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Abstract	

Ballast	water	 frequently	 introduces	potentially	harmful,	non-indigenous	dinoflagellates	
into	 marine	 ecosystems,	 either	 through	 water	 or	 within	 ballast	 sediments.	 Foreign	
dinoflagellates	 contribute	 to	 the	 development	 of	 harmful	 algal	 blooms,	 and	 affect	
aquaculture	and	human	health	due	to	paralytic	shellfish	poison	(PSP).	Eastern	Canadian	
marine	 ecosystems	 are	 becoming	 increasingly	 vulnerable	 due	 to	 rising	 water	
temperatures,	 enabling	 tropical	 dinoflagellates	 to	 survive	 in	 an	 environment	 that	 was	
previously	 too	 cold.	 Ships	 participating	 in	 a	 coastal	 ballast	 exchange	 have	 the	 highest	
probability	of	 transporting	harmful,	non-indigenous	dinoflagellates.	This	paper	aims	 to	
prove	 that	 additional	 methods	 of	 control	 are	 needed	 to	 limit	 the	 number	 of	 harmful	
dinoflagellates	transported	by	ballast	water.	Ballast	water	exchange,	made	law	in	2006,	
is	an	 insufficient	method	 to	 control	 the	 introduction	of	 foreign	 taxa,	 and	when	done	 in	
coastal	waters,	 could	 instead	 increase	 the	number	of	 toxic	dinoflagellates	brought	 into	
marine	 ecosystems.	 The	 implementation	 of	 an	 external	 Canadian	management	 body	 is	
proposed	 to	 regulate	 ballast	 water	 exchange	 and	 tighten	 ballast	 water	 requirements.	
Studies	 in	 Eastern	 Canada	 will	 be	 used	 to	 examine	 the	 magnitude	 of	 harmful,	 non-
indigenous	 dinoflagellates	 introduced	 in	 Eastern	 Canada.	 As	 well,	 national	 and	
international	 studies	 will	 be	 brought	 together	 to	 examine	 potential	 effect	 of	 non-
indigenous	dinoflagellates.	

	

1. Introduction	

Ballast	water	is	responsible	for	the	transportation	of	non-indigenous	species	(NIS)	and	potentially	
harmful	 dinoflagellates	 into	marine	 ecosystems.	 	 In	 Eastern	 Canada,	 ballast	water	 is	 particularly	
problematic	due	to	a	continual	increase	in	both	size	and	distribution	of	ship	traffic	(Roy	et	al.	2012).	
Bulk	 carriers	 dominate	 ship	 traffic	 along	 the	 eastern	 coast	 in	 Canada,	 with	 ships	 being	 divided	
among	 those	 that	 do	 and	 do	 not	 engage	 in	 ballast	 water	 exchange	 (BWE).	 Transoceanic	 ships,	
coastal	ships	with	BWE,	and	coastal	ships	without	ballast	water	exchange	are	the	main	categories	of	
ships	that	visit	Canada’s	eastern	coast	(Roy	et	al,	2012).	Transoceanic	ships	(TOE)	undertake	ballast	
water	 exchange	 and	 voyage	 across	 continents.	 Coastal	 ships	 are	 those	 typically	 from	 the	 United	
States	 of	 America	 and	 they	 are	 further	 divided	 between	 those	 that	 do	 undergo	 a	 ballast	 water	
exchange	(CE)	and	those	that	do	not	engage	in	a	ballast	water	exchange	(CNE).		

	

The	 importation	 of	 dinoflagellates	 via	 ballast	 water	 can	 be	 potentially	 harmful	 to	 marine	
ecosystems,	 having	 disastrous	 effects	 on	 fish	 communities,	 aquaculture	 and	 eventually,	 human	
health.	 Harmful	 dinoflagellate	 species	 are	 transferred	 through	 the	 ballast	 water,	 and	 increase	
frequency	 and	 severity	 of	 toxic	 poisoning	 towards	 humans,	 such	 as	 paralytic	 shellfish	 poisoning	
(PCP)	 (Casas-Monroy	 et	 al.,2011).	 	 By	 allowing	harmful	dinoflagellates	 to	 continue	 to	 increase	 in	
concentration,	 they	 can	 produce	 dangerous	 harmful	 algal	 blooms	 (HAB),	 producing	 toxins	 and	
causing	mechanical	damage	to	other	organisms	(Mudie	et	al.,2001).	
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Research	 today	 on	 the	 introduction	 of	 harmful	 dinoflagellates	 due	 to	 ballast	 water	 is	 lacking	 in	
longevity.	Harmful	dinoflagellate	concentrations	have	only	been	studied	for	a	few	decades	and	long	
term	 effects	 are	 relatively	 unknown.	 Previous	 studies,	 such	 as	 Mudie	 et	 al	 (2001)	 utilized	 the	
Holocene	history	 of	 dinoflagellate	 cysts	 as	 a	 proxy	 for	 production	of	 harmful	 algal	 blooms.	 Some	
dinoflagellates	are	able	to	form	cysts	at	various	life	stages	which	can	be	dormant	or	serve	as	seeds.		
Dormant	 cysts	 are	 better	 able	 to	 withstand	 adverse	 conditions	 and	 can	 help	 dinoflagellates	 to	
survive	 whereas,	 cysts	 that	 act	 as	 seeds	 will	 often	 initiate	 harmful	 algal	 blooms	 (Lacasse	 et	 al.,	
2012).	Not	all	dinoflagellates	produce	seeds,	which	result	in	large	margins	of	error	in	Mudie	and	al.	
study	(2001).		

	

This	 paper	 illustrates	 the	 need	 for	 additional	 limitations	 for	 BWE	 ships.	 Ships	with	 no	 BWE	 can	
account	 for	 over	 half	 of	 the	 foreign	 water	 discharged,	 and	 are	 primarily	 from	 regions	 where	
dinoflagellates	have	higher	 chances	of	 survival,	 such	as	northeast	USA	 (Lacasse	et	 al.,	 2012).	The	
purpose	of	this	paper	is	to	prove	that	stricter	enforcement	of	BWE	is	needed.	Studies	from	Eastern	
Canada	 will	 be	 brought	 together	 to	 examine	 the	 presence	 of	 NIS	 and	 harmful	 dinoflagellates	
brought	 into	 East	 Coast	 waters	 by	 ballast	 water.	 International	 studies	 will	 be	 used	 to	 outline	
potential	 effects	 of	 high	 concentrations	 of	 harmful	 dinoflagellates	 on	 the	 ecosystem	 and	
aquaculture.	 If	 achieved,	 limiting	 the	 amount	 of	 future	 harmful	 dinoflagellates	 will	 reduce	 the	
frequency	 and	 severity	 of	 harmful	 algae	 blooms	 allowing	 for	 a	 healthier	 marine	 ecosystem.	
Additionally,	this	paper	strives	to	suggest	the	need	for	an	external	Canadian	management	body	to	
control	 and	 improve	upon	 current	BWE	practices.	This	management	body	would	work	 to	 ensure	
that	BWE	is	being	done	a	proper	distance	away	from	the	coast,	and	ensuring	that	it	 is	done	by	all	
ships	 of	 proper	 size.	 It	would	 also	work	 to	 tighten	 the	 requirements	 for	 ships	who	 do	 not	 need	
undergo	a	BWE.	Currently	there	are	international	governing	bodies	and	national	rules	but	no	active	
managing	body	 for	Canada.	However,	 this	management	body	would	be	 limited	 in	 their	 ability	by	
financial	restrictions	as	well	as	the	difficulty	in	tracking	all	ships	entering	and	leaving	all	Canadian	
coasts.		

	

2. Background	

Ballast	water	is	seawater	carried	in	ballast	tanks	of	large	ships	for	the	purpose	of	increasing	
stability	of	a	ship	once	cargo	has	been	released	or	before	it	is	loaded	(Casas-Monroy	et	al.,	2011).	
Ships	take	up	water	at	or	near	port	of	departure	and	later	discharge	once	near	destination,	in	the	
process	transporting	many	marine	organisms.	Some	of	the	organisms	introduced	are	potentially	
dangerous	dinoflagellates,	most	commonly	a	form	of	marine	plankton	(Casas-Monroy	et	al.,	2011).		
Dinoflagellates	can	cause	harmful	algal	blooms,	known	as	red	tides,	and	when	NIS	arrive	to	the	area	
they	can	invade	existing	ecosystems	(Mudie	et	al.,	2002).	A	large	amount	of	ships	containing	ballast	
water	undergo	a	ballast	water	exchange.	A	BWE	occurs	to	replace	the	coastal	ballast	water	with	
mid-ocean	surface	seawater,	thus	also	exchanging	organisms	with	in	the	water	(Ruiz	and	Reid,	
2007).	

	

Canada	introduced	BWE	in	the	early	1990’s	and	by	2006	it	was	introduced	as	law	(Roy	et	al.,	2012).	
The	 law	 required	all	 ships	 leaving	Canada’s	 coastal	waters	 to	undergo	a	 full	 flush	of	 their	ballast	
water	 in	 the	 open	 ocean,	 away	 from	 coastal	 waters,	 before	 emptying	 ballast	 water	 in	 Canadian	
waters.	 Toxic	 dinoflagellates	 only	 distribute	 and	 have	 the	 potential	 to	 invade	 in	 coastal	 waters,	
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defending	 the	 idea	 that	 flushing	 ballast	 tanks	would	 decrease	 the	 potential	 risks	 involving	 toxic	
dinoflagellates	(Roy	et	al.,	2012).		

	

Dinoflagellates	have	posed	an	expedited	risk	to	aquaculture	over	the	past	5-6	decades	due	to	global	
changes.	 Canada	 has	 experienced	 an	 increase	 in	 ship	 traffic,	 driving	 an	 increase	 in	 harmful	 algal	
blooms	 (Mudie	 et	 al.,	 2001).	 Additionally,	 climate	 change	 is	 causing	 an	 increase	 in	 ocean	
temperatures,	 allowing	 the	 toxic,	 invasive	 dinoflagellates	 an	 advantage	 in	 the	 changing	
environment.	 Previously,	 cold	 water	 temperature	 reduced	 the	 chances	 of	 survival	 for	
dinoflagellates	 that	originated	 from	warmer	waters.	Warmer	water	along	 the	Atlantic	 coast	 gives	
dinoflagellates	 improved	chances	of	survival.	Many	invasive	plants	share	traits	that	 increase	their	
ability	to	adapt	to	a	transitioning	environment	(Dukes	and	Mooney,	1999).	These	traits	will	 favor	
the	invasive	species	over	the	non-invasive,	increasing	the	potential	for	damage	to	the	surrounding	
ecosystem.	 As	 ocean	 temperatures	 continue	 to	 increase,	 so	 does	 the	 vulnerability	 of	 Canada’s	
eastern	coast.	

	

	

3. Ballast	water	exchange	

The	introduction	of	NIS	dinoflagellates	relies	on	the	dinoflagellate’s	ability	to	survive	considerable	
time	without	light	(Figure	1.	Summarizes	all	necessary	steps	for	successful	dinoflagellate	survival).	
Many	dinoflagellate	taxa	are	mixotrophic,	meaning	they	can	use	a	variety	of	sources	for	energy.	This	
enables	theme	to	feed	on	organic	material	found	in	ballast	tanks	when	light	is	unavailable	(Roy	et	
al.,	2012).	Additionally,	dinoflagellates	can	form	temporary	dormant	cysts	to	endure	a	long	travel,	
and	later	germinate	in	ballast	tank	or	once	introduced	into	ocean	water.		

A	 study	on	 the	 introduction	of	harmful	dinoflagellates	 in	Eastern	Canada	conducted	by	Roy	et	al.	
(2012)	 found	 that	 56%	 of	 ships	 studied	 visiting	 the	 St	 Lawrence,	 Halifax,	 and	 St	 John	 ports	
contained	NIS	dinoflagellates,	and	most	were	found	in	ships	that	underwent	BWE.	Using	5L	Nalgene	
bottles,	samples	were	taken	of	ballast	water	though	manholes	of	Transoceanic	(TOE),	coastal	ships	

Figure 1. Flow chart of steps necessary for 
ballast water introduction (Hallegraeff, 
1998). 
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with	 ballast	water	 exchange	 (CE)	 and	 coastal	 ships	without	 ballast	water	 exchange	 (CNE).	 Some	
ships	carry	a	small	enough	amount	of	water	to	not	need	to	undergo	a	ballast	water	exchange,	but	
still	pose	some	risk	to	the	environment	(Ruiz	and	Reid,	2007).	 In	these	cases,	the	residual	coastal	
water	is	released	at	the	port	and	introduced	directly	into	the	destination’s	coastal	water	(Ruiz	and	
Reid,	 2007).	 Coastal	 ships	 that	 did	 not	 engage	 in	 a	 ballast	 water	 exchange	 contained	 smaller	
concentrations,	 and	 a	 lower	 number	 of	 NIS	 taxa	 than	 ships	 who	 underwent	 a	 ballast	 water	
exchange	(TOE	and	CE)	(Roy	et	al.,	2012).	The	introduction	of	an	external	management	body	could	
ensure	that	ships	who	undergo	BWE	do	so	at	a	sufficient	distance	away	from	the	coast	in	order	to	
properly	 flush	out	 the	 tank	with	surface	water.	Doing	so	would	 ideally	 reduce	 the	amount	of	NIS	
dinoflagellates	that	enter	Eastern	Canada	through	ballast	water	exchanging	ships.	

	

Another	study	conducted	by	Casas-Monroy	et	al.	 (2011)	examined	 the	ballast	water	sediments	of	
cargo	 ships	 visiting	 the	 east	 coast	 of	 Canada.	 This	 was	 the	 first	 study	 in	 the	 area	 to	 examine	
phytoplankton	in	ballast	sediments.	The	study	dealt	with	dinoflagellate	cysts,	both	live	and	empty,	
as	empty	cysts	may	represent	germination	that	occurred	on	board.	Cyst	samples	were	taken	from	
ballast	water	tanks	when	empty,	and	cysts	were	divided	into	categories	of	viable	cysts,	empty	cysts,	
total	 cysts,	 total	 NIS	 cysts,	 empty	 NIS	 cysts	 and	 viable	 NIS	 cysts.	 Of	 all	 taxa	 examined,	 7	 were	
potentially	harmful	or	toxic	and	14	were	non-indigenous	to	the	area	(pictured	below	in	Figure	2).	
Living	 and	 potentially	 viable	 cysts	 of	 NIS	were	 present	 in	 30%	of	 ships	 studied,	 found	 in	 higher	

concentrations	in	ships	without	ballast	water	exchange	(Casas-Monroy	et	al.,	2011).	

	

The	studies	of	Roy	et	al.	(2012)	and	Casas-Monroy	et	al.	(2011),	come	to	inconclusive	results	on	the	
efficiency	of	BWE.	Roy	et	al.	(2012),	concludes	that	ballast	water	exchanging	ships	have	increased	
concentrations	 of	 NIS	 dinoflagellates.	 In	 contrast,	 Casas-Monroy	 et	 al.	 (2011)	 had	 higher	
concentrations	 of	 all	 dinoflagellate	 cysts	 in	 ships	 that	 did	 not	 engage	 in	 BWE.	 However,	 it	 did	
acknowledge	that	ballast	sediments	do	introduce	NIS,	and	the	location	of	BWE	is	important.	Ballast	
exchange	occurring	away	from	the	coast	reduces	the	amount	of	sediment	and	relating	organisms	in	
comparison	 to	 ballast	 exchange	 in	 coastal	 waters.	 By	 flushing	 the	 ballast	 tank	 with	 mid-ocean	

Figure 2.  Non-indigenous species found in ballast sediments on the east coast of 
Canada (Casas-Monroy, 2011). 
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water,	most	of	the	coastal	water	and	sediments	are	removed.	And	because	the	mid-ocean	water	is	
closer	to	the	surface	than	the	original	coastal	water,	less	sediments	remain	in	the	ballast	tank	once	
the	 ship	 ahs	 arrived	 at	 the	 destination	 (Ruiz	 and	 Reid,	 2007).	 Both	 studies	 arrive	 at	 a	 mutual	
conclusion	 that	 coastal	 ships	 exchanging	 ballast	 water	 have	 the	 highest	 chance	 of	 introducing	
harmful,	NIS	into	Eastern	Canadian	waters.		

	

Distance	 of	 travel	 is	 another	 factor	 contributing	 to	 the	 increase	 of	 NIS	 dinoflagellates	 in	 coastal	
ships.	Although	Roy	et	al.	(2012)	found	no	clear	relation	between	shorter	transit	times	and	lower	
cell	 concentrations,	 it	 likely	 contributed	 to	 species	 survival.	 Shorter	 trips	 favour	 the	 survival	 of	
dinoflagellate	 cysts,	 and	 result	 in	 higher	 concentration	 of	 potentially	 viable	 cysts	 found	 in	
continental	ships	(Casas-Monroy	et	al.,	2011).	This	is	true	for	any	tank	species,	as	the	age	of	ballast	
water	 increases,	 the	survival	rate	of	species	decreases.	 In	a	study	conducted	by	Bunkholder	et	al.	
(2007),	after	33	days	no	culturable	phytoplankton	were	found.	As	size	and	speed	of	ships	continues	
to	increase,	along	with	it	the	potential	for	NIS	to	remain	viable	once	in	Eastern	Canada.		

	

An	 external	 ballast	water	management	body	would	be	 able	 to	 control	 dinoflagellate	 introduction	
due	 to	ballast	water.	Management	would	be	 able	 to	 track	 and	ensure	 that	 all	BWE	 is	 being	done	
away	 from	 the	 coast	 using	 mid-ocean	 surface	 waters.	 This	 could	 greatly	 decrease	 dinoflagellate	
introduction	from	coastal	ballast	water	exchanging	ships.	Additionally,	a	management	body	has	the	
ability	 to	 track	 the	 duration	 of	 the	 trip	 and	 control	 if	 the	 probability	 of	 introducing	 live	
dinoflagellates	is	too	high.	

4. Temperature	on	viability	

The	 cold	water	 in	 Eastern	 Canadian	waters	 are	 beneficial	 for	 limiting	 the	 survival	 of	 some	 non-
indigenous	 dinoflagellates.	 Transoceanic	 ships	 from	 tropical	 waters	 transport	 dinoflagellates	
unable	to	endure	cold	waters.	The	greatest	threat	of	NIS	dinoflagellates	to	Eastern	Canadian	waters	
are	 those	 also	 from	 cold	 water	 such	 as	 from	 the	 North	 American	 Atlantic	 coast	 (Claudi	 and	
Ravishanker,	2006).	These	taxa	are	most	commonly	within	a	transportation	distance	that	does	not	
require	BWE,	which	increases	their	chance	of	remaining	viable.	

	

Unfortunately,	 due	 to	 global	 warming	 and	 climate	 change,	 ocean	 temperatures	 are	 rising	 and	
oceans	are	becoming	more	susceptible	to	invasions	of	NIS.	The	study	by	Roy	et	al.	(2012)	found	not	
previously	 reported,	 harmful	 dinoflagellates	 that	 originate	 from	 tropical	 waters,	 confirming	 that	
increasing	water	temperatures	are	increasing	the	potential	for	tropical	species	to	invade.	As	water	
temperatures	 increase,	 the	 need	 for	 an	 external	 ballast	 water	management	 body	 becomes	more	
important,	because	the	potential	for	dinoflagellate	invasions	increases	(Roy	et	al.,	2012).	

	

5. Effects	of	toxic	non-indigenous	species	on	aquaculture	and	ecosystems	

Harmful	 algal	 blooms	 (HAB),	 commonly	 referred	 to	 as	 “red	 tides”	 occur	 when	 a	 single	
phytoplankton	 species	 rapidly	 accumulates	 and	 negatively	 impact	 the	 environment.	 Toxic	
dinoflagellates	harm	zooplankton	and	their	predators,	and	if	plankton	species	are	not	able	to	avoid	
the	 toxin	 they	 are	 susceptible	 to	 starvation	 and	 the	 loss	 of	 oxygen.	 The	 most	 harmful	 and	
widespread	 red	 tides	 caused	 by	 toxic	 dinoflagellates	 can	 result	 in	 human	 illness	 (Mudie	 et	 al.,	
2002).	Paralytic	shellfish	poisoning	(PSP)	results	from	shellfish	products	contaminated	with	toxins	
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from	 11	 different	 species	 of	 dinoflagellates,	 and	 has	 been	 observed	 in	 alarming	 increasing	
frequency	(Hallegraeff,	1998).	 	Concentrations	of	diarrheic	shellfish	poison	(DSP)	 toxic	producing	
algae	reached	hundreds	to	thousands	in	60%	of	potentially	harmful	species	(Roy	et	al.,	2012).	The	
aquaculture	 industry	 faces	 enormous	 losses	 from	 toxic	 dinoflagellate	 caused	 illnesses.	 PSP	 alone	
resulted	in	over	$4	million	of	 losses	per	outbreak	in	the	1970’s-1990’s	and	has	likely	risen	to	this	
date	(Taylor,	1993).	

	

Coastal	shipping	contributes	to	secondary	coastal	spreading	of	NIS	organisms	(Cordell	et	al.,	2009).	
Once	a	single	tropical	dinoflagellate	taxon	has	managed	to	survive	in	a	colder,	temperate	ecosystem	
it	 enables	 the	 continuation	 of	 invasion.	 In	 the	 Halifax	 port,	 Neocratium	 furca	 and	 Gonyaulax	
scrippase	 showed	 high	 levels	 of	 abundance	 and	 occurrence	 (Roy	 et	 al.,	 2012)	 both	 species	 being	
largely	harmful	during	the	development	of	red	tides.		

	

6. Conclusion	

Harmful	dinoflagellate	species	are	being	introduced	into	Eastern	Canadian	waters	largely	through	
the	use	of	ballast	water.	Though	ballast	water	exchange	(BWE)	was	 introduced	as	 law	 in	2006	to	
force	 transoceanic	 and	 some	 coastal	 ships	 to	 undergo	 a	 BWE	 away	 from	 coastal	 waters,	 its	
efficiency	has	been	largely	disputed	(Roy	et	al.,	2012).	Coastal	ships	have	the	highest	potential	for	
transporting	harmful,	NIS	due	to	both	less	time	travelled	in	the	ballast	tank,	and	originating	in	an	
ecosystem	more	similar	to	that	of	Eastern	Canada.	BWE	performed	in	open	ocean	decreases	ballast	
sediment	 and	potentially	 viable	dinoflagellate	 cysts	 (Casas-Monroy	et	 al.,	 2011).	Previous	 studies	
were	 done	 to	 quantify	 the	 number	 of	 toxic	 dinoflagellates	 introduced	 into	 Eastern	 Canada	 by	
different	 types	 of	 ballast	 water	 exchanging	 ships.	 	 Eastern	 Canadian	 waters	 are	 becoming	more	
favorable	to	the	invasion	of	harmful,	NIS	dinoflagellates	due	to	an	increase	in	the	shipping	industry	
and	 an	 increase	 in	 water	 temperature.	 As	 shipping	 increases	 and	 ships	 becomes	 faster,	 more	
opportunities	 are	 presented	 for	 NIS	 to	 withstand	 the	 length	 of	 travel	 and	 remain	 viable	 until	
destination.		

	

Future	 studies	 should	 explore	 how	 specific	 indigenous	 species	 react	 to	 the	 introduction	 of	 both	
harmful	 and	 non-harmful,	 NIS	 dinoflagellates,	 and	 if	 they	 are	 affected	 by	 ocean	 acidification.	
Increasing	ocean	temperatures	in	Eastern	Canada	due	to	global	warming	will	enable	the	survival	of	
new	 non-indigenous	 dinoflagellate	 taxa	 from	 more	 tropical	 environments.	 It	 is	 important	 to	
determine	how	existing	species	will	 react	 to	 the	 introduction	of	 these	new	species.	 	Harmful,	NIS	
dinoflagellates	pose	a	threat	to	Eastern	Canadian	ecosystems	as	well	as	human	health	that	is	only	
expected	to	increase.	It	would	be	beneficial	to	investigate	new	methods	to	limit	BWE,	such	as	only	
exchanging	 mid-ocean,	 and	 perhaps	 not	 having	 coastal	 ships	 engage	 in	 ballast	 water	 exchange.	
These	 methods	 could	 eliminate	 many	 possibilities	 for	 the	 transfer	 of	 NIS	 and	 reduce	 related	
harmful	algal	blooms	and	illnesses.		

	

This	paper	aims	to	suggest	that	the	implementation	of	an	external	Canadian	management	body	to	
control	 and	 improve	 upon	 current	 BWE	 practices	 would	 better	 the	 current	 situation.	 This	
management	body	could	help	 to	 limit	 coastal	BWE	and	ensure	 that	ballast	water	 tanks	are	being	
flushed	with	mid-ocean	surface	water.	By	implementing	a	management	body	the	amount	of	harmful	
NIS	dinoflagellates	brought	by	coastal	ballast	water	exchange	could	be	greatly	reduced.	
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