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Abstract	

In	 the	 early	 1990s,	 the	 Atlantic	 cod	 stock	 in	 the	 Northwest	 Atlantic	 collapsed	 due	 to	
overexploitation	by	 the	Atlantic	 cod	 fishery.	Since	 then,	 the	stock	has	 failed	 to	 recover	 to	 its	
natural	population.	This	paper	explores	how	a	trophic	cascade	brought	about	from	the	initial	
removal	of	 the	 cod	 from	 the	Northwest	Atlantic	 ecosystem	can	explain	 the	 cod’s	 inability	 to	
recover.	The	reduction	in	cod	population	allowed	the	abundance	of	harp	seals	and	grey	seals	
(natural	predators	of	cod),	 to	 increase	due	to	a	reduction	 in	competition	for	the	role	of	apex	
predator.	Furthermore,	key	cod	prey	species	in	capelin	and	zooplankton	suffered	a	decrease	in	
abundance	due	to	the	collapse	of	the	cod	population.	As	a	result,	cod	face	increased	predation,	
a	 limited	amount	of	available	prey,	and	increased	competition	for	their	ecological	niche.	This	
has	undoubtedly	slowed	the	recovery	of	Atlantic	cod	in	the	Northwest	Atlantic.	

	

1.	Introduction	

The	 Atlantic	 cod	 population	 off	 the	 eastern	 coast	 of	 Canada	was	 decimated	 in	 the	 early	
1990s,	 primarily	 due	 to	 overfishing.	 Cod	 mortality	 due	 to	 fishing	 increased	 abruptly	
between	1989	and	1992,	leading	to	massive	drops	in	cod	population	across	the	Northwest	
Atlantic	 (Myers,	1996).	Fishing	of	Atlantic	 cod	was	banned,	but	despite	 the	alleviation	of	
fishing	pressures,	the	cod	stock	has	been	slow	to	recover.	There	are	a	variety	of	hypotheses	
regarding	the	reason	behind	the	stock’s	failure	to	recover	including	changing	temperatures,	
increased	 predation	 pressure	 on	 cod,	 decreased	 prey	 abundance,	 and	 increased	
competition.	The	collapse	of	the	cod	population	triggered	a	trophic	cascade;	when	cod	was	
removed	from	the	ecosystem,	the	populations	of	the	entire	ecosystem	were	affected,	either	
positively	 or	 negatively,	 depending	 on	 their	 ecological	 relationship	with	 cod.	 This	 paper	
will	 focus	 on	 how	 ecological	 changes	 caused	 by	 this	 trophic	 cascade	 have	 slowed	 the	
recovery	of	the	cod	stock	via	synthesizing	studies	about	increased	top-down	and	bottom-
up	pressures	in	the	food	chain	and	elevated	competition,	and	will	disprove	temperature	as	
a	possible	contributor.		

Top-down	pressures	include	increased	predation	of	cod	by	both	harp	seals	and	grey	seals	
due	 to	 an	 increase	 in	 their	 populations.	 Bottom-up	 pressures	 include	 a	 decreased	
population	 of	 capelin,	 a	 vital	 food	 source	 for	 Atlantic	 cod,	 as	well	 as	 possibly	 decreased	
zooplankton,	 for	 which	 cod	 are	 outcompeted.	 Synthesizing	 studies	 on	 the	 effect	 each	 of	
these	species	has	on	Atlantic	cod	 is	 important	and	unique	because	most	studies	 focus	on	
one	species,	whereas	this	approach	will	encompass	the	total	ecological	impacts	Atlantic	cod	
face	 using	 data	 from	 multiple	 studies.	 This	 research	 issue	 is	 important	 because	
understanding	the	reasons	for	the	non-recovery	of	the	cod	may	identify	potential	methods	
to	assist	the	recovery	of	Atlantic	cod,	allowing	for	the	restoration	of	the	natural	ecosystem	
and	 reopening	 of	 the	 cod	 fishery.	 Additionally,	 a	 better	 understanding	 of	 the	 ecological	
changes	 caused	 by	 the	 collapse	 of	 the	 cod	 stock	may	 be	 applicable	 to	 other	 ecosystems.	
Negative	implications	of	a	failure	to	understand	the	non-recovery	of	cod	may	lead	to	failed	
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conservation	efforts,	continued	non-recovery	of	cod,	and	possibly	even	a	further	decline	of	
cod	into	extirpation	or	extinction.	

2.	Atlantic	Cod	as	a	Keystone	Species	

Before	the	early	1990s,	cod	were	considered	an	apex	predator	in	the	ecosystem.	As	shown	
in	 Figure	 1,	 large	 cod	 faced	 very	 low	 predation	 mortality-	 the	 majority	 of	 large	 cod	
mortality	was	 due	 to	 the	 fishery,	 at	 66%	 (Bundy,	 Fanning,	 2005).	 Banning	 the	 fishing	 of	
Atlantic	cod	helped	 large	cod,	as	 shown	 in	Figure	1	by	decreased	mortality	 in	 the	1990s.	
However,	also	in	Figure	1,	small	cod	face	3	times	greater	predation	mortality	by	proportion,	
and	the	mortality	of	small	cod	is	much	greater,	making	it	difficult	for	cod	to	get	to	the	large	
cod	 stage.	 This	 increase	 in	 small	 cod	 predation	 is	 likely	 due	 to	 a	 similar	 amount	 of	
predation	on	a	smaller	amount	of	small	cod	(Bundy,	Fanning	2005).	The	collapse	of	Atlantic	
cod	 caused	 a	 trophic	 cascade	 in	 the	 ecosystem.	 The	 disappearance	 of	 cod	 triggered	 an	
increase	or	decrease	in	abundance	to	every	other	species	in	the	ecosystem	in	an	alternating	
pattern.	 Following	 this	 pattern,	 previously	 cod-dominated	 ecosystems	 generally	
experienced	 growth	 in	 seal	 numbers	 (likely	 due	 to	 decreased	 competition	 as	 apex	
predators),	an	increase	in	shrimp	(less	predation	pressure),	a	decrease	in	zooplankton	(due	
to	an	increase	in	zooplankton	predators,	such	as	shrimp),	and	an	increase	in	phytoplankton	
(due	 to	 less	 zooplankton	 grazing)	 (Bundy,	 2009),	 and	 an	 increase	 in	 crab	 populations	
(Bundy,	 Fanning	 2005).	 Additionally,	 cod	 experienced	 a	 variety	 of	 biological	 change,	
including	elevated	natural	mortality,	poor	health,	early	maturation,	and	decreased	average	
age	and	size	(Mullowney,	Rose	2014).	These	changes	are	 important	 to	note	as	 they	are	a	

result	of	the	absence	of	cod	in	
the	 ecosystem,	 and	 likely	
contribute	 to	 the	 non-
recovery	 of	 the	 stock.	 The	
ecological	 niche	 of	 cod	
changed	 as	 a	 result	 of	 them;	
small	cod	and	 large	cod	have	
significantly	different	roles	in	
the	 ecosystem	 (Bundy,	
Fanning	 2005),	 and	 cod	 are	
mostly	 small	 after	 the	
collapse.	

Figure	1	 -	Total	mortality	per	year	of	 large	and	small	cod	on	the	
eastern	Scotian	Shelf	in	the	early	1980s	and	late	1990s.	White	bars	
indicate	 fishing	 mortality,	 shaded	 bars	 indicate	 predation	
mortality,	 and	 black	 bars	 indicate	 other	 mortality	 (Bundy,	
Fanning,	2005).	
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3.	Bottom-up	pressure	on	cod	

3.1	Capelin	

Atlantic	cod	are	known	to	be	opportunistic,	generalist	hunters	who	prey	on	a	wide	variety	
of	 species,	 but	decreased	 availability	 in	 a	 few	essential	 prey	 species	may	be	 limiting	 cod	
recovery	from	the	bottom	up.	It	has	long	been	known	that	capelin,	a	species	of	forage	fish,	
are	particularly	 important	 in	 the	diets	of	Atlantic	cod.	 In	a	study	by	Mullowney	and	Rose	
(2014),	 cod	 were	 taken	 from	 a	 location	 where	 they	 were	 in	 poor	 health	 due	 to	
malnourishment,	 and	another	 location	where	 they	were	 in	good	condition.	When	 fed	 the	
same	diet,	they	found	the	cod	from	both	locations	were	equally	capable	of	growth	to	pre-
collapse	sizes.	Additionally,	the	malnourished	cod	primarily	fed	on	shrimp,	and	had	fuller	
stomachs,	whereas	the	cod	in	good	condition	primarily	 fed	on	capelin.	Analysis	of	energy	
density	 showed	 that	 capelin	 contain	 a	 high	 proportion	 of	 lipids,	 and	 double	 the	 energy	
density	of	shrimp.	The	results	of	the	study	imply	that	capelin	is	an	essential	food	source	for	
Atlantic	cod	due	to	its	high	energy	density,	and	a	lack	of	capelin	in	the	diet	is	detrimental	to	
the	 health	 of	 Atlantic	 cod.	 Thus,	 a	 reduction	 in	 capelin	 availability	 to	 cod	 can	 somewhat	
control	 cod	 population	 from	 the	 bottom-up,	 even	 in	 the	 abundance	 of	 other	 prey	 items,	
such	as	shrimp	and	crabs.	Around	the	same	time	as	the	decimation	of	the	Atlantic	cod	stock	
occurred,	 a	 similar	 collapse	 and	 subsequent	 non-recovery	 occurred	 regarding	 capelin	
stocks.	In	addition	to	being	less	populous,	capelin	are	smaller,	mature	faster,	are	in	worse	
condition,	 stay	 in	 greater	 depths,	 and	 have	 a	 smaller	 distribution	 (DFO	 2011).	 It	 is	
hypothesized	that	capelin	numbers	are	being	controlled	by	a	shortage	of	euphausiid	prey	
(Obradovich,	Carruthers,	Rose	2014).	It	is	difficult	to	prove	that	a	shortage	in	euphausiids	
was	brought	on	by	the	trophic	cascade	due	to	a	lack	of	data	on	euphausiid	numbers	before	
the	 cod	 disappeared.	 However,	 the	 removal	 of	 cod	 from	 the	 ecosystem	 seems	 to	 have	
allowed	 for	 an	 increase	 in	 the	 populations	 of	 forage	 fish,	 which	 would	 in	 turn	 cause	 a	
decrease	 in	 the	populations	of	 zooplankton,	 such	as	euphausiids	 (Bundy,	2009).	Also	 the	
studies	by	Bundy	and	Fanning	(2005)	and	DFO	(2011)	contradict	each	other,	as	the	former	
claims	capelin	numbers	have	increased,	which	would	discount	the	capelin	theory,	whereas	
the	latter	suggests	capelin	numbers	have	collapsed.	The	DFO	study	is	likely	more	relevant	
due	 to	 being	 more	 recent.	 The	 concept	 of	 trophic	 cascade	 would	 also	 suggest	 capelin	
numbers	 should	 have	 increased,	 but	 the	 data	 of	 the	 DFO	 study	 disagrees.	 Contrasting	
conclusions	 between	 Bundy	 and	 Fanning	 (2005)	 and	 DFO	 (2011)	 suggest	 that	 capelin	
numbers	may	have	collapsed	between	2005	and	2011,	and	discontinuity	with	the	concept	
of	trophic	cascade	likely	arose	because	the	ecosystem	is	too	complicated	to	easily	predict	
using	the	concept.	

3.2	Zooplankton	

If	 the	 ecological	 changes	 accompanying	 the	 cod	 collapse	 reduced	 the	 amount	 of	
zooplankton	 available,	 it	 would	 likely	 be	 another	 factor	 in	 the	 slow	 recovery	 of	 the	 cod	
population.	Large	zooplankton	are	an	important	source	of	food,	particularly	for	small	cod.	A	
study	 by	 Bundy	 and	 Fanning	 (2005)	 found	 that	 large	 zooplankton	 consumption	 by	 both	
large	 and	 small	 cod	 decreased	 significantly	 after	 the	 1990s.	 They	 used	 a	 program	 called	
Ecopath,	which	uses	mass	and	energy	balance	equations	to	create	a	mathematical	model	of	
the	 ecosystem	 being	 examined,	 using	 species	 abundance	 data	 from	 the	 eastern	 Scotian	
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Shelf	 before	 and	 after	 the	 cod	 collapse.	 Again,	 it	 is	 unknown	 if	 zooplankton	 numbers	
decreased	after	cod	were	removed	from	the	ecosystem,	but	regardless,	cod	face	significant	
competition	for	zooplankton.	Bundy	and	Fanning	(2005)	found	that	small	cod	face	greater	
potential	 competition	 than	 any	 other	 species	 on	 the	 eastern	 Scotian	 Shelf,	 and	 are	
particularly	handicapped	in	competition	for	large	zooplankton.	The	small	cod	population	of	
the	Easter	Scotian	Shelf	averaged	a	zooplankton	consumption	of	16,000	t	a	year,	whereas	
competitor	species	in	the	area	combine	for	6	million	t	of	zooplankton	consumed	per	year.	
Furthermore,	they	found	that	small	cod	compete	for	the	same	species	of	large	zooplankton	
as	other	species,	and	are	harshly	outcompeted	for	them.	The	capelin	study	by	Mullowney	
and	 Rose	 (2014)	 undoubtedly	 shows	 that	 a	 lack	 of	 capelin	 in	 the	 diet	 hampers	 certain	
Atlantic	cod	populations,	whereas	the	Bundy	and	Fanning	(2005)	study	is	less	reliable	due	
to	its	reliance	on	mathematical	data	and	limitation	to	estimates.		

4.	Top-down	pressure	on	cod	

4.1	Harp	Seals	

Another	 contributing	 factor	 to	 the	non-recovery	of	 cod	 is	 top-down	control,	 as	 increased	
predation	rates	have	led	to	an	elevated	natural	mortality	rate.	The	impact	of	predation	on	
small	 cod	 increased	drastically	after	 the	collapse.	As	previously	 shown	 in	 figure	1,	 in	 the	
late	1990s,	97%	of	all	small	cod	mortality	was	due	to	predation,	an	increase	from	60%	in	
the	early	1980s.	This	increase	is	likely	due	to	a	similar	amount	of	predation	occurring	on	a	
smaller	amount	of	cod	(Bundy,	Fanning,	2005).	The	trophic	cascade	caused	by	the	removal	
of	 keystone	 Atlantic	 cod	 benefitted	 multiple	 seal	 species,	 including	 harp	 seals	 and	 grey	
seals,	 by	 removing	 competition	 for	 the	 role	 of	 apex	 predator	 in	 the	 ecosystem	 (Bundy,	
Fanning	 2005).	 Increasing	 seal	 populations	 negatively	 affect	 cod	 both	 because	 of	 an	
increase	 in	 competition	 for	 large	 cod,	 and	 because	 seals	 are	 natural	 predators	 to	 cod.	 A	
statistical	 analysis	 study	 on	 harp	 seal	 predation	 (Chassot,	 2009)	 using	 seal	 stomach	
contents	 as	 data	 found	 that	 cod	 biomass	 removed	 by	 harp	 seal	 predation	 per	 year	 was	
about	10,000	t	pre	collapse,	and	increased	to	a	peak	of	30,000	t	in	2000,	rising	as	harp	seal	
abundance	rose.	It	was	concluded	that	increased	harp	seal	predation	likely	contributed	to	
the	 non-recovery	 of	 Atlantic	 cod	 by	 reducing	 the	 number	 of	 individuals	 who	 reach	
spawning	age.	

4.1	Grey	Seals	

	Grey	 seal	predation	 is	 also	 likely	a	 large	 factor	 in	 the	non-recovery	of	Atlantic	 cod.	Grey	
seals	 are	one	of	 few	natural	predators	of	 large	 cod,	 and	have	experienced	an	 increase	 in	
biomass	 since	 the	cod	disappeared	 in	 the	early	1990s.	Grey	seals	are	 responsible	 for	 the	
majority	of	deaths	by	predation	in	the	large	cod	population,	and	are	responsible	for	about	
19%	of	small	cod	predation	deaths	(Bundy,	Fanning	2005).	A	study	by	Chouinard	(2005)	
compared	 statistic-based	 mathematical	 models	 of	 cod	 natural	 mortality	 and	 grey	 seal	
population.	 It	 was	 found	 that	 changes	 in	 the	 estimated	 natural	 mortality	 of	 cod	 was	
correlated	with	 fluctuations	 in	grey	seal	abundance,	 including	a	high	natural	mortality	of	
cod	correlating	with	increasing	numbers	of	grey	seals,	from	the	early	1970s	before	the	cod	
collapse	 into	 the	 late	 1990s.	 Similarly	 to	 harp	 seal	 predation,	 grey	 seal	 predation	 likely	
contributes	to	the	non-recovery	of	Atlantic	cod	by	reducing	the	number	of	cod	which	reach	
sexual	maturity,	as	deaths	by	predation	of	large	cod	are	very	low	(Bundy,	Fanning,	2005).	
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However,	 greater	 numbers	 of	 grey	 seals,	 in	 a	 larger	 range	 of	 cod	 habitats,	 for	 a	 longer	
period	of	the	year	suggests	that	grey	seal	predation	is	a	larger	factor	in	the	non-recovery	of	
cod	than	harp	seal	predation	(Chouinard,	2005).	In	the	end,	statistical	models	of	grey	seal	
and	harp	seal	predation	on	cod	suggest	that	the	proportion	of	predation	cod	face	from	seals	
has	 increased	with	 increasing	seal	numbers	and	decreasing	cod	numbers.	The	studies	by	
Chasset	 (2009)	and	Chouinard	(2005)	are	very	similar	 in	methodology,	but	Chasset	used	
data	from	harp	seal	stomachs	where	Chouinard	used	grey	seal	population	data	and	natural	
cod	mortality	estimates.	Thus,	Chouinard’s	results	are	more	likely	to	be	due	to	coincidence	
than	 Chasset’s	 because	 Chouinard	 has	 no	 direct	 evidence	 of	 the	 grey	 seals	 eating	 cod.	
Conversely,	Chasset’s	study	is	more	prone	to	inaccuracy	as	it’s	data	is	limited	to	only	dead	
harp	seals	whose	stomach	contents	were	examined.	

5.	Temperature	as	a	Possible	Factor	

One	 alternate	 theory	 for	 the	 failure	 of	 the	 Northwest	 Atlantic	 cod	 stock	 to	 recover	 is	
decreased	 productivity	 due	 to	 lower	 temperatures.	 In	 colder	 waters,	 Atlantic	 cod	 were	
found	 to	 grow	 slower	 and	 reproduce	 less	 (Raetz	 H,	 Lloret,	 2003).	 This	 suggests	 that	 a	
cooler	 climate	 could	 explain	 the	 cod	 stock’s	 failure	 to	 recover.	 However,	 according	 to	 a	
study	by	Drinkwater	(2009),	the	North	Atlantic	experienced	a	warm	period	from	the	1990s	
to	the	2000s.	The	higher	temperatures	were	shown	to	help	cod	productivity,	but	the	stock	
still	 hasn’t	 recovered.	 Additionally,	 a	 study	 by	Myers	 and	Hutchings	 (1994)	 found	 that	 a	
cold	period	 in	the	early	1990s	could	be	ruled	out	as	a	contributing	 factor	to	the	collapse.	
The	Atlantic	cod	stock	had	been	able	to	support	levels	of	harvesting	similar	to	those	of	the	
late	80s	and	early	90s	during	an	even	colder	period	in	the	late	18th	century	and	early	19th	
century.	 These	 inconsistencies	 suggest	 that	 temperature	 likely	 has	 little	 impact	 on	 cod	
recovery.	Trophic	 cascade	 is	 a	more	 likely	 culprit	due	 to	 the	 large	 amount	of	 observable	
evidence	supporting	it.	

6.	Conclusions	

In	 conclusion,	 the	 non-recovery	 of	 cod	 stocks	 in	 the	 Northwest	 Atlantic	 is	 an	 important	
issue	both	for	scientists	to	better	understand	ecology,	and	for	the	general	public,	due	to	the	
nonexistence	of	 the	 fishery.	The	non-recovery	of	 the	Atlantic	 cod	 stock	 in	 the	Northwest	
Atlantic	seems	to	be	the	result	of	a	variety	of	factors,	trophic	and	other.	Ecological	changes,	
traceable	 to	 the	 initial	 collapse	 of	 the	 cod,	 largely	 seem	 to	 have	 harmed	 the	 potential	
recovery	 of	 the	 stock.	 Predators	 of	 cod	 increased	 and	 available	 food	 for	 cod	 decreased,	
either	because	of	a	decrease	in	prey	species	or	an	increase	in	competitors	for	limited	prey.	
However,	this	hypothesis	does	not	include	abiotic	factors,	such	as	temperature	(Bousquet,	
2014),	 nor	 all	 relevant	 biotic	 factors,	 as	 the	 ecosystems	 in	 the	 Northwest	 Atlantic	 are	
extremely	 complex.	 It	 is	 undeniable	 that	 trophic	 factors	 such	 as	 the	 increase	 in	 seal	
numbers	and	 the	decrease	 in	 capelin	and	zooplankton	have	negatively	affected	 cod,	 thus	
slowing	 its	 recovery.	However,	 the	non-recovery	of	 cod	 is	 likely	due	 to	 a	 combination	of	
factors,	including	many	factors	beyond	the	scope	of	this	paper.	As	for	implications	for	cod	
conservation,	 the	ecological	 shifts	 that	have	slowed	the	recovery	of	cod	aren’t	 reversible,	
but	they	also	haven’t	completely	stopped	the	recovery	of	cod.	As	long	as	the	ban	on	Atlantic	
cod	fishing	is	continued,	cod	will	continue	to	slowly	recover.		
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Cod	may	also	be	 threatened	by	 future	 factors	such	as	climate	change	(Drinkwater,	2005)	
and	ocean	acidification	(Frommel,	2012),	both	of	which	seem	to	pose	a	legitimate	threat	to	
cod.	These	factors	are	difficult	to	study	because	they	aren’t	relevant	to	cod	in	the	wild	yet,	
so	they	can	only	be	studied	in	a	laboratory	setting.	Additionally,	we	cannot	be	certain	about	
the	future	ocean’s	pH	and	temperature,	so	only	estimates	can	be	used	in	these	studies.	Such	
studies	 would	 replicate	 predicted	 ocean	 pH/temperature	 in	 a	 laboratory	 setting	 and	
examine	 the	effects	of	 cod	 in	all	 stages	of	 life	as	compared	 to	current	ocean	 temperature	
and	 pH.	 It	 is	 logical	 to	 hypothesize	 that	 they	will	 negatively	 affect	 cod,	 especially	 in	 the	
vulnerable	larval	stages,	where	low	pH	is	known	to	cause	tissue	damage	(Frommel,	2012).	
Knowing	what	effects	decreased	ocean	pH	and	increased	ocean	temperature	will	have	on	
cod	is	important	for	predicting	the	amount	of	time	the	recovery	of	the	species	will	take,	and	
to	what	extent	cod	will	be	able	to	recover	in	an	ecosystem	with	different	abiotic	factors.	
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