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The	Arc4c	Spring	Bloom	

Polar	Marine	Diatom	Workshop	2018	

1.  Overview	of	ice	algae	in	the	
Arc4c	&	the	spring	bloom	

	
	
2.	Highlights	of	key	taxa	
	
	
3.	Case	Study:	Dease	Strait	2014	

Credit:	Steve	Duerkson	

Credit:	Pierre	Coupel	
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Overview	of	ice	algae	in	the	Arc4c	&	the	
spring	bloom	

Polar	Marine	Diatom	Workshop	2018	

[Light	et	al.	2003,	JGR	108;	Leu	et	al.	2011,	Prog	Oceanog	90;	
	Leu	et	al.	2015,	Prog	Oceanog	139;	Campbell	et	al.	2017,	UMB	22524]		

Condi4ons	inherent	to	‘sec4ons’	
of	the	ice	create	unique	
communi4es	(4)	
	
Surface	
•  High	light	intensi4es,	variable	

nutrients	
•  Community	and	scale	is	

dependent	on	connec4vity	to	
the	pelagic	system	

										[e.g.	Mundy	et	al.	2011,	Polar	Biol	34]	
										[e.g.	Lee	et	al.	2011,	Oceanography	24:3]	

•  Freshwater	&	marine	flagellates		
–	chain	forming	diatoms	

	
Interior	
•  Nutrients/C	trapped	during	

forma4on	or	recycled	
									[Fripiat	et	al.	2014,	Biogeochem	119]	
•  Abundance	of	flagellates	
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Polar	Marine	Diatom	Workshop	2018	
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[Light	et	al.	2003,	JGR	108;	Leu	et	al.	2011,	Prog	Oceanog	90;	
	Leu	et	al.	2015,	Prog	Oceanog	139;	Campbell	et	al.	2017,	UMB	22524]		
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Algal	communi4es	in	sea	ice	

[Assmy	et	al.	2017,	Asci	Reports	40850	]	

Phaeocys)s	
	Pouche)i	 Export	of	M.	arc)ca		

to	benthos	
[Boe4us	et	al.	2013,	Science	339]	

Polar	Marine	Diatom	Workshop	2018	

Photo	credit:	Laura	Dalman	(Hudson	Bay)	

[Light	et	al.	2003,	JGR	108;	Leu	et	al.	2011,	Prog	Oceanog	90;	
	Leu	et	al.	2015,	Prog	Oceanog	139;	Campbell	et	al.	2017,	UMB	22524]		
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[Light	et	al.	2003,	JGR	108;	Leu	et	al.	2011,	Prog	Oceanog	90;	
	Leu	et	al.	2015,	Prog	Oceanog	139;	Campbell	et	al.	2017,	UMB	22524]		
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Ice	melt	&	bloom		
termina4on	

Regional	PP	es4mates	
	
Chl	a	
	<1	-	340	mg	m-2	
	

Produc4on	
	<1	-	576	mg	C	m-2	d-1	
	
	
Regions	of	high/low	PP	
•  Size	of	points		
•  Threshold	of	median	chl	a	

in	the	Arc4c:	31	mg	m-2	

	
High	(2.3	–	576	mg	C	m-2	d-1)	
	
Low	(<1	–	21	mg	C	m-2	d-1)	

Polar	Marine	Diatom	Workshop	2018	

Why	study	the	spring	bloom?	

[Campbell	et	al.,	2018,	University	of	Manitoba,	hip://hdl.handle.net/1993/32412	]	
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Polar	Marine	Diatom	Workshop	2018	

Highlights	of	key	taxa	(boiom-ice)	
[LM	400x.	Dease	Strait	cells	unless	otherwise	stated]	

Algal	communi4es	in	sea	ice	

Polar	Marine	Diatom	Workshop	2018	

Pennate	Diatom	(68%)	

Centric	Diatom	(12%)	
			

Other	
	(14%)	

			

Dinoflagellates	
	(16%)	

[Poulin	et	al.	2011,	Mar	Biodiv		42]	
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Coscinodiscineae	(Centric	Diatoms)	

Family:	Melosiraceae	
	
•  Barrel	shape	
•  Crown	of	spines	locks	cells		
							together	in	4ght	chains	
•  Marginal	ring	labiate	processes	
	

Nordic	Microalgae	-	Susanne	Busch	

Family:	Thalassiosiraceae	
	
•  Cells	are	square-octagonal	in	

appearance	
•  Chains	separated	by	threads	
•  Labiate	process	

17	x	24	μm	

Suborder:	Coscinodiscineae	
Symmetrical	cells	
Marginal	processes	(common)	
	

Suborder:	Biddulphiineae	
																			Bipolar	with	eleva4ons	

Family:	
A.heyaceae	

12	x	17	μm	

•  Horns	long	&	wavy	
•  May	be	in	pairs	

Family:	Chaetocerotacea	
Long	setae	
Primarily	in	chains	

[Hasle	&	Syvertsen	1997]		

[Hasle	&	Syvertsen	1997]		

Sylvie	Lessard	

Polar	Marine	Diatom	Workshop	2018	

A.heya	longicornis	(Crawford	&	Garnder)	
Plate	50	[Crawford	et	al.	1994]	
Scale	bar	10	μm	

A.heya	septentrionalis	(Østrup)	Crawford	

Example	species:	Centric	diatoms		

A.heya	spp.	

Cell	Size	
Horn	length	
Horn	undula4on	&	protrusion	

4	–	6	μm	

4	–	12	μm	
x3		

x8	-	10		
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Polar	Marine	Diatom	Workshop	2018	

A.	longicornis	(Crawford	&	Garnder)	
Plate	50	[Crawford	et	al.	1994]	
Scale	bar	10	μm	

A.	septentrionalis	(Østrup)	Crawford	
Dease	Strait	2014	

Example	Species	

Similar	in	appearance	to	Chaetoceros	spp.	
•  Solitary	or	in	chains	
•  Setae	are	not	bent	(at	cell)	or	wavy	
•  No	silicified	striping	on	horns	(EM)	
	

Chaetocerus	densus	(Cleve)	Cleve	

Sylvie	Lessard	

Polar	Marine	Diatom	Workshop	2018	

Bacillariales	(Pennate	Diatoms)	

Suborder:	Fragilariineae	
No	raphe	

Suborder:	Raphidineae	
Raphe	(slits	in	valve)	
		

4	x	36	μm	

Synedropsis	hyperborea	
(Grunow)	Hasle,	Medlin	&	
Syvertsen	

Family:	
Fragilariaceae	
	
•  (1)	Labiate	process	

near	one	or	both	
apices	

•  Single	rows	of	stria	

3.5	x	38	μm	

Fragilariopsis		cylindrus	
(Grunow)	Krierger		
in	Helmcke	&	Krieger	

Family:	Bacillariaceae	
•  Fibulae	present		
							(‘4ck	marks’)	

Nitzschia	scabra	Cleve	

(27	x	10	μm)	

Pleurosigma	stuxbergii		
Cleve	&	Grunow	

265	x	25	μm	

Family:	Naviculaceae	
•  No	fibulae	
•  Raphe	on	each	valve	
•  Largely	solitary	
•  Heavily	silicified	
	
Big	Family!	Handout	key	
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Polar	Marine	Diatom	Workshop	2018	

4	x	36	μm	

Synedropsis	hyperborea	
(Grunow)	Hasle,	Medlin	&	
Syvertsen	

Cylindrotheca	Closterium	(Ehrenberg)	Reimann	&		
J.C.	Lewin		

120.5	x	4.8	μm	

Example	Species	

84.5	x	7	μm	
		

Navicula	directa	(W.	Smith)	Ralfs	

Polar	Marine	Diatom	Workshop	2018	

Pseudogomphonema	sp.	

30	x	6	μm	

P.	arc@cum	/septentrionale	
	

30	x	6	μm	

P.	Groelandicum	/	
Kamtscha@cam	
	

31	x	8.5	μm	

Example	Species	

Pseudogomphonema	spp.	
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Polar	Marine	Diatom	Workshop	2018	

Example	Species	

Pleurosigma	stuxbergii		
Cleve	&	Grunow	

265	x	25	μm	

Gyrosigma	Tenuissimum	var.	hyperborea	
Gyrosigma	Hudsonii	
Credit:	Sylvie	Lessard	

96	x	7	μm	

Pleurosigma	/	Gyrosigma	spp.	

Polar	Marine	Diatom	Workshop	2018	

Nitzschia	frigida	Grunow	

Example	Species	

Pseudo-nitzschia	seriata		var.	obtusa	
(Hasle)	Hasle	&	Lundholm	
Credit:	Sylvie	Lessard	
Image	4496	Malina	2009,	St	690,	Cast	30,	Btl	19	
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Polar	Marine	Diatom	Workshop	2018	

Example	Species	

Entonomeis	Kjellmanii	var.	kariana	
(Cleve)	Poulin	&	Cardinal	

120	x	24	μm		

Navicula	Pelagica	Cleve	

29	x	3.5	μm		

Polar	Marine	Diatom	Workshop	2018	

Case	Study:	Dease	Strait,	2014	
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Polar	Marine	Diatom	Workshop	2018	

Dease	Strait,	Nunavut	
	

 45’  30’  15’  105
o

W  45’  30’ 
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  5’ 

 10’  

Cambridge Bay

Ice Camp

Dease Strait

Dease	Strait:	Overview	

7	March	-	9	June	
Sampling	events	IC1-IC15	

Thin	Snow	(<	10	cm)	
Thick	Snow	(15-25	cm)	
PAR	

Surface	

Boiom	Ice	(0-5cm)	

Interface	

Nutrients	(NOx,	PO4,	Si(OH)4)	
Salinity	
DOC	

Nutrients	(NOx,	PO4,	Si(OH)4)	
Salinity	/	Temperature	 PAR	

Chlorophyll	a	
Produc4on	(GPP,	NCP,	BP)	
Photophysiology	
Par4culate	organic	carbon	(POC)	
Taxonomy	
Abundance	(flow	cytometry)	

Polar	Marine	Diatom	Workshop	2018	

hips://www.hydrobios.de/product/combined-plate-chamber	
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Polar	Marine	Diatom	Workshop	2018	

PA
R	
Tr
an
sm

ii
an
ce
	(%

)	

Thin	Snow	(<	10	cm)	

Thick	Snow	(15-25	cm)	

PA
R 

Tr
an

sm
itt

an
ce

 (%
)

e)
20-Apr 30-Apr 10-May 20-May 30-May 9-Jun

30-Apr 10-May 20-May 30-May 9-Jun

0

1

2

3

4

5 c)

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

Average
Raw

Albedo

Transmittance

9-Jun

6

20-Apr 30-Apr 10-May 20-May 30-May

f)

d)
20-Apr 30-Apr 10-May 20-May 30-May 9-Jun

0

1

2

3

4

5

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1

Albedo

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

		

		

Mar April May June July

Bloom Timing

Downwelling 
PAR 

(μmol m-2 s-1)

Isolated Connected 

FYI 75°N 
    

500

0

1000 

Growth Interface

Brine pocket

Ice Crystal

0.5 - 1 mm

Brine channel
Melt pond

Month

Brine
Network

Mar April May June July

Bloom Timing

Downwelling 
PAR 

(μmol m-2 s-1)

Isolated Connected 

FYI 75°N 
    

500

0

1000 

Growth Interface

Brine pocket

Ice Crystal

0.5 - 1 mm

Brine channel
Melt pond

Month

Brine
Network

Light	

Dease	Strait:	Site	Condi4ons	

[Campbell	et	al.	2016,	Progress	Oceanography	149]	

Polar	Marine	Diatom	Workshop	2018	
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[Campbell	et	al.	2016,	Progress	Oceanography	149]	
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Sample Date

Choanoflagellate Dinoflagellate Flagellate Pennate Diatom Centric Diatom
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[Campbell	et	al.	2018,	Polar	Biology	41]	

Polar	Marine	Diatom	Workshop	2018	

Epiphy4c	AAheya	sp.	on	Nitzschia	frigida	colony	 AAheya	sp.	

Nitzschia	frigida	

Species-specific	tolerance	of	
environmental	condiYons?	
	
•  low	salinity	surface	waters	
•  low	nitrogen	condi4ons	
•  high	light	intensi4es	(increase	over	

spring	and	under	thick	snow)	
								[Melnikov	et	al.	2002,	Deep	Sea	Res	I	49,	1623–1649]	
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Produc4on	without	mul4ple	light	scaiering	

Produc4on	with	mul4ple	light	scaiering	
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Polar	Marine	Diatom	Workshop	2018	

[Campbell	et	al.	2017,	GRL	44]	

Time	to	look	at	some	samples…	


