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Preface 
W

hat constitutes a H
arm

ful A
lgae B

loom
? 

•
A

ny concentration of algae that causes im
pacts to an aquatic 

system
 that can be docum

ented as hazardous to hum
an or 

ecological health 
•

A
lgae is a broad term

, and includes cyanobacteria, m
em

bers of 
the chlorophyta (greens), chrysophyta (goldens), and at least 5 
other taxonom

ic divisions, depending on w
hat system

 is applied 
•

C
yanobacteria tend to represent the greatest risk, and are 

therefore som
etim

es thought of as synonym
ous w

ith H
A

B
s 

•
H

um
an health im

pacts tend to get the m
ost attention, but 

ecological effects can be quite harm
ful as w

ell. 



Preface 
W

hat are cyanobacteria (blue-green algae)? 
•

Prokaryotic cells ± photosynthetic bacteria 
•

H
ave chlorophyll-a and bluish accessory pigm

ents (phycobilins)  
•

Fairly w
eak cell w

all, often w
ith m

ucilage coating 
•

Store sugars as food reserves ± better m
etabolized at higher 

tem
peratures 

•
N

o flagella, but m
any have buoyancy control through gas pockets 

that form
 in cells 

•
M

ostly sm
all cells in large aggregations 

•
R

esting stages fall to sedim
ent, germ

inate later 



Preface 
W

hy the increasing attention to H
A

B
s? 

•
B

loom
s are becom

ing m
ore frequent and m

aybe m
ore severe 

•
The health im

pacts are becom
ing better understood 

•
M

anagem
ent techniques have advanced to greater applicability 

•
The cost of bloom

 control is significant 
•

The cost of not controlling bloom
s m

ay be higher 
•

Standard treatm
ent is not alw

ays enough to avoid problem
s 

•
Federal and state governm

ents have created regulations 
•

M
edia outlets have created greater ³aw

areness´ 
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A
lgal problem

s include: 
�

E
cological im

balances 
�

Physical im
pacts on the 

aquatic system
 

�
W

ater quality alteration 
�

A
esthetic im

pairm
ent 

�
T

aste and odor 
�

T
oxicity 
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E
cological Im

balances 
H

igh algal densities: 
�

R
esult from

 overly successful grow
th processes 

and insufficient loss processes 
�

R
epresent inefficient processing of energy by 

higher trophic levels 
�

M
ay direct energy flow

 to benthic/detrital 
pathw

ays, tends to use up oxygen 
�

M
ay actually reduce system

 productivity 
(productivity tends to be highest at 
interm

ediate biom
ass) 
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O
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L
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M
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A
esthetic Im

pairm
ent 

H
igh algal densities lead 
to: 

�
H

igh solids, low
 clarity 

�
H

igh organic content 
�

Fluctuating D
O

 and pH
 

�
³Slim

\´ feel Wo Whe Z
aWeU  

�
U

naesthetic appearance 
�

T
aste and odor 

�
Possible toxicity 
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T
aste and O

dor 
�

A
t sufficient density, all algae can 

produce taste and odor by virtue of 
organic content and decay 

�
G

eosm
in and M

ethylisoborneol (M
IB

) 
are the tw

o m
ost com

m
on T

&
O

 
com

pounds, produced by cyanobacteria 
in w

ater colum
n or on bottom

 
�

A
dditional com

pounds produced by 
golden algae and can im

part cucum
ber, 

violet, spicy and fishy odors 
�
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T
aste and O

dor 
T

&
O

 by other algae 
�

G
reen algae, diatom

s, 
dinoflagellates and euglenoids 
can produce fishy or septic odors 
at elevated densities 

�
M

ajor die-off of high density 
algae m

ay produce a septic sm
ell 

�
A

ctinom
ycetes bacteria can also 

produce geosm
in and M

IB
 

�
N

o clear link betw
een T

&
O

 and 
toxicity 
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T
oxicity-C

yanotoxins 
�

C
yanobacteria are the prim

ary toxin threats to 
people from

 freshw
ater 

�
W

idespread occurrence of toxins but highly variable 
concentrations, even w

ithin lakes, usually not high 
�

W
ater treatm

ent usually sufficient to m
inim

ize risk; 
greatest risk is from

 substandard treatm
ent system

s 
and direct recreational contact 

�
Som

e other algae produce toxins - Prym
nesium

, or 
golden blossom

, can kill fish; m
arine dinoflagellates, 

or red tides, can be toxic to m
any anim

als and 
hum

ans 
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T
oxicity-C

yanotoxins 
�

D
erm

atotoxins 
±

produce rashes and other 
skin reactions, usually 
w

ithin a day (hours) 
�

H
epatotoxins 

±
disrupt proteins that keep 
the liver functioning, m

ay 
act slow

ly (days to w
eeks) 

�
N

eurotoxins 
±

cause rapid paralysis of 
skeletal and respiratory 
m

uscles (m
inutes) 
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T
oxicity-A

nalytical M
ethods 

0 2
5

5
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7
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1
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75    
50    
25  

Bioassay 
(m
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pg 
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M
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LC/M

S 

H
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ELISA
 

Phosphatase A
ssay 
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T
oxicity-A

nalytical M
ethods 

A
utom

ated ELISA
 system

s now
 com

ing out; m
ay m

ake toxicity 
testing both rapid and affordable. 

C
yanotoxin 

A
utom

ated 
A

nalysis 
System

 from
 

A
braxis 
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T
oxicity- K

ey Issues 
�

A
cute and chronic toxicity levels - 

how
 m

uch can be tolerated? 
�

Synergistic effects - those w
ith liver 

or nerve disorders at higher risk 
�

E
xposure routes ± ingestion or 

inhalation vs. skin 
�

T
reatm

ent options - avoid cell lysis, 
rem

ove or neutralize toxins 
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G
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L
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R
ecom

m
ended T

hresholds for C
oncern 

�
W

H
O

: M
od/H

igh risk thresholds at >20,000 ± 100,000 
cells/m

L
, >10 - 50 ug/L

 chl-a, >10 - 20 ppb m
icrocystin-L

R
  

�
M

ost states use the W
H

O
 standard or som

e m
odification of it 

(e.g., 70,000 cells/m
L

). 
�

Som
e states w

orking on m
ore com

plete protocol; just know
ing 

that there are a lot of cyanobacteria cells present is not 
enough, need to characterize variability and do toxin testing 
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C
yanotoxin T

racking 
 

�
M

icroscopic view
ing or fluorescence for pigm

ent estim
ation 

�
E

L
ISA

 tests for rapid quantification of toxins 
�

A
dvanced lab testing for toxins (G

C
/M

S)  



A
L

G
A

L
 PR

O
B

L
E

M
S 

C
yanotoxin D

istribution 
 

�
M

ultiple studies published in 2009 (L
R

M
, N

L
A

) 
�

M
icrocystin detected in m

any sam
ples (typically about 1/3-1/2) 

�
R

are to find elevated m
icrocystin levels in open or deep w

ater; 
less rare, but not com

m
on in coves and shoreline areas 

�
W

ide Uange of concenWUaWionV Z
iWhin Vom

e lakeV; can¶W 
extrapolate from

 single sam
ple 

�
M

icrocystin at >10-20 µg/L
 in up to 20%

 of sam
ples from

 
³SUoblem

 lakeV´, <1%
 of Vam

SleV fUom
 ³Uandom

´ lakeV  
�

O
ther toxins less com

m
only assessed, no reliable estim

ate of 
diVWUibXWional fUeTXenc\, can¶W aVVXm

e coUUelaWion am
ong 

toxins ± Vo Z
e don¶W knoZ

 aV m
Xch aV Z

e VhoXld! 

�
T

ake hom
e m

eVVage: R
ecogni]e UiVk, bXW don¶W 

assum
e toxicity 
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R
ecom

m
ended T

oxicity Precautions 
�

M
onitor algal quantity and quality  

�
If potential toxin producers are detected, 
increase m

onitoring and test for toxins 
�

For w
ater supplies, incorporate capability to 

treat for toxins (PA
C

 or strong oxidation 
seem

 to be best) 
�

For recreational lakes, be prepared to w
arn 

users and/or lim
it contact recreation  

�
A

void treatm
ents that rupture cells after 

bloom
 is dense 
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A
lgal Taxonom

y 

Just w
here to m

ake the split betw
een species or 

even genera is not alw
ays obvious L

ayer 
cake 
analogy 
from

 
M

orales 
et al. 
2002 

F
ragilaria 

construens 
F

ragilaria 
brevistriata 

cruciate 

biundular 

elliptical 

triradiate 

linear 



A
lgal Taxonom

y 
Splitters vs. L

um
pers  

�
Lum

ping lim
its taxa, groups 

b\ ³reliable´ differentiators 
(best if genetically based, 
but w

as not alw
ays the case)  

�
Splitting proliferates taxa, 
separates form

s based on 
w

hat m
ay be genotypic or 

phenotypic differences  
�

In characterizing 
environm

ental conditions, 
splitting w

ill be m
ore useful 

but requires m
ore effort 

 

C
lassification Features 

•
Pigm

ents 
•

Food storage 
•

C
ell w

all 
•

Flagella 
 o

C
ell structures 

o
C

ell organization 
 �

R
eproductive m

ode 
�

G
enetics 

�
C

ulture response 
�

B
iochem

istry 



A
lgal Taxonom

y 
M

odern C
lassification of C

yanobacteria 
C

lass Synechococcineae 
O

rder Synechococcales (e.g. A
phanocapsa, C

oelosphaerium
, 

Synechococcus) 
O

rder Pseudanabaenales (e.g. Pseudanabaena, Schizothrix, 
Spirulina) 
 C

lass O
scillatoriineae 

O
rder C

hroococcales (e.g. C
hroococcus, M

icrocystis) 
O

rder Phorm
idiales (e.g. A

rthrospira, Phorm
idium

, Planktothrix) 
O

rder O
scillatoriales (e.g.Lyngbya, O

scillatoria) 
  C

lass N
ostocineae 

O
rder N

ostocales (e.g. A
nabaena, C

ylindrosperm
opsis, Scytonem

a, 
Stigonem

a) 



A
lgal Taxonom

y 
•

A
nabaena and A

phanizom
enon are closely related 

•
N

early all of w
hat w

e have called A
nabaena is now

 D
olichosperm

um
 

D
olichosperm

um
 

A
nabaena 



A
lgal Taxonom

y 

C
uspidothrix 

A
phanizom

enon 

Filam
ents w

ith long attenuated end 
cells split from

 A
phanizom

enon 
into C

uspidothrix 

Separating C
yano Species 

 •
C

ell shape and Size 
•

C
olor 

•
G

ranulation 
•

Presence/A
bsence of A

erotopes 
•

H
abitat 

•
C

ell A
rrangem

ent 
•

M
ucilage features 

•
Trichom

e m
orphology 

•
Presence/A

bsence and N
ature of 

Sheath 
•

Presence/A
bsence of 

C
onstrictions at C

ross-w
alls 

•
Shape, Size and Location of 
H

eterocytes and A
kinetes 

•
M

otility 
•

End C
ell Shape 



A
lgal Form

s A
lgal ³B

loom
V´ 

i
W

ater 
discoloration 
usually defines 
bloom

 conditions 
i

M
any possible 

algal groups can 
³bloom

´ 
i

T
aste and odor 

sources, possible 
toxicity 

i
Potentially severe 
use im

pairm
ent 

 
 



A
lgal Form

s 
A

lgal M
ats 

i
C

an be bottom
 or 

surface m
ats - 

surface m
ats often 

start on the bottom
 

i
U

sually green or 
blue-green algae 

i
Possible taste and 
odor sources 

i
Potentially severe 
use im

pairm
ent 

 



A
lgal Types: Planktonic B

lue-greens 
A

phanizom
enon 

(C
uspidothrix) 

M
icrocystis 

D
olichosperm

um
 

(A
nabaena) 

 

W
oronichinia 

(C
oelosphaerium

) 



A
lgal Types: Planktonic B

lue-greens 
Planktolyngbya 

(Lyngbya) 

Planktothrix 
(O

scillatoria) 

L
im

noraphis 

   (Lyngbya) 



A
lgal Types: Planktonic B

lue-greens 

G
loeotrichia 



A
lgal Types: Planktonic B

lue-greens 
C

ylindrosperm
opsis 

�A
 sub-tropical alga 

w
ith toxic properties 

is m
oving north. 

�M
ost often 

encountered in turbid 
reservoirs in late 
sum

m
er, along w

ith a 
variety of other 
bluegreens. 



A
lgal Types: M

at Form
ing B

lue-greens 

O
scillatoria 

Lyngbya/Plectonem
a 



A
lgal Types: Planktonic G

reens 
Pediastrum

 

Scenedesm
us 

L
agerheim

ia 
D

ictyosphaerium
 

Schroederia 

O
ocystis 

(O
rder C

hlorococcales) 



A
lgal Types: Planktonic G

reens 

C
hlam

ydom
onas 

Pyram
ichlam

ys 

C
arteria 

E
udorina Volvox 

(O
rder Volvocales) 



A
lgal Types: M

at Form
ing G

reens 
Z

ygnem
atales - U

nbranched filam
ents, highly 

gelatinous   

M
ougeotia 

Spirogyra 

Zygnem
a 

M
ats trap 

gases and 
m

ay float 
to surface 



C
ladophorales -  L

arge, m
ultinucleate cells, reticulate 

chrom
atophores, Wend Wo be ³gUiWW\´ Wo Whe WoXch 

Pithophora 

R
hizoclonium

 
C

ladophora 

A
lgal Types: M

at Form
ing G

reens 



A
lgal Types: M

at Form
ing G

reens 

H
ydrodictyon 

O
edogonium

 

B
ulbochaete 



A
lgal Types: Planktonic D

iatom
s 

A
ulacoseira 

A
sterionella 

C
yclotella 



A
lgal Types: Planktonic D

iatom
s 

Fragilaria 
N

itzschia 
Tabellaria 



A
lgal Types: M

at Form
ing D

iatom
s 

D
idym

osphenia (³rock snot´) 
 

In flow
ing w

aters, m
ore 

northern, recent ecological 
³event´  



A
lgal Types: Plankton G

oldens 

D
inobryon 

Synura 

C
hrysosphaerella 

Prym
nesium

 



A
lgal Types: M

at Form
ing G

oldens 
Tribonem

a 
Vaucheria 



A
lgal Types: O

ther Plankton 

C
eratium

 

Peridinium
 

E
uglena 

Trachelom
onas 

Phacus 

(E
uglenoids) 

(D
inoflagellates) 
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K

ey Processes A
ffecting A

bundance 
G

row
th Processes 

�
Prim

ary production ± controlled by light 
and nutrients, algal physiology 

�
H

eterotrophy ± augm
ents prim

ary 
production, dependent upon physiology and 
environm

ental conditions 
�

R
elease from

 sedim
ent ± recruitm

ent from
 

resting stages, related to turbulence, life 
strategies  



A
L

G
A

L
 E

C
O

L
O

G
Y

 
K

ey Processes A
ffecting A

bundance 
L

oss Processes 
�

Physiological m
ortality ± inevitable but 

highly variable tim
ing ± m

any influences 
�

G
razing ± com

plex algae-grazer interactions 
�

Sedim
entation/burial ± function of 

turbulence, sedim
ent load, algal strategies 

�
H

ydraulic w
ashout/scouring ± function of 

flow
, velocity, circulation, and algal strategy  



A
L

G
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L
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C
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Y

 
K

ey Processes A
ffecting A

bundance 
A

nnual variability in grow
th/loss factors  

�
W

inter ±  
±

Low
er light and tem

perature affect production 
±

V
ariable but generally m

oderate nutrient availability 
±

Possibly high organic content 
±

G
razer density below

 average 
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K

ey Processes A
ffecting A

bundance 
A

nnual variability in grow
th/loss factors  

�
Spring/fall ±  
±

Isotherm
al and w

ell-m
ixed 

±
R

elatively high nutrient availability 
±

Light increases in spring, decreases in fall 
±

Tem
perature changing, spring increase, fall decline 

±
Stratification setting (spring) or breaking dow

n (fall) 
±

G
razer density in transition (low

 to high in spring, 
high to low

 in fall) 



A
L

G
A

L
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C
O

L
O

G
Y

 
K

ey Processes A
ffecting A

bundance 
A

nnual variability in grow
th/loss factors  

�
Sum

m
er ±  

±
Potential stratification, even in shallow

 lakes 
±

O
ften have low

 nutrient availability 
±

Light lim
iting only w

ith high algae or sedim
ent levels 

±
Tem

perature vertically variable ± highest near surface 
±

V
ertical gradients of abiotic conditions and algae 

±
G

razer densities variable, often high unless fish 
predation is a m

ajor factor 
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Phytoplankton Succession - N

otes 
�

B
iom

ass can vary greatly over seasons 
�

Prim
ary productivity and biom

ass m
ay not 

correlate due to tim
e lags, cell size and nutrient 

or light lim
itations 

�
H

ighest productivity norm
ally at interm

ediate 
biom

ass (C
hl a = 10 ug/L)  

�
Phosphorus tends to determ

ine how
 abundant 

algae are, w
hile nitrogen tends to determ

ine 
types of algae present 
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T

rophic G
radients 

 

�
B

ased on decades of 
study, m

ore P leads 
to m

ore algae 
�

M
ore algae leads to 

low
er w

ater clarity, 
but in a non-linear 
pattern 

�
Fertile system

s w
ill 

have m
ore algae and 

m
ore cyanobacteria 

w
ith low

er clarity 
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T

rophic G
radients 

�
H

igh P also leads to m
ore cyanobacteria, from

 
considerable em

pirical research.  K
ey transition range 

is betw
een 10 and 100 ug/L 

(10 ug/L
) 

(100 ug/L
) 

From
 W

atson et al. 1997 L&
O

 42(3): 487-495 
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T

rophic G
radients 

�
A

s algal biom
ass rises, a greater %

 of that biom
ass is 

cyanobacteria. So m
ore P = m

ore algae + m
ore cyanos. 

From
 C

anfield et al. 
1989 as reported in 

K
alff 2002 



O
rganic grow

th in upper w
ater layer using 

sunlight and nutrients: 
�

Starter population still has to com
e from

 som
ew

here, 
either upstream

 or sedim
ent. 

�
B

ut population starts sm
all, grow

s into bloom
 over 3-

4 w
eeks 

�
W

ater colum
n nutrients/light control bloom

 severity 
 A

L
G

A
L

 E
C

O
L

O
G

Y
: B

loom
 Form

ation 
 

Planktolyngbya 

A
phanizom

enon 
Pseudanabaena 

C
hlorococcales 



Form
ation at m

id-depth w
ith m

ovem
ent into 

upper w
ater layer: 

�
Starter population norm

ally from
 sedim

ent, rises to near 
therm

ocline 
�

G
row

th at depth depends on high efficiency of light use but 
capitalizes on generally higher nutrient levels 

Synura 

C
hrysosphaerella 

Planktothrix 

A
L

G
A

L
 E

C
O

L
O

G
Y

: B
loom

 Form
ation 

 



B
ottom

 grow
th by filam

entous blue-greens and 
green algae w

ell docum
ented: 

�
Filam

entous m
ats form

, trap gases, float to surface 
aV m

aWV oU ³chXnkV´ 

  

O
scillatoria 

        Plectonem
a 

A
L

G
A

L
 E

C
O

L
O

G
Y

: B
loom

 Form
ation 

 

        R
hizoclonium

 



B
ottom

 grow
th of planktonic form

s follow
ed by 

synchronized rise into the upper w
ater layer: 

�
R

esting stages germ
inate on sedim

ent surface, grow
 

in place to fully form
ed colonies. 

�
G

as vesicles form
 synchronously and create 

buoyancy; colonies float to surface quickly 

  

G
loeotrichia 

D
olichosperm

um
 

M
icrocystis 

A
L

G
A

L
 E

C
O

L
O

G
Y

: B
loom

 Form
ation 

 



C
yano bloom

s are increasing: 
�

Phosphorus rising; decreased N
:P ratios favor cyanos 

�
T

em
peratures rising; 30 C

 in 2012, also favors cyanos 
B

ottom
 grow

th/quick rise bloom
s seem

 to be 
increasing in particular: 

�
L

ong-term
 accum

ulation of nutrients in sedim
ent 

fosters such grow
ths 

�
L

ight and sedim
ent m

ixing are key triggers; shallow
 

zone im
plicated as bigger contributor than deep zone 
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W
arm

er w
ater increases grow

th rates and favors 
cyanobacteria. T

em
peratures are rising. 

D
ata from

 m
any sources, but H

ans PaeUl¶V 
illXVWUaWion m

a\ be Whe m
oVW ³eleganW´ 
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T
hree step process: 

±
D

on¶t lose \our head 
±

G
et ducks in a row

 
±

D
on¶t bite off m

ore than \ou can chew
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A
lgal C

ontrol: W
atershed M

anagem
ent 

U
nderstand the w

atershed and 
m

anage it! 
 

 



A
lgal C

ontrol: W
atershed M

anagem
ent 

i
Source controls 

�
B

anning certain high-im
pact actions 

�
B

est M
anagem

ent Practices for m
inim

izing risk of 
release 

i
Pollutant trapping 

�
D

etention 
�

Infiltration 
�

U
ptake/treatm

ent 
�

M
aintenance of facilities 

 
 

W
atershed m

anagem
ent 

should be included in any 
successful long-term

 
algal m

anagem
ent plan, 

but m
ay not be sufficient 

by itself. 
 



A
lgal C

ontrol: W
atershed M

anagem
ent 

�
D

eveloped land typically increases phosphorus loading by >10X
 

�
C

om
m

on B
M

Ps rarely reduce phosphorus by  <50%
; unless all 

runoff can be infiltrated, w
e are unable to m

ake developed land 
behave like undeveloped land 

�
A

gricultural im
pacts are at least as great as urban im

pacts 
�

W
ith m

ore than about 20%
 of the w

atershed in urban or 
agricultural use, w

ater quality in the receiving lake is strongly 
im

pacted 
�

W
atershed m

anagem
ent alone is rarely sufficient to restore lakes 



�
R

educed P is first choice, but not alw
ays achievable or 

affordable w
ith just w

atershed actions  
�

A
dequately reducing P inputs from

 urban or agricultural 
areas is a big challenge (>$5M

/sq. m
i. needed for <30%

 
reduction) 

 

  

A
lgal C

ontrol: W
atershed M

anagem
ent 

From
 K

. 
D

ebusk 
2012 
N

A
LM

S 
presentation 



A
lgal C

ontrol: In-Lake M
anagem

ent 
D

ata needs include: 
i

A
lgal types and quantity (planktonic and benthic) 

i
W

ater quality (nutrients, pH
, tem

perature, oxygen, 
conductivity, and clarity over space and tim

e) 
i

Inflow
 and outflow

 sources and am
ounts, w

ith w
ater 

quality assessm
ent 

i
Lake bathym

etry (area, depth, volum
e) 

i
Sedim

ent features 
i

Zooplankton and fish com
m

unities 
i

V
ascular plant assem

blage  
A

ll of w
hich facilitate a hydrologic and nutrient loading 

analysis and biological assessm
ent essential to 

evaluating algal control options 



A
lgal C

ontrol: In-Lake M
anagem

ent 

In-lake detention 
and w

etland 
system

s to lim
it 

nutrient inputs 
 

Fulfilling a 
w

atershed 
function in the 

lake 
 



A
lgal C

ontrol: In-Lake M
anagem

ent 
D

redging 
i

D
ry (conventional) 

i
W

et (bucket/dragline) 
i

H
ydraulic (piped) 

i
R

em
oves nutrient 

reserves 
i

R
em

oYeV ³Veed´ bank 
i

Potential m
at control 



A
lgal C

ontrol: In-Lake M
anagem

ent 

H
arvesting 

i
N

ot feasible 
for m

any 
algal 
nuisances 

i
Possible to 
collect 
surface algal 
m

ats 
 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 

D
ilution and 

Flushing 
i

A
dd enough clean 

w
ater to low

er 
nutrient levels 

i
A

dd enough w
ater 

of any quality to 
flush the lake fast 
enough to prevent 
bloom

s 
 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 
Selective 
w

ithdraw
al 

i
O

ften coupled 
w

ith draw
dow

n 
i

M
ay require 

treatm
ent of 

discharge 
i

B
est if discharge 

prevents 
hypolim

netic 
anoxia 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 
D

ye addition 
i

Light lim
itation - 

not an algaecide 
i

M
ay cause 

stratification in 
shallow

 lakes 
i

W
ill not prevent 

all grow
ths, but 

colors w
ater in an 

appealing m
anner 

 
 



A
lgal C

ontrol: In-Lake M
anagem

ent 
Sonication 

i
D

isruption of cells w
ith 

sound w
aves ± m

ay break 
cell w

all or just dissociate 
plasm

a from
 w

all 
i

U
sed in the lab to break up 

algal clum
ps 

i
W

on¶t elim
inate nutrients, 

but m
ay keep algae from

 
grow

ing w
here running all 

the tim
e 

i
V

aried algal susceptibility 



A
lgal C

ontrol: In-Lake M
anagem

ent 
Sonication 

i
U

nits require clear ³line of sight´ to 
be effective 

i
Particularly good at keeping 
grow

ths off of exposed substrates 



A
lgal C

ontrol: In-Lake M
anagem

ent 
A

lgaecides 
i

R
elatively few

 active 
ingredients available 

i
C

opper-based 
com

pounds are by 
far the m

ost w
idely 

applied algaecides 
i

Peroxides also 
com

m
only used 

i
Som

e use of 
endothall and 
flum

ioxazin 
i

Effectiveness and 
longevity are issues 



A
lgal C

ontrol: In-Lake M
anagem

ent 
A

bout copper 
i

Lyses cells, releases contents into w
ater 

i
Form

ulation affects tim
e in solution and 

effectiveness for certain types of algae 
i

Possible toxicity to other aquatic organism
s 

i
Long term

 build up in sedim
ent a concern, but no 

proven m
ajor negative im

pacts 
i

R
esistance noted in m

ultiple nuisance blue-greens 
and greens 

i
U

sually applied to surface, but can be injected deeper 
by hose 

i
Less effective at colder tem

peratures 



A
lgal C

ontrol: In-Lake M
anagem

ent 
A

bout peroxide 
i

Lyses cells, but m
ore effective on thin w

alled form
s; 

less im
pact on m

ost diatom
s and greens 

i
D

egrades to non-toxic com
ponents; adds oxygen to 

the w
ater, m

ay oxidize som
e of the com

pounds 
released during lysis 

i
Typically applied to surface, but m

ay reach greater 
depth w

ith adequate activity (slow
er release/reaction 

rate) 
i

N
o accum

ulation of unw
anted contam

inants in w
ater 

or sedim
ent 

i
C

onsiderably m
ore expensive than copper 



A
lgal C

ontrol: In-Lake M
anagem

ent 
Proper U

se of A
lgaecides 

i
Prevents a bloom

, not rem
oves one 

i
M

ust know
 w

hen algal grow
th is accelerating 

i
M

ust know
 enough about w

ater chem
istry to determ

ine 
m

ost appropriate form
 of algaecide 

i
M

ay involve surface or shallow
 treatm

ent w
here nutrients 

are fueling expansion of sm
all population 

i
M

ay require targeted treatm
ent w

here m
ajor m

igration 
from

 sedim
ent is occurring 

i
M

ay require repeated application, but at an appropriate 
frequency - if too often, look for w

ays to control nutrients 
or adjust treatm

ent 



A
lgal C

ontrol: In-Lake M
anagem

ent 

Phosphorus inactivation 
- anti-fertilizer 

treatm
ents 

 
 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 
i

Iron is the m
ost com

m
on 

natural binder, but does 
not hold P under anoxia 

i
A

lum
inum

 is the m
ost 

com
m

on applied binder, 
m

ultiple form
s, 

perm
anent results, 

toxicity issues 
i

C
alcium

 used in som
e 

high pH
 system

s 
i

L
anthanum

 m
ore recently 

applied 
i

U
sed for w

ater colum
n or 

sedim
ent P 



A
lgal C

ontrol: In-Lake M
anagem

ent 
Factors in Planning L

ake T
reatm

ents: 
�

Existing P load, internal vs. external 
�

Sources and inactivation needs ± field and lab tests 
�

System
 bathym

etry and hydrology 
�

Potential w
ater chem

istry alteration - pH
, m

etals 
levels, oxygen concentration 

�
Potentially sensitive receptors - fish, zooplankton, 
m

acroinvertebrates, reptiles, am
phibians, w

aterfow
l 

�
A

ccum
ulated residues - quantity and quality 



A
lgal C

ontrol: In-Lake M
anagem

ent 

L
ake W

ater C
olum

n 
T

reatm
ent: 

�
D

oses vary - need 5- 
20 tim

es TP conc. 
�

C
an achieve >90%

 P 
rem

oval, 60-80%
 

m
ore com

m
on 

�
Effects dim

inish over 
3-5 flushings of the 
lake 



A
lgal C

ontrol: In-Lake M
anagem

ent 
T

ributary 
Injection 
T

reatm
ent: 

�
1-10 m

g/L dose 
�

Treating m
ostly 

storm
 w

ater 
�

Lim
iting 

available P 
entering the 
lake 

�
Longest track 
record in FL, 
great exam

ple  
in M

A
 



A
lgal C

ontrol: In-Lake M
anagem

ent 
L

ake Sedim
ent 

T
reatm

ent: 
�

C
an reduce longer-

term
 P release 

�
N

orm
ally reacts w

ith 
upper 2-4 inches of 
sedim

ent 
�

D
ose usually 25-100 

g/m
2 w

ith A
l - should 

depend upon form
 in 

w
hich P is bound in 

sedim
ent 



B
ottom

 Phosphorus C
oncentration in Ham

blin Pond, 1992-1997
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D
ate

ug/L

P
P

 (ug/L)
D

P
 (ug/L)

Treatm
ent D

ate

H
am

blin Pond E
xam

ple 
C

ape C
od, M

A
. 

P levels dram
atically 

reduced w
ith A

l treatm
ent, 

w
ater clarity substantially 

increased until 2013-2014, 
retreated in 2015 



A
lum

inum
 treatm

ent longevity is a function of: 
•

E
xternal P load 

•
R

elease of P from
 organic m

atter by decom
position 

•
U

pw
ard m

igration of sedim
ent P through treated zone 

A
lgal C

ontrol: In-Lake M
anagem

ent 



Lanthanum
 m

odified bentonite clay (Phoslock®
) 

•
D

eveloped by A
ustralian national science agency 

(C
SIR

O
) for surface w

aters 
•

U
sed globally though relatively new

 to the U
SA

 
•

N
o direct pH

 change, so no buffer required 
•

Specific to binding free phosphorus 
•

Stable m
ineral form

ed 
•

Positive environm
ental profile 

•
M

arketed by SePR
O

 

A
lgal C

ontrol: In-Lake M
anagem

ent 



A
ugust 2011 

July 2012 

L
ake L

orene, W
A

 

C
ourtesy of : 

8 ac, 12 ft m
ax depth, cyano bloom

s 
Treated June 2012 
Lanthanum

/B
entonite A

pplication 
R

educed P by about 75%
 

Elim
inated cyano bloom

s 



A
lgal C

ontrol: In-Lake M
anagem

ent 
Selective nutrient addition 
i

A
ddition of nutrients 

(m
ost often N

 or Si) to 
shift ratios to favor m

ore 
desirable algae 

i
U

sed in fertilization for 
fish production 

i
R

ecent evidence that 
nitrate addition can 
prevent cyanobloom

s 
i

R
ecent product to prom

ote 
diatom

s 
i

B
iological structure very 

im
portant to results 

 
 



A
lgal C

ontrol: In-Lake M
anagem

ent 

A
eration/M

ixing 



A
lgal C

ontrol: In-Lake M
anagem

ent 
O

xygenation/circulation can w
ork by: 

i
A

dding oxygen and facilitating P binding w
hile 

m
inim

izing release from
 sedim

ents 
i

A
lteration of pH

 and related w
ater chem

istry that 
favors less obnoxious algal form

s 
i

C
reation of suitable zooplankton refuges and 

enhancem
ent of grazing potential 

i
T

urbulence that neutralizes advantages conveyed 
by buoyancy m

echanism
s 

i
H

om
ogenization that yields consistent w

ater 
quality, even if not optim

al quality 



A
lgal C

ontrol: In-Lake M
anagem

ent 
N

on-destratifying oxygenation: 
B

ottom
 layer is oxygenated, but top layer is unaffected; 
oxygen input can be air or pure oxygen 

D
O

X
 

H
A

C
 

D
B

C
/Speece 

SSS 



B
iggest challenge to successful oxygenation is induced 

oxygen dem
and (IO

D
), created by m

ovem
ent of w

ater in 
contact w

ith sedim
ent, w

hich increases the rate of oxygen 
consum

ption. Ironically, action taken to satisfy oxygen 
dem

and causes increased dem
and. 

A
lgal C

ontrol: In-Lake M
anagem

ent 



A
lgal C

ontrol: In-Lake M
anagem

ent 
K

ey factors in oxygenation: 
i

A
dd enough oxygen to counter the dem

and in the lake 
and distributing it w

here needed; note that adding 
oxygen w

ill induce extra dem
and that is hard to predict 

(expect 2X
 w

ith O
2  or 5X

 w
ith air)  

i
M

aintain oxygen levels suitable for target aquatic fauna 
(fish and invertebrates) 

i
H

aving enough P binder (usually Fe, C
a or A

l) present 
to inactivate P in presence of oxygen 

i
N

ot breaking stratification if part of goal is to m
aintain 

natural sum
m

er layering of the lake  



A
lgal C

ontrol: In-Lake M
anagem

ent 
D

estratifying oxygenation                  
(artificial circulation by aeration): 

L
ake is m

ixed, top to bottom
. O

xygen com
es from

 bubbles but 
m

ore from
 interaction w

ith lake surface and m
ovem

ent of 
higher oxygen surface w

ater to low
er oxygen deep w

ater. 

D
A

C
: D

iffused A
ir C

irculation 



A
lgal C

ontrol: In-Lake M
anagem

ent 
C

irculation can also be by pum
ping 

D
D

P 
U

D
P 

U
D

P/Fountain 

D
ow

ndraft 
U

pdraft 



B
iggest challenge to successful circulation is m

aintaining 
m

ixed conditions as the w
ater w

arm
s through sum

m
er. 

M
ore energy is needed to m

ix w
ater for each increm

ent of 
tem

perature difference as the w
ater w

arm
s. M

ixing 
system

s do not dissipate m
uch heat, they just hom

ogenize 
it. 

A
lgal C

ontrol: In-Lake M
anagem

ent 



A
lgal C

ontrol: In-Lake M
anagem

ent 
K

ey factors in circulation: 
i

M
oving enough w

ater to prevent therm
al gradients from

 
setting up (need <3 C

 difference in target layer) 
i

G
eneral guide of >1.3 cfm

/ac for air system
s, but w

ill 
have difficult\ overcom

ing sun¶s heat input during 
prolonged sunny w

eather w
ithout m

uch m
ore air 

i
G

eneral guide of pum
ping at least 20%

 of target volum
e 

per day, som
etim

es need to m
ove 100%

/day 
i

B
alance delivery of oxygen to near bottom

 w
ith avoiding 

sedim
ent resuspension 

i
M

ove surface w
ater to depth >3X

 Secchi reading to 
low

er biom
ass; otherw

ise expect only shift in types of 
algae 



A
lgal C

ontrol: In-Lake M
anagem

ent 
B

arley straw
 as an algal 

inhibitor 
i

D
ecay of barley straw

 
appears to produce 
allelopathic substances 

i
B

acterial activity m
ay 

also com
pete w

ith algae 
for nutrients 

i
Lim

ited success w
ith an 

³unlicensed herbicide´ 
in U

SA
 



A
lgal C

ontrol: In-Lake M
anagem

ent 
V

iral controls w
ere 

attem
pted w

ithout 
m

uch success in the 
1970s and m

ore recent 
research did not yield 
com

m
ercial products 

 
 

V
irus SG

-3 in 
tests at 

Purdue U
niv. 



A
lgal C

ontrol: In-Lake M
anagem

ent 
B

acterial additives 
i

M
any form

ulations and m
odes 

of action, details usually 
proprietary 

i
Sim

plistic claim
 of allow

ing 
bacteria to outcom

pete algae 
i

Potential organic sedim
ent 

reduction 
i

O
ften paired w

ith circulation 
i

V
ariable results, inadequate 

scientific docum
entation 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 
B

acWeUial addiWiYe VeTXence of ³kill, choS, eaW, VeWWle´ 
(courtesy of P. Sim

m
sgeiger of D

iversified W
aterscapes) 

i
U

se algaecide to kill algae 
i

U
se enzym

es to break dow
n long chain hydrocarbons 

i
A

llow
 bacteria to m

etabolize shorter chain hydrocarbons, 
often requiring added oxygen 

i
U

se a settling agent to drop out particulates 
This process can w

ork, but is not consistently used. 
O

pen issue of w
hether addition of enzym

es w
ithout an 

algaecide attacks algae directly, thereby functioning as an 
unregistered algaecide. 



A
lgal C

ontrol: In-Lake M
anagem

ent 
B

iom
anipulation - 

altering fish and 
zooplankton 

com
m

unities to 
reduce algal biom

ass 
 

 

A
t elevated P (>80 

ppb), altering 
biological structure 
is unlikely to 
reduce algae 



A
lgal C

ontrol: In-Lake M
anagem

ent 
A

lew
ife and other 

planktivore control 
- cascading effects 

 
 



A
lgal C

ontrol: In-Lake M
anagem

ent 
³R

oXgh´ fiVh 
rem

oval - 
lim

iting 
nutrient 

regeneration  
 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 

R
ooted plant 

assem
blages as 

algal inhibitors 
 

 



A
lgal C

ontrol: In-Lake M
anagem

ent 
R

oll call for algal control 
i

W
atershed m

anagem
ent (w

here external load is high) 
i

Phosphorus inactivation (for internal load or inflow
) 

i
C

irculation to >3X
 Secchi depth (deep system

s) 
i

C
irculation, possibly w

ith inactivators, dyes or bacterial 
additives (shallow

 system
s) 

i
O

xygenation (deeper lakes, internal load dom
inant) 

i
D

redging (w
here feasible, especially for m

ats) 
i

A
lgaecides (w

ith proper tim
ing, lim

ited usage) 
i

Sonication (for susceptible algae, nutrient control lim
ited) 

i
B

iom
anipulation (P<80 ug/L

, high variability acceptable) 
i

O
ther techniques as scale and circum

stances dictate (do not 
throw

 aw
ay any tool!) 



A
lgal M

onitoring 
B

asic dilem
m

a: Frequent and im
m

ediate algae data are needed to 
facilitate proactive m

anagem
ent of lakes and reservoirs, but there 

are relatively few
 people trained in algal identification and 

quantification is an inexact science. 
 Identification options: 
•

M
acroscopic visual assessm

ent  
•

M
icroscopic exam

ination 
•

A
utom

ated photom
icrographic system

s 
 Q

uantification options: 
•

C
ell counts w

ith biom
ass conversion 

•
Secchi transparency or turbidity 

•
C

hlorophyll extraction 
•

Fluorom
etric pigm

ent assessm
ent 



A
lgal M

onitoring 
W

ho collects the data? 
•

R
em

ote autom
ated or m

anually operated instrum
ent readings 

o
Turbidity, chlorophyll, phycobilin 

o
Set thresholds for action and react to changes 

•
Properly trained staff collect and process sam

ples 
o

M
icroscopic assessm

ent ± slow
 (often days), laborious 

o
A

utom
ated system

s w
ith reservoir-specific training 

•
Staff collect sam

ples but send out for analysis 
o

Turnaround tim
e is m

ain issue 
o

N
ot inexpensive 

o
H

igher speed option in the w
orks 

•
Staff collects sam

ples, takes photom
icrographs w

ith digital 
scope, send im

ages for analysis. 



A
lgal M

onitoring 
H

ow
 to use algae data: 

•
K

now
 the problem

 genera ± probably <10 for any given lake or 
reservoir; can m

ake a w
aterbody-specific key 

•
M

any indices available, best to develop som
ething sim

ple for 
your situation based on algae that occur and tim

ing of bloom
s 

•
Look for thresholds that indicate trouble 
o

Turbidity above or Secchi transparency below
 a value that 

corresponds to im
pairm

ent 
o

C
hlorophyll or fluorescence above a problem

 lim
it, 

especially as relates to phycobilins 
¾

K
now

ledge of ratios of biom
ass to pigm

ents im
portant ± 

not the sam
e for all algae, but m

any instrum
ents assum

e 
they are unless otherw

ise program
m

ed/calibrated. 
 



A
lgae m

anagem
ent can include: 

�
Prevention ± m

ainly w
atershed actions to lim

it nutrient inputs 
�

Early D
etection/R

apid R
esponse ± treatm

ent or other action 
before a serious bloom

 form
s 

�
M

aintenance ± repetitive action to lim
it bloom

s, usually at a 
sm

aller scale and cost than true problem
 resolution 

�
R

ehabilitation ± infrequent action to avoid bloom
s, rem

oves or 
controls sources of nutrients in m

ost cases 

A
lgal C

ontrol: Project Issues 



A
lgal C

ontrol: Project Issues 
3 legged stool of lake m

anagem
ent 

�
Technical effectiveness 

�
A

ffordability 
�

Institutional acceptability 
B

eing institutionally up to the 
challenge is at least as im

portant as 
having a grasp of the scientific and 
econom

ic factors governing 
environm

ental m
anagem

ent. 
 M

eVVage: Y
oX can¶W jXVW be a    

good scientist to be a successful 
lake m

anager 



Institutionalized m
yths to be dispelled 

�
A

ll lake problem
s can be fixed w

ith w
atershed m

anagem
ent 

�
Letting nature take its course is the best approach 

�
If conditions are desirable, they w

ill stay desirable 
�

W
hen in doubt, deny a perm

it to avoid harm
 

�
The internet is a reliable source of inform

ation 
 

A
lgal C

ontrol: Project Issues 

From
: http://w

w
w.epa.gov/nutrient-policy-data/control-and-treatm

ent 
³A

n effective but expensive m
anagem

ent practice for sm
all w

atersheds 
is the application of com

pounds to chem
ically precipitate phosphorus, 

follow
ed by rem

oval of the sedim
ent by dredging.´ and 

³M
echanical m

i[ing to prevent bloom
s«

 has been successfull\ 
im

plem
ented in 350+ w

aterbodies in the U
.S.´  



A
lgal C

ontrol: Project Issues 
Som

e Solutions to Institutional Problem
s 

1.
N

ew
 C

lean W
ater A

ct (and Safe D
rinking W

ater A
ct?) 

2.
C

om
bining piecem

eal state law
s into a N

R
C

A
 

3.
A

dd m
anagem

ent responsibility to regulatory program
s 

for at least state ow
ned lakes 

4.
Put adequate funding back into w

ell conceived program
s 

that have been defunded (e.g., Sec 314) 
5.

R
evise perm

it program
s for consistency and logic 

6.
Facilitate perm

itting in advance of a problem
 

7.
R

equire lake m
anagem

ent training for anyone involved 
in its regulation 

8.
Establish reasonable expectations for regulators and the 
regulated com

m
unity 



A
lgal C

ontrol: Project Issues 
R

easonable expectations from
 project proponents 

�
Properly characterize the resources involved 

�
C

learly identify the problem
(s) 

�
D

em
onstrate consideration of options 

�
Thoroughly explain the chosen option 

�
Provide an evaluation of non-target im

pacts 
�

Show
 how

 the interests of applicable law
s and regulations 

are affected 
�

Provide an appropriate m
onitoring program

 
�

List follow
 up and contingency actions   

�
Identify w

ho w
ill be responsible for w

hat actions 
 

 
  



A
lgal C

ontrol: Project Issues 
R

easonable expectations from
 regulators 

�
B

e fam
iliar w

ith available guidance on lake m
anagem

ent  
�

K
now

 w
hat perm

itting processes apply 
�

D
o not base feasibility or applicability conclusions on any one 

exam
ple; consider range of possible outcom

es, avoid secondary 
sources and unsubstantiated claim

s 
�

K
eep an open m

ind; do not lim
it options due to personal prejudices 

for or against any technique 
�

H
elp craft reasonable m

onitoring program
s that advance 

m
anagem

ent; focus on effectiveness and im
pacts 

�
A

void requiring actions not related to the problem
 

�
Seek to be part of a solution to any problem

; be m
ore of a team

m
ate 

than an um
pire 


