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Objec3ves

• Gain	understanding	of	the	high	ArcFc	marine	ecosystem		
•  Movement	of	fishes	
•  Anthropogenic	disturbance	
•  Movement	of	marine	mammals	
•  Oceanography	variables	

•  Study	site		
•  	Resolute,	Nunavut	
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Species

• ArcFc	cod	(Boreagadus	Saida)	
•  Shorthorn	Sculpin	(Myoxocephalus	scorpius)	
• Ringed	seals	(Pusa	hispida)	

Sources:	h\p://www.arcodiv.org/Fish/Boreogadussaida.html,		

h\p://cetus.ucsd.edu/voicesinthesea_org/species/pinnipeds/ringedSeal.html	

h\p://rybalka.ru/riba/kerchak-evropeiskii	



Sub-project 1:  
Anthropogenic disturbance & Arc3c cod

Silviya	Ivanova	



1: Sound transmission losses

•  A)	Bathymetry	of	Resolute	bay	

•  B)	Noise-field	direcFonality	around	a	ship	(bow	-	0	and	360	
degrees;	behind	-	180)		

•  C)	Sound	Transmission	Losses	(TL)	along	the	eastern	lane	(cargo	
and	fuel	vessels)	

•  D)	Sound	TL	along	the	western	lane	(passenger	vessels)	
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1: Arc3c cod Popula3on Home Ranges
	

Hurlbert’s	index	of	
overlap	(0=no	overlap;		
1=complete	overlap):	

	
•  No vessels (NS) vs 

Vessels present (SS)  
    – 0.31 as population   
    -- 0.24  mean for 
individuals 
  
•  No vessels (NS) vs 

Vessels moving (SM)  
    – 0.48 as population  
    -- 0.04 for individual # 821 
 
 
 
 
 
 
 
 
 



1: Minimum convex polygon (MCP) 

•  Individual	MCP	
• Mean	MCP	
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1: Cod behaviours

•  Three	different	behaviours	based	on:	
•  Mean	Rate	of	movement	(m/s)	
•  Mean	turn	angle	
•  Sum	of	distance	
•  Variance	of	distance	

Arctic Cod 818 -- Cluster/Behaviour 3 Arctic Cod 812 -- Cluster/Behaviour 2 Arctic Cod 811 -- Cluster/Behaviour 1



1: Behavior propor3ons

Behaviour 1 Behaviour 2 Behaviour 3
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•  Significant	change	in	populaFon	behavior	
proporFons	for	all	three	behaviors	
•  NS	vs	SS	(p-value<2.2e-16)	
•  NS	vs	SM	(p-value=0.0005)	

•  Significant	change	in	behavior	proporFons	
for	all	three	behaviors	in	NS	vs.	SS	
•  1	(p-value<0.0001)	
•  2	(p-value<0.0001)	
•  3	(p-value=0.01831)		



Sub-project 2:  
Sculpin movements and trophic ecology

JusFn	Landry	



2: Sculpin: behaviours

•  Three	different	behaviours	based	on:	
•  Mean	Rate	of	Movement	(m/s)	
•  Mean	depth	(m)	
•  Sum	of	distance	(m)	
•  Linearity	raFo	



2: Sculpin behaviours & Arc3c cod

•  Movement pattern (MP) 1 decreased 
significantly with increase in cod 
abundance & MP 2 increased in Zone 1 

•  Explanation 1: feeding on cod 
•  Explanation 2: competing with cod for 

another food resource 

Zone	1	

Zone	2	 Zone	3	

MP1: z value = -4.29, p < 0.001 
MP2: z value = 2.15, p < 0.05 



2: Stable Isotope and Stomach Content 
Analysis of Shorthorn Sculpin

•  Trophic	posiFon	
increased	
significantly	with	
size	class,	except	
2014	(lack	of	
piscivorous	prey)	

•  Energy	coupled	
from	both	benthic	
and	pelagic	sources	
(>50%)	



Benthic  Pelagic
  
  
  

TP3 

TP2 

TP4 

2: Sculpin Diet & simplified food web 



Sub-project 3:  
Cod movements

Steven	Kessel	



a) b) 



Kessel ST, Hussey NE, Crawford RE, Yurkowski DJ, Webber DM, Dick TA and Fisk AT (In Review) First documented large-
scale horizontal movements of individual Arctic cod (Boreogadus saida).  Canadian Journal of Fisheries and Aquatic Sciences. 	



Sub-project 4:  
Oceanography variables

Caitlin	O’Neill	



4: Loca3ons of measures



4: Ice Concentra3on & Dissolved Oxygen Satura3on
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4: Temperature & Salinity



Sub-project 5:  
Movement of Ringed seals

Dave	Yurkowski	



5: Ringed seal movements

• Ice-free	periods:	
•  Resolute	-	102	days	
•  Amundsen	Gulf	-	115	
days		

•  Saglek	Bay	–	355	days	
•  Sanikiluaq	–	190	days	

Yellow	–	Melville	bay	(MB)	
Green	–	Resolute	(RS)	
Blue	–	Amundsen	Gulf	(AG)	
Red	–	Igloolik	(IG)	
Purple	–	Sanikiluag	(SQ)	
Pink	–	Saglek	Bay	(SB)	



5: Time spent in Area-Restricted Search (ARS)

•  ARS	behaviour	infers	slow,	tortuous	
movements	thought	to	occur	when	
encountering	patchily	distributed	prey	to	
increase	foraging	effort	in	profitable	patches		

•  A	laFtudinal	gradient		-		the	proporFon	of	
Fme	spent	in	ARS	significantly	increased	with	
mean	ice-free	season	duraFon	(Fig.	a)	

•  ProporFon	of	Fme	ringed	seals	spent	in	ARS	
was	higher	in	areas	where	inter-annual	sea	
ice	dynamics	were	more	synchronous	(Fig.	b)	

(Karieva	and	Odell	1987)	



Conclusion:

•  The	results	gained	from	this	project:	
•  Provide	a	baseline	understanding	of	the	high	ArcFc	marine	ecosystem	
• Would	help	direct	future	research	needs	
•  Aid	in	the	predicFon	of	future	trends	in	the	ArcFc	
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