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Factors	Influencing	Cyanobacteria	Blooms	in	Farmington	Bay,		
Great	Salt	Lake,	Utah.		

Brad	Marden	Leland	Myers	Theron	Miller	David	Richards	



The	ability	of	cyanobacteria	to	perform	
oxygenic	photosynthesis	is	thought	to	have	
converted	the	early	reducing	atmosphere	
into	an	oxidizing	one,	which	drama%cally	
changed	the	composi%on	of	life	forms	on	
Earth	by	s%mula%ng	biodiversity	and	leading	
to	the	near-ex%nc%on	of	oxygen-intolerant	
organisms.	

Cyanobacteria	are	arguably	the	most	
successful	group	of	microorganisms	on	
earth.	They	are	the	most	gene%cally	
diverse;	they	occupy	a	broad	range	of	
habitats	across	all	la%tudes,	
widespread	in	freshwater,	marine	and	
terrestrial	ecosystems,	and	they	are	
found	in	the	most	extreme	niches	such	
as	hot	springs,	salt	works,	and	
hypersaline	bays.	



GSL	Stromatolites	

Cover	about	10%	of	Lake	boHom	
	
Calcium/Magnesium	Cyanobacteria	
Deposits	
	
Primary	substrate	for	Brine	Fly		
Pupae	life	stage	







Hepatoxins	(MicrocysHn/
Nodularian)	

•  Fitzgeorge	et	al.	(1994)	demonstrated	that	microcys%n	
[and	other	hepatoxins]	toxicity	is	cumula%ve:	a	single	
oral	dose	resulted	in	no	increase	in	liver	weight	(which	
is	a	measure	of	liver	damage),	whereas	the	same	dose	
applied	daily	over	seven	days	caused	an	increase	in	
liver	weight	of	84%	and	thus	had	the	same	effect	as	a	
single	oral	dose	16	%mes	as	large.		



Anatoxins	
Saxitoxins	and	anatoxin-a(s)	are	among	the	most	neurotoxic	

substances	known.	However,	evidence	is	accumula%ng	that	
in	lakes	and	rivers	they	do	not	occur	as	frequently	as	
microcys%ns.	This	applies	especially	to	anatoxin-a:	to	date,	
it	has	been	found	only	in	a	small	number	of	Anabaena	
blooms	in	North	America.	Furthermore,	concentra%ons	
even	of	these	highly	toxic	substances	in	scums	will	scarcely	
reach	levels	acutely	neurotoxic	to	a	human	inges%ng	a	
mouthful.	In	contrast,	neurotoxicity	may	be	experienced	by	
livestock	that	drink	many	litres	of	contaminated	water	and	
pets—especially	dogs—that	gather	scum	material	in	their	
fur	and	ingest	it	through	grooming	with	the	tongue.			



What	is	too	much	
Cyanotoxins	???	



Development	of	Warning	
Levels	

•  In	a	13-week	gavage	study	in	mice,	conducted	
under	good	laboratory	prac%ce	(GLP),	pure	
microcys%n-LR	was	administered	orally	to	groups	
of	15	male	and	female	mice	at	0,	40,	200,	or	
1,000	μg/kg	bw	per	day	for	13	weeks	

•  40	μg/kg	–	NOAEL	
•  200	μg/kg	–	slight	liver	%ssue	changes	in	some	
male	and	female	mice	

•  1,000	μg/kg	-	all	male	and	most	female	mice	
showed	liver	changes	

•  All	other	studies	had	higher	NOAEL	iden%fied	



Development	of	Warning	Levels	

•  Assumed	a	typical	individual	weight	of	60	Kg	(132	lbs)	
•  Liters	of	water	drunk	daily	–	2	Liters	
•  Propor%on	from	Contaminated	Water	Source	–	80%	
•  Safe	Tolerable	Daily	Concentra%on	–	0.04	μg/kg	bw	per	day	

Guideline	Value		=	 (Tolerable	Daily	Intake)	(Body	Wt.	–	Kg)	(Propor%on	H2O	Contaminated)	

Liters	of	Water	

40	μg/kg	bw	per	day	

uncertainty	factor	of	1,000	
(10	for	intra-species	variability,	10	for	inter-species	variability	and	10	for	database	limita%ons)	

Drinking	Water	–	1.0	μg/L	
Recrea%on	Water	–	20	μg/L	(assumes	200	ml	Ingested)	



Toledo	Experience	



FBAY	Research	Program	
Coopera%on	with	GSLA	



Project	Goals	of	a	Mul%-year	Inves%ga%on	of	
Cyanobacteria	Blooms	in	Farmington	Bay	

		
• Collect	a	systemaHc	record	of	the	spaHal	and	temporal	changes	in	
the	bioHc	community	and	abioHc	characterisHcs	of	Farmington	Bay	
from	March	through	November.	

• Correlate	changes	in	the	algal	populaHon	size	and	structure	and	with	
changes	in	abioHc	factors	such	as	nutrient	concentraHons,	salinity,	
temperature,	and	water	transparency	.	

• Correlate	changes	in	the	macroinvertebrate	populaHon	composiHon	
and	abundance,	with	changes	in	abioHc	factors	such	as	nutrient	
concentraHons,	salinity,	and	temperature,	as	well	as	with	algal	
populaHon	size	and	structure,	and	cyanotoxin	concentraHon.		

• IdenHfy	the	linkage	between	cyanobacteria	blooms	and	cyanotoxin	
producHon	in	Farmington	Bay.		

• Correlate	isotopic	15N	and	13C	levels	in	macroinvertebrates	and	algae	
with	nutrient	sources.		



FBAY	Research	Program		
• 14	Transect	Surveys	
• February	to	November	
• 23	Single	Point	CollecHons	
• January	to	December	
	

	
	

	
	
	
	

Sampling	Loca%ons	and	Totals	
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Program	Schedule	
	

	
	
	

	
	

14	Transects	Surveys	
	
	Proposed Date Actual Date 

Proposed 
Sites 

Actual Sites 
Sampled 

Friday, February 15, 2013 Friday, February 15, 2013 2 2 

Thursday, March 07, 2013 Thursday, March 14, 2013 9 5 

Thursday, April 04, 2013 missed 9 0 

Thursday, April 18, 2013 Thursday, April 18, 2013 9 9 

Thursday, May 02, 2013 missed 9 0 

Thursday, May 16, 2013 Monday, May 13, 2013 9 9 

Thursday, May 23, 2013 Thursday, May 30, 2013 9 8 

Monday, June 03, 2013 Monday, June 10, 2013 9 8 

Friday, June 14, 2013 missed 9 0 

Monday, June 24, 2013 Tuesday, June 25, 2013 9 5 

Monday, July 01, 2013 Thursday July 11, 2013 9 5 

Thursday, July 18, 2013 Monday, July 22, 2013 9 5 

Thursday, August 08, 2013 Tuesday, August 06, 2013 9 5 

Thursday, August 22, 2013 Monday, August 26, 2013 9 4 

Thursday, September 05, 2013 Thursday, September 19, 2013 9 4 

Thursday, October 10, 2013 Thursday, October 17, 2013 9 4 

Thursday, November 07, 2013 Thursday, November 14, 2013 9 4 



METHODS	
Water	Sample	CollecHon	

• 500	ml	PE	bo\les.	
• 25	cm	sample	at	each	locaHon	
• Nutrients:	no	preservaHve,	no	
headspace,	kept	in	dark,	cooler	and	
shipped	within	24	hours,	analyzed	by	
AquaHc	Research	Laboratory	(ARL)	in	
Sea\le	WA.	
• Chlorophyll:	preserved,	dark,	cooler	and	
shipped	within	24	hours	to	ARL.	
• Algae	samples:	no	preservaHve,	no	
headspace,	kept	in	dark,	cooler	and	
shipped	within	24	hours,	analyzed	by	
Green	Water	Laboratory,	Palatka,	FL.	
	



Month
Site ID

Nov emberO ctoberSeptemberA ugustJulyJuneMayA prilMarch
987654321987654321987654321987654321987654321987654321987654321987654321987654321

14

12

10

8

6

4

2

0

Sa
lin

it
y 

%
Temporal	Variability	of	Salinity	



987654321

14

12

10

8

6

4

2

0

Site Number

Sa
lin

it
y 

%
SpaHal	VariaHon	of	Salinity	



Month
Site Number

N
ov

em
be

r

O
ct

ob
er

Se
pt

em
be

r

Au
gu

st

Ju
ly

Ju
neM
ay

Ap
ri

l

M
ar

ch

Fe
br

ua
ry

Ja
nu

ar
y

*87654321*87654321*87654321*87654321*87654321*87654321*87654321*87654321*87654321*87654321*87654321

30

25

20

15

10

5

0

Te
m

p 
C

Temporal	Variability	of	Water	Temperature	



Date

Site Number

11
/1
4/2

01
3

10
/1

7/2
01

3

9/1
9/2

01
3

8/2
6/2

01
3

8/
6/2

01
3

7/2
2/2

01
3

7/1
1/2

01
3

6/2
5/2

01
3

6/1
3/2

01
3

6/1
0/2

01
3

5/3
0/2

01
3

5/1
3/2

01
3

4/1
8/2

01
3

3/1
4/2

01
3

3/1
1/2

01
3

9531953195319531953195319531953196532418654321986543219865432194321119

500

400

300

200

100

0

Ch
l-

a

Chlorophyll-a Concentration (ug/L)

	

CHLOROPHYLL-A	CONCENTRATION	
	



Nutrients	

21	

Nutrient	Sample	CollecHon	and	Analysis	
• Ammonia	(reporHng	limit	.01	mg/l)	
• Nitrate	and	Nitrite		
• Total	Phosphorous	
• Ortho-Phosphate	
• TKN	
• Lab:	AquaHc	research	(Sea\le)	

	
	Purpose	

• Evaluate	the	potenHal	influence	that	nutrients	exert	on	the	algal	composiHon	of	
Farmington	Bay.	
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Cyanobacteria	and	Cyanotoxin	AnalyHcal	Laboratory	



Preliminary	Results	
Primary	Algal	Groups	

• Blue-green	algae:		Cyanobacteria	
• Green	algae:	Chlorophyta	
• Diatoms:	Bacillariophyta	
• Cryptomonads:	Cryptophyta	
• Dinoflagellates:	Pyrrhophyta	

	



Preliminary	Results	
Diatoms	(Bacillariophyta)	

Chaetocerous	



Preliminary	Results	
Green	Algae:	Chlorophyta	

Oocys%s	



Preliminary	Results	
Primary	Cyanobacteria	Found	in	Farmington	Bay	

• Nodularia	spumigena	
• Pseudanabena	catenata	
• Pseudanabena	sp.	
• Phormidium	sp.	
• Planktothrix	sp.	
• Spirulina	sp.	

	



Preliminary	Results	
Filamentous	Cyanobacteria	



Preliminary	Results	
Cyanobacteria:	Pseudanabaena	



Cyanotoxins	of	Concern	

Nodularin	

Nodularins	are	produced	by	Nodularia	spumigena	
Toxic	effect	via	severe	liver	damage	(potent	hepatotoxin)	
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Preliminary	Results	
Total	Cyanotoxin	Concentra%on	

Complete Date

Site Number_2
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Preliminary	Results	
Cyanotoxins:	Nodularin	and	Anatoxin-a	

Complete Date

Site Number_2
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Nodularia	and	Pseudanabaena	Timing	
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Nodularia	does	not	uniformly	produce	the	toxin.	Rather	toxin	produc9on		
appears	to	be	a	func9on	of	a	par9cular	density	threshold.			
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Preliminary	Results	
Comparison	of	Abio%c	Factors	and	Cyanotoxin	

Concentra%on	
	

Temperature in Degrees Celsius

Co
nd

uc
t 

m
S

28262422201816141210

70

60

50

40

30

20

10

>  
–  
–  
–  
<  10

10 20
20 30
30 40

40

ug/L
Cyanotox

Contour Plot of Cyanotox ug/L vs Conduct mS, DO Temp



Nodularia	
Vs.	

Salinity	&	
Temperature	



Historic	Cyanobacteria	Fossil	
Presence	

0	

20000	

40000	

60000	

80000	

100000	

120000	

1800	 1850	 1900	 1950	 2000	 2050	

Total	Cyanobacteria	Fossils	

total	Cyanos	fossils	

Source:		DWQ	Paleo	Study	



0	

5	

10	

15	

20	

25	

30	

35	

1820	 1840	 1860	 1880	 1900	 1920	 1940	 1960	 1980	 2000	 2020	

echinenone	(all	cyano)	

echinenone	(all	cyano)	

Historic	Cyanobacteria	Pigment	
Presence	



Preliminary	Results	
Algal	Composi%on	

Comparison	of	Nutrient	Dynamics	and	Cyanobacteria	
Abundance	
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Results	
Zooplankton	

Species	Diversity	and	Popula%on	Structure	

7	Major	Taxonomic	Groups	
11	Families	or	Orders	
20+	species	
77	samples	enumerated	
Documented	very	interes%ng	spa%al	distribu%on	paHerns		
Collected	addi%onal	samples	for	isotopic	evalua%on	
Tracked	popula%on	dynamics	



ZOOPLANKTON	TAXA	

April-November 2013 
Species List: GSL Invertebrates from plankton net 
samples 

Major Group (Crustacea) Family or Order Species 
Cladocera Daphniidae Daphnia dentifera (Sars) 
Cladocera Daphniidae Daphnia pulex Leydig 
Cladocera Daphniidae Simocephalus vetulus (O.F.M.) 
Cladocera Daphniidae Ceriodaphniaquadrangula (O.F.M.) 
Cladocera Moinidae Moina macrocarpa Straus 
Cladocera Chydoridae PleuroxusstriatusSchoedler 
Cladocera Chydoridae Pleuroxus sp. 
Cladocera Chydoridae Chydorus sphaericus (O.F.M.) 
Cladocera Chydoridae Alona sp. 
Copepoda Cyclopidae Eucyclops agilis (Koch) 
Copepoda Diaptomidae Leptodiaptomus connexus Light 
Copepoda Harpacticoida Cletocamptus sp. 
Branchiopoda Artemiidae Artemia franciscana Kellogg 
Ostracoda   (undetermined) 
      
Phylum Rotifera Brachionidae BrachionusplicatilisO.F.M. 
Phylum Rotifera Brachionidae Notholcaacuminata Ehrenberg 
      
Insecta: Diptera Chironomidae various 
Insecta: Diptera Ephydridae (undetermined) 
Insecta: Hemiptera Corixidae Trichocorixaverticalis(Fieber) 
Insecta: Hemiptera Corixidae Coriselladecolor(Uhler) 
      

Annelida: Oligochaeta Naididae (undetermined) 



Comparison	of	Corixidae,	Cladocera,	Copepoda,		
and	RoHfera	Abundance	
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Comparison	of	Corixidae	and	Artemiidae	Abundance	
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Results	





Results	
Corixid	Preda%on	

Show	video	of	corixid	foraging	frenzy	



Results	
Topic	

JULY	CORIXID	FEEDING	FRENZY	
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Non-Metric	MulHdimensional	Scaling	OrdinaHon	



Structured	Equa%on	Model	illustra%ng	food	web	rela%onships	in	
Farmington	Bay.	Numbers	circled	in	red	are	significant	at	P<	0.05.	
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Toxicity	Tes%ng	
•  Dried	cysts	with	known	hatching	quality	are	acquired	
•  Cysts	are	then	suspended	in	a	hatching	soluHon	consisHng	

of	FBAY	water	or	soluHon	with	known	concentraHon	of	
cyanotoxin.	

•  The	suspension	is	used	for	24-	to	48-hour	hatching	using	a	
micro-method—96-well	hatching	plates	in	incubator/
agitator.	

•  Recordings	of	shell	content,	early	breaking,	emergent	
hatching,	and	nauplii	are	all	recorded.	

•  Hatching	percentage	and	nauplii	survival	are	recorded.	
	

	

	
	
	
	
	



Exploratory	Projects	
• Corixid	predaHon	Rates	
• Stable	isotopes	in	algae	and	zooplankton	
• Water	quality	impacts	on	hatching	and	survival	
of	Artemia	nauplii	



And	then	there	was	Utah	Lake	

October	5	&	6,	2014	–	Two	Dead	Dogs	



Canary	in	the	Mine	

=	





Measured	Toxin	ConcentraHons	

Microcys%n: 	Max	11	ug/L	
	 	 	(WHO	20	ug/L	

	
Anatoxin 	 	Max	0.2	ug/L	

	 	 	(lowest	Limit	1	ug/L	



UTAH	DWQ	
	
The	preliminary	necropsy	report	for	the	dog	that	
died	shortly	aver	drinking	the	water	on	October	5,	
2014,	from	Utah	Lake	has	been	finalized.	A	specific	
cause	of	death	was	not	iden%fied.	The	Utah	
Veterinary	Diagnos%c	Laboratory	concluded	that	
cyanobacteria	toxins	were	an	unlikely	cause	of	
death	because	no	cyanobacteria	or	cyanotoxins	
were	detected	in	the	stomach	contents	or	liver	of	
the	animal.	



Historic	Cyanobacteria	Fossil	
Presence	
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Anatoxin	DetecHon	Problems	

There	are	problems	with	anatoxin-a	
detec%on	methods	including	an	inability	to	
determine	whether	it	is	anatoxin-a	or	
another	neurotoxin	that	causes	the	
resul%ng	deaths.		

So,	what	do	we	do?	





Maintain	a	Neutral	and	Objec%ve	Perspec%ve	



Questions? 


