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Background
“H

arm
ful algal bloom

s (H
A

B
s) pre-date hum

an encroachm
ent on m

arine system
s. H

ow
ever, 

there is grow
ing evidence that the incidence, severity, and com

position of H
A

B
s have 

changed because of hum
an activities.” (M

acdonald, R
obbie, B

rain, M
orton and Sophia 

Johannessen, 2003) There is a lack of research on how
 the local agricultural operations of 

B
olinas located on the cliffs directly above the beach, are affecting the harm

ful algal bloom
s 

off B
olinas beach. It is vital that w

e gather this data because “H
A

B
s affect m

arine 
ecosystem

s in m
any w

ays. H
A

B
s that produce toxins can greatly disrupt an ecosystem

 as 
the effects of the toxins are passed up the food chain.” (M

cG
araghan, K

udela, N
egrey, 

G
ibble, 2017)

O
bjectives

•
I predict that there w

ill be a positive correlation betw
een runoff events from

 local 
agricultural operations and the harm

ful algal bloom
s off Bolinas beach. 

•
H

arm
ful algal bloom

s by definition have a negative im
pact on w

ildlife ecosystem
s and 

populations. By establishing a connection betw
een agricultural runoff and harm

ful algal 
bloom

s in Bolinas specifically, w
e can set protocol to adjust agricultural practices to help 

m
itigate the intensity and therefore im

pacts of the algal bloom
s on the ecosystem

.

M
ethods/A

pproach
•

This w
ill be an observational study of the algal bloom

’s relationship to runoff from
 the 

agricultural operation located on the cliffs above the beach
•

Sam
pling protocol: A

 w
ater sam

ple w
ill be taken approxim

ately 300 feet off shore at 
intervals of one m

ile for five m
iles via boat along the coast of Bolinas. A

t each sam
pling 

location a sam
ple w

ill be taken from
 both the w

ater surface and a depth of 5 m
eters. 

Sam
ples w

ill be collected w
eekly.  This sam

pling m
ethod is m

odeled from
 an observational 

study of sim
ilar nature conducted in a different location (Tatters, A

. O
., H

ow
ard, M

. D
., 

N
agoda, C., B

usse, L., G
ellene, A

. G
., &

 Caron, D
. A

,2017)
•

The m
ajor variables analyzed w

ill be algal species observed (quantitative) and algal biom
ass 

observed (quantitative, m
easured in chlorophyll a am

ount)(U
SEPA

). Fluctuations in these 
num

bers w
ill be com

pared to rainfall/runoff events and distance from
 the agricultural 

operation  in order determ
ine the relationship betw

een these variables.
•

The tim
eline for this study w

ill be five years, w
hich is based off the first study (conducted by 

Stanford) successfully linking agricultural runoff to algal bloom
s, in w

hich it took five years 
to properly conclude causation. (M

ark Schw
artz, 2004)

Expected Benefits, M
anagem

ent Im
plications or 

Greater Im
pact

•
If the study finds that there agricultural runoff of Bolinas does have a significant im

pact on harm
ful 

algal bloom
s off Bolinas beach, w

e can use this inform
ation to m

ake changes to the agricultural 
operations to lessen their im

pact, and therefore the intensity of these bloom
s.

•
Som

e changes that could be im
plem

ented are the addition of riparian buffers around the cliff and 
stream

s and lim
iting the use of land directly next to the cliff and stream

s to certain tim
es of year 

w
ith relation to rainfall/runoff events. Both of these actions could help to m

itigate the nutrient 
runoff from

 these areas at m
inim

al cost to farm
ers.

•
It is im

portant to m
itigate the affects of local agricultural runoff on the harm

ful algal bloom
s off 

Bolinas beach because Bolinas beach and D
uxbury reef are hom

e to a vast am
ount of ecological 

diversity vital to the health of the ecosystem
. In addition m

any locals m
ake their living off of fishing, 

crabbing, etc. Finally, Bolinas beach is a popular recreational area for surfers, sw
im

m
ers, etc. A

s a 
Bolinas resident for the last 20 years m

yself, I can tell you this firsthand.
•

O
ne anticipated setback of new

 m
anagem

ent policies is resistance from
 the local farm

ers because 
less land w

ill be in production. W
e hope to com

bat this through education on the im
portance of the 

topic as w
ell as considering offering incentives to the farm

ers for m
aking these changes. 
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This graphic show
s 

how
 hum

an factors, as 
w

ell as biological, 
chem

ical and physical 
properties of m

arine 
and terrestrial 
environm

ents, all 
contribute to algal 
bloom

 and harm
ful 

algal bloom
 form

ation. 
Im

age: A
. Joyner, U

N
C-

CH
 Institute of M

arine 
Sciences

A
 sim

plified 
schem

e of the 
succession of 
m

ain 
phytoplankton 
species and 
groups, varying 
w

ith nutrient 
availability and 
m

ixing of the 
w

ater colum
n. 

G
reen are 

diatom
s, orange 

are 
dinoflagellates, 
and blue are 
“other”.  Im

age: 
“A

 Prim
er on 

California M
arine 

H
arm

ful A
lgal 

B
loom

s” 2017.

This figure show
s 

the distribution 
of toxin-
producing 
phytoplankton in 
Southern 
California (2015) 
and 
dem

onstrates a 
lack of data on 
N

orthern 
California harm

ful 
algal bloom

 
distribution. 
Im

age: “A
 Prim

er 
on M

arine 
H

arm
ful A

lgal 
B

loom
s” 2017


