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The term “Algae”

cyanobacteria).

Most algae provide valuable ecosystem services.
Base of the food web; primary productivity.
Contribute toward oxygenating the water.
Sequester carbon.
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May be a source of biofuel and have some pharmacological values.

v' However, some algae can be problematic.
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Comparing Cells

prokaryotic cells eukaryotic cells

nucleus

bacterial cell

plant cell

) animal cell
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Prokaryotes
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Green algae

Chrysophytes

toms
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Priv/1oolelrsior)

v There are approximately 5,000 known species of
phytoplankton.

v Of those, about 300 species (6%) are known to form
Harmful Algal Blooms (HABs).

v About 80 of those species are known to be toxin
producers.
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Notice
An algae bloom has made
" this area potentially
~ unsafe for water contact.
.- Avoid direct contact with
visible surface scum.
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Impacts of Marine HABs

health. Neurological impairment, gastrointestinal distress,
respiratory irritation; even severe illness and death.

v Deaths tend to be associated with eating shellfish and/or
fish contaminated with marine algal toxins.

v" Fish kills but other animals (birds, sea turtles, mammails)
have been attributed to these toxins.

v Shading out desirable seagrasses, depletion of dissolved
oxygen (DO).

v Aesthetic, recreational and economic impacts.
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v Dinophysis
v Alexandrium
v’ Karenia

Karenia brevis: produces
potent nelurotoxins that
cause gastrointestinal and

neurological problems in
other organisms.
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Photo Credit: Mote Marne Laboratory

Dinophysis sp: an organism that can
produce okadaic acid and

dinophysistoxins which are linked to
diarrhetic shellfish poisoning (DSP).

Photo Credit: NIDEP

Alexandrium sp.: a saxitoxin
producing organism that causes

paralytic shellfish poisoning.

Phote Credit: Dawnd Patterson
& Bob Andersen
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Brown Tide (diatoms)

Pseudontizschia sp.

v A m p h orda }::1_1{:%1.1’ h_::_ pm d'm;e )
domoic acid which 1s
v _Ni ; the marine biotoxin
Pse Udo ni TZSChIO related to ammnesic

. . shellfish poisoning
/ NI TZSChIO s leH Hlﬂ‘_ Photo Credit: HJDEP

(ASP).
v Aureococcus (a
pelagophyte) — very small
cells, produces a
“mucopolysaccharide”
that clogs the qills of filter

feeders (photo from
www.ncma.bigelow.org)
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What Iriggers a Red / Brown lide?

v
v
v
v
v
v

Increased temperature / light
Reduced estuarine flushing rates
Mixing of the water

Elevated salinities

Mild winters / dry springs

Inorganic nutrients (for many red / brown tides but not
all)

v Iron and organic nutrients
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implified life cycle of a dinoflagellate.
Credit: Woods Hole Oceanographic
Institute / NOAA
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3: If conditions remain opt-

mal, cells will continua o
divide, reproducing expo-
nentially, 2 to 4 to 8. A 1.

single cell could produce sev-
eral hundred cells within a
couple of weeks. IT other sin-
gle cells reproduce similary,
then toxicity in shellfish
Imay CCour.

vegetative
cells

®

and gametes are
formed, Two gametes
Jjoin to form one cell,
which develops into a
mygota and then into a
cyst, This falls to the
otean bottom and |
capable of

germination the
following year.

2: Cysts can germinate
only during certain times
of the year with warm-
ef temparatures and (n-
creased |lght stimulat-
Ing germination. The
cyst breaks open, and a
swimming cell emerges.
The cell reproduces by
simpla division within a

faw days of "hatching."

1: Alaxandrium resting cysts lay dormant
on the floor, buried in sediment. If
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Chlorophyll Remote Sensing

NJIDEP's Bureau of Marine Water Monitoring, in cooperation with the NJ Forest Fire Service, Rutgers University and US EPA Region 2, conducts
aircraft remote sensing for estimating chlorophyll levels in N]'s coastal waters. Since chlorophyll is a plant pigment, high levels of chlorophyl
in the water are typically associated with an algal bloom. To detect potential blooms, the plane flies 6 days a week during the summei
months, in favorable weather conditions, over the coastal waters of New Jlersey. These flights provide a valuable perspective on watei

conditions and trends that enable the Bureau to target boat sampling in locations where algal blooms may be occurring.
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Marine HAB Monitoring (NJDEP)

JOYITCU. INJL/ Al 1O J1C 9 V JIOPII Y

remote sensing.

v' Routine Sampling of 48 marine phytoplankton stations.
Sampled between 5 and 10 times per year.

v Analyzed for chlorophyll-a (all algae possess chlorophyill-
a).

v Identify toxin-producing species / dominate species and
conduct cell counts (cells / mLs).
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Citizen Scientists / Volunteers

New Jersey Department of Environmental Protection -
Aircraft (rutgers.edu)

v Visual observations (photos, color, turbidity, etc.)
v’ Measure chlorophyll-a with a meter
v Measure water clarity with a Secchi disk

v’ Report an environmental incident / situation to NJDEP (1-
877-WARNDEP)
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https://njdep.rutgers.edu/aircraft/
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Impacts of Freshwater HABs

el’r. euroloiol imirmen’r, gcs’roin’re’riol di’rress,
respiratory irritation; even severe illness and death.
v' Direct impact on the quality of potable water supplies.

v' Deaths tend
v' Direct health

'O be associated pets.
Impacts on livestock and wildlite as well.

v Shading out desirable submerged aquatic vegetation,
depletion of dissolved oxygen (DO).

v Aesthetic, recreational and economic impacts.

B SCIENCE
ENGINEERING
"~ DEsieN

PRINCETONHYDRO.COM



Cyanobacteria + Microcystis

* Dolichospermum (Anabaena)
 Apbhanizomenon



Lake Hopaicong,
Morris and Sussex
Counties, NJ

v Largest lake in New
Jersey (2,686 acres;
1,087 ha).

v Five municipalities in
watershed (13,548
acres; 5,482.7 ha).

v More than 500,000
people visit the lake or
live in the watershed.
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Blooms at Lake Hopatcong, New Jersey
(June 2019)
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whart Iriggers a CyanoHAB?

v
v
v
v

ncreased temperatures
_ower flushing rates
ncreased stabilization / thermal strafification

ncreased phosphorus availability (increase in algal
biomass)

v Increased availability of inorganic nitfrogen (will trigger
the production of cyanotoxins such as microcystins)
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Lake Hopatcong - Early 2023

* Further to the
left was taken
on 11" January

2023

* Photos on right
was taken 19
February 2023
(just starting to
get a thin layer
of ice as of 26t
February 2023)
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Lake Hopatcong July Surface Temperature, Station 2

y =0.1084x - 191.97
R?=0.5668
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Lake Hopatcong July Temperature (2 m), Station 3

y =0.1171x - 209.65
R?=0.5299
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Fig. 1 Schematic for a generalized cyanobacterial life cycle; details
vary among taxa.

“o® 8.0 ®o

Active Dormancy Inactive

pelagic =———— pelagic

Inactive
benthic

J Plankton Res, Volume 43, Issue 1, January/February 2021, Pages 10-19, https://doi.org/10.1093/plankt/fbaa059

The content of this slide may be subject to copyright: please see the slide notes for details.



https://doi.org/10.1093/plankt/fbaa059

Volunteer / Citizen Monitoring for

Cyanobacteria

Check out the Aircraft Remote Sensing website - NJDEP
New Jersey Department of Environmental Protection -
Algal Bloom Remote Sensing (rutgers.edu)

Visual observations (photos, color, turbidity, etc.)
Measure chlorophyll-a and phycocyanin with a meter
Conducting cell counts (cells / mLs)

Measure water clarity with a Secchi disk

Report an environmental incident / situation to NJDEP (1-
877-WARNDEP)
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https://njdep.rutgers.edu/aircraft_phyco/
https://njdep.rutgers.edu/aircraft_phyco/
https://njdep.rutgers.edu/aircraft_phyco/

Algal Bloom Remote Sensing

NIDEP's Water Monitoring, Standards and Pesticide Control (WMSPC), in cooperation with the NJ Forest Fire Service and Rutgers Universit
conduct aircraft remote sensing using phycocyanin measurements for estimating the presence of cyanobacteria Harmful Algal Blooms (HABs
in select NJ lakes. Phycocyanin measurements are used to estimate the cell density and the spatial extent of cyanobacteria. This informatio
is used by WMSPC to strategically deploy staff to collect HAB samples for laboratory analysis. Laboratory analysis of cell density, species an
cyanotoxins are used to confirm the presence of HABs and to determine if a recreational Alert level is triggered. To detect potential bloom
and assess the status of previously confirmed HABs, the plane flies one day a week (generally on Tuesday) or as needed over lakes with
known history of HABs. Other lakes may be considered and added, however the flight path and phycocyanin sensor resolution is limited t
larger lakes. Other screening and status monitoring is performed on smaller lakes via on-site surveys. The overall goal is to inform respons
actions for public health and safety of NJ residents. To learn more about cyanobacteria and the potential threat to health they may cause, vis
DEP’s HAB Page. Alert Postings and laboratory analysis results can be found on the HAB Interactive Map.
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product use, increase in pH)
v' Color / turbidity of water

v' Surface scums / mat algae
v Tastes or odors

v' Decline in water clarity
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Cyanoioxins are NOI Taste and Odor

Combounas

v Cyanotoxins are colorless, tasteless and odorless
compounds

v Taste and odor (T&O) compounds such as Geosmin and
MIB can be produced by cyanobacteria (blue-green
algae) and some actinobacteria

v Cyanobacteria can produce T&O compounds and not
produce cyanotoxins

v They can also produce cyanotoxins and no T&O
compounds
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Phycocyanin — wnar'is Iir?

v One of several phycobiliproteins that are accessory
pigments that aid in photosynthesis, particularly in low
light level environments.

v Gives the cyanobacteria their bluish-green color.

v All algae (and plants) use chlorophyll-a in photosynthesis,
which is why measuring chlorophyll-a concentrations is a
way of quantitying algae biomass.

v' Thus, phycocyanin can be used to quantify
cyanobacteria biomass.
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Cyanobacteria and Phycocyanin: Lake Hopatcong, 2020
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Upper Lake Mohawk: Cyanobacteria and Phycocyanin Regression
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Cyanobacteria and Phycocyanin: Mercer Lake, 2020
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Cyanobacteria and Phycocyanin: Curlis Lake, 2020
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Cyanobacteria and Phycocyanin: Spring Lake, 2020

y =-946.45x + 3284.8
R2=0.2185
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Spring Lake
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NJDEP HAB Alert Level Phycocyanin and Cyanobacteria Regression Equations
PrincetonHydro [ NDEP |
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' ~ DESIGN Princeton Hydro Equation: y = 2230 - $594.1, R? = 0.49; NJDEP Equation: y = 1880x — 2468

*Note: NJDEP equation is from

the 2021 NJDEP HABs Summit
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Algal Bloom Remote Sensing

NIDEP's Water Monitoring, Standards and Pesticide Control (WMSPC), in cooperation with the NJ Forest Fire Service and Rutgers Universit
conduct aircraft remote sensing using phycocyanin measurements for estimating the presence of cyanobacteria Harmful Algal Blooms (HABs
in select NJ lakes. Phycocyanin measurements are used to estimate the cell density and the spatial extent of cyanobacteria. This informatio
is used by WMSPC to strategically deploy staff to collect HAB samples for laboratory analysis. Laboratory analysis of cell density, species an
cyanotoxins are used to confirm the presence of HABs and to determine if a recreational Alert level is triggered. To detect potential bloo
and assess the status of previously confirmed HABs, the plane flies one day a week (generally on Tuesday) or as needed over lakes with
known history of HABs. Other lakes may be considered and added, however the flight path and phycocyanin sensor resolution is limited t
larger lakes. Other screening and status monitoring is performed on smaller lakes via on-site surveys. The overall goal is to inform respon
actions for public health and safety of NJ residents. To learn more about cyanobacteria and the potential threat to health they may cause, vis
DEP’s HAB Page. Alert Postings and laboratory analysis results can be found on the HAB Interactive Map.
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Limifartions Associared wiih using

ViedoleaViel

v A few other algae produce phycocyanin such as red
algae and cryptomonads.

v In addition, there are some benthic forms of filamentous
cyanobacteria (i.e., Oscillatoria, Spirulina, Anabaena)
that do not produce large amounts of phycocyanin but
INnstead produce phycoerythrin.

v Need to develop a lake-specific database of cell counts
(not colonies; not filaments ; not units) and phycocyanin.
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« Cryptomonas (to the left)

Cryptomonads * Rhodomonas (to the right)
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Curlis Lake

« August 20 ad
phycocyanin value of
> 100 ug/L

* While the lake had very
low cyanobacteria cell
counts, the cryptomonad
cell counts were
exiremely high.
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Princeton Hydro, LLC
Princeton Hydro, LLC
flubnow@princetonhydro.com
610-524-4220

PRINCETONHYDRO.COM

THANK
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