood
1925 т Luray

*Continuous gage 
height and discharge 
at Lynnwood and 
Luray not shown on 
map

USGS continuous data collection


