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A watershed is an area of land 
where all of the water that is 
under it or drains off of it goes 
into the same place. 

— US Environmental 
Protection Agency

An area of land, a bounded 
hydrologic system, within 
which all living things are 
inextricably linked by their 
common water course and 
where, as humans settled, 
simple logic demanded 
that they become part of a 
community.

— John Wesley Powell
American scientist geographer

Definitions and Acronyms

AAC	 Agricultural	Advisory	Committee	(a	Committee	of	
North Cowichan Council)

ALC Agricultural Land Commission
ALR	 Agriculture	Land	Reserve
AWG	 Agricultural	Working	Group	(the	Bonsall	Creek	

Watershed	Plan	Project	steering	committee)
CDC	 Conservation	Data	Center
CDF Coastal Douglas Fir  
DFO	 Department	of	Fisheries	and	Oceans	Canada
DPA	 Development	Permit	Areas
MFA	 Ministry	of	Agriculture	and	Food	
MFLRNO	 Ministry	of	Forests,	Lands	and	Natural	Resource	

Operations
MOA	 Ministry	of	Agriculture
MOE	 Ministry	of	Environment
MAD	 Mean	Annual	Discharge
MMD	 Mean	Monthly	Discharge
OCP	 Official	Community	Plan
SARA	 Species	at	Risk	Act
TEM	 Terrain	Ecosystem	Mapping
UCB	 Urban	Containment	Boundary
USHP	 Urban	Salmonid	Habitat	Program
WAP	 Water	Allocation	Plan
WSC	 Water	Survey	of	Canada

Aquifer:	An	underground	layer	of	water-bearing	permeable	rock	
or	unconsolidated	materials	(gravel,	sand,	or	silt)	
from	which	groundwater	can	be	extracted	using	a	
water	well.

Aquitard:	A	zone	within	the	earth	that	restricts	the	flow	of	
groundwater	from	one	aquifer	to	another.

Mainstem:	The	primary	downstream	segment	of	a	river.
Reach:	Any	length	of	a	stream	between	two	points.
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Figure 1. Location and surrounding watersheds to the Bonsall Creek Watershed.
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1. An Introduction to the Bonsall Creek Watershed

1.2 Where the Waters Flow

Bonsall	 Creek	 watershed	 is	 approximately	 3,595	 hectares	
(36km2)	–	over	6700	American	 football	fields	 in	area.	 It	drains	
from	the	slopes	of	Mount	Sicker	and	Mount	Prevost	at	over	700m	
elevation	 and	 travels	 12km	 to	 the	 ocean.	 It	 drops	 quickly	 and	
the	majority	of	the	channel	 is	 in	 low	gradient,	farmed	reaches.	
Several	major	roads	cross	it,	as	does	the	E&N	railway	(Figure	2).

The	headwaters	area,	primarily	the	entire	area	of	Mount	Sicker,	is	
used	for	forestry	operations.	The	Municipality	of	North	Cowichan	
owns	most	of	the	land	but	there	are	other	smaller	land	holders	
and	 patches	 of	 crown	 forest	 land.	 The	 municipality	 has	 been	
operating	the	woodlot	on	a	sustainable	basis	since	1946.	

The	 watershed	 contains	 three	 fish-bearing	 tributaries.	
Whitehouse	Creek,	 the	 longest,	 joins	mid-reach	and	drains	 the	
north	side	of	Mt.	Sicker	 from	approximately	7km.	Solly’s	Creek	
enters	from	the	lower	east	side	off	the	side	of	Mt.	Richards	and	
through	Solly’s	Lake.	A	10ha	wetland	along	Somenos	Road	feeds	
a	stream	channel	for	1.5km	to	the	mainstem	Bonsall	above	the	
highway.	 All	 of	 these	 low	 gradient	 stream	 channels	 result	 in	 a	
highly	 productive	 stream	 that	 supports	 high	 numbers	 of	 Coho	
and	Cutthroat	Trout,	among	other	species	of	salmon	and	trout.	

Much	 of	 the	 watershed	 has	 been	 extensively	 developed	 for	
farming.	 The	 prime	 agricultural	 operations	 are	 pasture	 fields	
for	dairy	 and	beef	production.	 There	are	 several	other	 smaller	
mixed	 hobby	 farms	 that	 offer	 farm	 gate	 products.	 A	 large	
vegetable	market	garden	and	a	fish	farm	are	also	found	along	the	
Whitehouse	Creek	area.

There	are	two	Federal	Land	reserves:	the	Halalt	First	Nation	and	
the	Tsussie	First	Nation	(Penelakut),	which	are	both	Coast	Salish	
and	 part	 of	 the	 Hul’qumi’num	 Treaty	 Group.	 The	 Halalt	 lands	
straddle	the	midreach	(R3)	of	Bonsall	Creek	while	the	Penelakut	
Reserve	 on	 Tsussie	 Road	 is	 at	 the	 mouth	 of	 the	 creek.	 Both	
reserves	consist	of	small	residential	areas	and	forested	outlying	
areas.

There	are	no	heavy	industrial	operations	in	the	watershed.	The	
processing	 plant	 for	 agricultural	 animal	 products	 adjacent	 the	
Halalt	Reserve	has	been	closed	for	approximately	20	years.	There	
is	a	gas	 station,	 restaurant	and	 farmers	market	at	 the	highway	
junction	with	Mt.	Sicker	Road.	

There	are	no	urbanized	or	dense	residential	areas.	The	residential	
houses	are	all	strung	along	the	secondary	roads	with	 large	lots	
partly	due	to	being	on	septic	and	ground	water	well	services.

This	 area	 includes	 a	 number	 of	 First	 Nations	 documented	
archaeological	 sites,	 graveyards,	 camping	 sites,	 hunting	
territories,	 fishing	places,	 clam	beds,	medicinal	 and	 food	plant	
harvesting	areas,	spiritual	sites,	and	cultural	sites	(Morales	2007,	
Hul’qumi’num	Elders).

1.1 The Bonsall Creek Watershed Plan Project

The	Bonsall	Creek	watershed	is	a	scenic	area	of	North	Cowichan	
located	 between	 Chemainus	 and	 Somenos,	 and	 an	 important	
ecosystem	 in	 the	 Municipality	 of	 North	 Cowichan.	 	 It	 is	 also	
on	 the	Traditional	 territory	of	 the	Hul’q’umi’num	First	Nations,	
which	include	present	day	Halalt	First	Nation,	Penelakut	Tribes,	
Lyackson	 First	 Nation,	 Stz’uminus	 First	 nation,	 and	 Cowichan	
Tribes.	

The	 Bonsall	 Creek	 Watershed	 Management	 Plan	 provides	 a	
vision	 for	 water	 use	 in	 the	 watershed,	 including	 how	 ground	
and	 surface	 water	 is	 used,	 how	 seasonal	 water	 shortages	 or	
surpluses	are	addressed,	and	how	water-related	decision-making	
is	approached	in	the	area.	The	vision	and	its	supporting	actions	
were	established	by	citizens	of	North	Cowichan,	members	of	First	
Nations	 communities,	 professional	 watershed	 consultants	 and	
North	Cowichan	staff	and	members	of	Council.	The	project	was	
overseen	 by	 the	Municipality	 of	 North	 Cowichan’s	 Agricultural	
Advisory	Committee	of	Council	and	the	Advisory	Working	Group.

This	document	is	the	first	publication	of	the	project,	providing	the	
current	and	historical	contexts	for	the	Bonsall	Creek	watershed	
(Figure	1).
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Figure 2. Topogrphy of the Bonsall Creek Watershed.
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• 	Installation	of	fencing	and	bridges	to	limit	
livestock	access	to	the	channel;

• 	Routine	cleaning	of	sediment	basins;
• 	Ongoing	riparian	planting	and	installation	of	rock	

and	wood	structure	to	the	channel;	and
• 	Removal	of	debris	and	other	blockages	from	the	channel.

The Bonsall Creek Habitat Restoration Project (2003-2004)
In	 2003	 John	 Funk’s	 farm,	 containing	 880m	 of	 Bonsall	 Creek’s	
prime	 Coho	 spawning	 and	 rearing	 habitat	 was	 identified	 for	
restoration	work.	The	farm	is	located	just	below	the	high	gradient	
section	 of	 stream	 above	 Highway	 1	 and	 the	 first	 property	
downstream	of	the	highway	culvert.	It	contains	spawning	gravels	
that	were	continuing	to	migrate	down	to	the	settling	pond	built	
in	1994.	No	works	were	completed	on	this	property	in	the	1994-
1996	Bonsall	creek	project.	The	high	velocity	of	the	stream	was	
also	 eroding	 its	 banks	 along	 the	 farm.	 This	 generated	 more	
material	that	had	the	potential	to	create	sediment	in	the	lower	
gradient	sections	downstream.	Although	this	section	contained	
the	 best	 spawning	 gravels	 it	 lacked	 the	 pool-riffle	 complexity	
required	for	ideal	fish	spawning	habitat.	Marc	Gaboury,	LGL	Ltd.	
with	data	from	a	stream	cross	section	survey	drew	up	the	plan	for	
13	Newberry	weirs	that	were	installed	in	this	section	of	stream	
to	create	that	complexity.	With	the	installation	of	the	weirs,	the	
cleaning	of	the	weirs	and	settling	pond	has	increased	to	5	years	
(pers.	comm.	Wayne	Haddow	2014).	DFO	Habitat	Biologist	Mel	
Sheng	 identified	 6	 sites	 requiring	 bank	 stabilization	 and	made	
work	 recommendations	 for	 each.	Other	works	 included	bridge	
construction,	riparian	livestock	fencing	and	the	digging	of	an	off-
stream	well	 for	 cattle	watering.	 Funding	 for	 this	 project	 came	
from	the	Pacific	Salmon	Foundation,	Fisheries	Renewal,	Central	
Gas,	District	of	North	Cowichan,	 Island	Farmers	Alliance,	Halalt	
First	Nation	and	 the	property	owner,	 John	Funk.	Assisting	with	
the	project	were	volunteers	from	Cowichan	Valley	Naturalists.

5km	from	the	Crofton	Road	Bridge	to	Solly’s	Creek.	This	project	
was	one	of	the	first	coordinated	Provincial	and	local	government	
efforts	to	regularly	maintain	Bonsall	Creek.

The Bonsall Creek Pilot Project (1993-1996)
In	March	1993,	water	issues	on	farmlands	in	Cowichan	Valley	were	
the	 catalyst	 for	 a	Water	Forum	hosted	by	Community	 Futures,	
Cowichan	 Agripro	 and	 the	Ministry	 of	 Agriculture.	 Restoration	
of	 Bonsall	 Creek	 near	Westholme	 Road	was	 chosen	 as	 a	 pilot	
project	aimed	at	developing	cooperative	relationships	between	
government	agencies	and	local	farmers.	A	Watershed	Committee	
was	established	by	a	large	group	of	people	interested	in	a	healthy	
watershed.	 The	 group	 initially	 comprised	 representation	 from	
Halalt	 and	 Penelakut	 First	 Nations,	 MOA,	 farmers,	 property	
owners,	 not-for-profit	 organizations	 and	 the	 Municipality	 of	
North	 Cowichan.	 The	 project	 aimed	 to	 maintain	 and	 improve	
agricultural	 productivity	 in	 the	 Bonsall	 Creek	Watershed	while	
maintaining	and	enhancing	fisheries	and	wildlife	resources.	

In	 1994	 Eric	 Schulz,	 Agricultural	 Engineering	 Technologist	
with	 the	 BC	 Ministry	 of	 Agriculture	 and	 Food,	 developed	 an	
in-stream	 work	 plan	 for	 Bonsall	 Creek.	 Gravel	 deposits	 were	
dredged	 from	a	portion	of	 the	upper	 section	of	 the	 creek	and	
a	 settling	pond	was	dug	 to	 contain	migrating	gravel.	 The	pond	
was	cleaned	out	as	needed,	every	1-3	years.	After	 its	first	year	
of	activity,	1000m3	of	gravel	was	removed.	Further	downstream,	
the	creek	was	deepened	and	the	choking	Reed	Canary	grass	was	
removed.	Blockages	were	removed	 from	the	 lower	area	of	 the	
system	through	the	Halalt	Band	lands	and	a	water	line	that	was	
restricting	flows	was	lowered	by	the	Halalt	Band.

Riparian	zone	replanting	took	place	in	1994-1995,	performed	by	
local	group	volunteers	including	school	groups	and	the	Cowichan	
Valley	Naturalists.	 The	 areas	 that	were	 planted	 that	 contained	
livestock	were	fenced.	Other	fish	enhancement	activities	included	
spawning	gravel	placement	and	in-stream	complexing	(Ayers	et	
al	 1996).	 Funding	 for	 restoration	work	 	 	 came	 from	 the	British	
Columbia	Green	Plan	for	Agriculture,	the	Municipality	Of	North	
Cowichan,	 local	 landowners,	 Tree	 Plan	 Canada	 and	 the	 Shell	
Environmental	Fund.	Timber	West	Forest	Products	Ltd	supplied	
trees	and	logs	for	salmon	enhancement	work.	BC	Forest	Services	
and	Providence	Farm	donated	trees	for	riparian	restoration.

The	watershed	committee	met	frequently	in	the	1990s	as	there	
was	 much	 to	 do.	 Work	 included	 the	 construction	 of	 berms	
alongside	the	channel	margins	in	some	locations	while	at	other	
locations	 riparian	 areas	 were	 replanted	 and	 sections	 of	 the	
channel	were	enhanced	with	boulders	and	large	pieces	of	wood.	
The	restoration	of	reach	segments	was	underway	each	year.	

The	 watershed	 committee	 is	 no	 longer,	 and	 current	 creek	
activities	–	primarily	maintenance	of	problematic	sections	of	the	
channel	–	is	overseen	by	the	Municipality	and	Province.	Various	
maintenance	 occur	 mostly	 in	 an	 ad-hoc	 fashion,	 as	 funding	
becomes	available	and	permission	is	granted,	including:

1.4 Historical Background

Creeks Named After Early Settlers
Bonsall	 Creek	 was	 named	 after	 Henry	 and	 Anna	 Bonsall	 who	
settled	 in	 the	Westholme	 District	 in	 1874.	 Henry	 Bonsall	 was	
one	of	the	56	Petitioners	that	signed	the	Incorporation	Petition	
presented	to	the	Lieutenant-Governor	in	Council	that	led	to	the	
incorporation	of	North	Cowichan	on	the	14th	of	June,	1873	under	
the	name	of	“The	Corporation	of	the	District	of	North	Cowichan.”	
At	that	time	they	were	one	of	only	5	settlers	in	the	Westholme	
District	 and	 their	 farm	 consisted	 of	 30	 acres	 that	 they	 cleared	
from	the	forest	and	diked	from	the	sea.

Leonard	 Fordham	 Solly	 was	 a	 former	 banker	 whose	 210	 acre	
Lakeview	 Poultry	 Farm	 was	 developed	 in	 1907.	 Solly’s	 Creek	
and	Lake	bear	his	namesake.	He	 received	many	awards	 for	his	
agricultural	 and	 community	 achievement	 including	 the	Master	
Farmer	of	Canada	Gold	Medal	 in	1931	and	 the	King	George	VI	
Coronation	Medal	in	1937.	

Following	 in	 the	 footsteps	 of	 those	 early	 pioneers,	 farming	
flourished	in	the	fertile	soils	of	the	watershed.	Today	the	largest	
farming	operations	in	the	watershed	are	4	family-run	dairy	farms,	
2	of	which	span	generations.	The	watershed	also	encompasses	
market	garden,	soft	fruit,	beef	cattle,	and	poultry	farms,	as	well	
as	egg	processing,	and	a	slaughter	and	meat	packing	facility.	

Bonsall	 Creek	 has	 been	 identified	 as	 a	 historically	 important	
site	 for	 fishing,	 and	 hunting	ducks	 and	 beaver,	 and	 as	 an	 area	
of	 numerous	 traditional	 portage	 routes.	 The	 Sicker	 Mountain	
area	 within	 the	 Bonsall	 Creek	 watershed	 was	 used	 by	 the	
Hul’q’umi’num	people	to	hunt	large	mammals	such	as	deer,	elk,	
and	black	bear,	and	Sicker	Mountain	is	described	in	origin	stories	
for	some	Hul’q’umi’num	peoples	(Rozen	1985).

Creek Issues and Maintenance
Flooding	 over	 pastures	 has	 been	 a	 long-standing	 concern	 to	
farmers	 and	 property	 owners	 in	 the	 Bonsall	 Creek	watershed.	
First	Nations	have	also	witnessed	fish	production	declines.	Both	
groups	have	been	working	on	these	issues.	

Early	drainage	issues	like	beaver	dam	removals	and	the	clearing	
of	debris	jams	were	taken	care	of	by	landowners.	Over	the	past	
100	years	development	pressures	and	changes	in	the	watershed	
have	resulted	in	sedimentation	of	the	low	gradient,	agricultural	
areas	of	Bonsall	Creek.	With	over	200	acres	of	farm	land	directly	
impacted,	 farmers	 would	 straighten	 and	 dike	 the	 creek	 to	
decrease	flooding	and	to	maximize	the	arable	land	available.

In	1992,	the	Ministry	of	Agriculture	and	Food	(MAF)	and	partners	
conducted	an	engineering	 survey	of	 the	Bonsall	Creek	channel	
from	Tidal	to	Reach	6	to	determine	the	creek	profile	and	cross	
sections	(Schulz,	1992).	This	survey	was	requested	by	area	farms	
to	address	the	flooding	that	had	been	occurring	on	their	land.	The	
survey	showed	there	was	an	overall	elevation	gain	of	4.0m	over	

1.3 Study Area

The	project	study	area	is	identified	in	Figure	3.	In	addition	to	the	
watershed	 area,	 the	 study	 area	 includes	 the	 region	 northeast	
of	 the	 watershed,	 accounting	 for	 the	 greater	 estuary	 of	 the	
watershed	as	well	as	an	aquifer	that	affects	water	availability	in	
the	northeast	area	of	the	Bonsall	Creek	Watershed.
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Figure 3. Bonsall Creek Watershed boundary and study area.
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Figure 4. Agricultural Land Reserve, farm land, and actual agriculture use in the Bonsall Creek Watershed.
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2.2 Local Governance

Official Community Plan
The	 Bonsall	 Creek	 watershed	 falls	 with	 the	 scope	 of	 North	
Cowichan’s Official Community Plan	(OCP)	which	is	a	legal	policy	
document	that	manages	growth	and	guides	future	development.	
The	OCP	represents	the	community’s	vision	for	the	municipality.	

The	 OCP	 identifies	 the	 challenges	 of	 a	 lack	 of	 water	 access	 to	
support	crop	production	in	certain	areas	of	the	municipality,	and	
inadequate	agricultural	drainage	of	productive	soils	in	other	areas.	
The	OCP	also	emphasizes	the	importance	of	watershed	ecological	
functions,	 and	 the	 need	 to	 protect	 streams	 and	 maintain	 the	
natural	water	balance.	It	emphasizes	the	ecological	importance	of	
seasonally	flooded	agricultural	land	while	also	stating	the	need	for	
future	water	management	and	flood	control	policies	to	consider	
the	potential	flood	impact	on	agricultural	lands.

Development Permit Areas
The	 OCP	 identifies	 five	 Development	 Permits	 Areas	 (DPA)	 in	
which	land	uses	are	subject	to	the	DPA	guidelines	outlined	in	the	
Zoning	Bylaw.	A	Development	Permit	is	required	for	the	following	
activities	unless	specifically	exempted	by	the	bylaw:
• Alteration	of	land,	disturbance	of	soils,	including	grubbing,	

scraping	and	removal	of	top	soils;
• Construction	or	erection	of	buildings	and	structures;
• Creation	of	non-structural	impervious	or	semi-pervious	

surfaces;	and/or,
• Subdivision	of	land.

 
DPA-1	(General)	applies	to	the	entire	municipality	and	 includes	
water	 conservation	 as	 one	 of	 its	 objectives.	 All	 multi-family	
(3	 units	 or	 greater),	 commercial	 and	 industrial	 developments	
are	 required	 to	get	a	development	permit	and	are	 required	 to	
meet	 the	 water	 conservation	 guidelines	 of	 the	 development	
permit	area.	Developments	will	not	be	supported	 if	 they	could	
negatively	impact	the	quality	or	quantity	of	groundwater.	

DPA-2	 (Marine	Waterfront)	 applies	 in	 the	 study	 area,	 affecting	
commercial,	 industrial,	 and	 multi-family	 marine	 properties	
and	 foreshore	within	 100	m	 above	 (inland)	 and	 300	m	 below	
(seaward)	 of	 the	 natural	 boundary	 of	 the	 foreshore.	 This	 DPA	
affects	type,	form	and	character	of	development	in	these	areas	
and	 is	 designed	 to	 protect	 the	marine	 shore	 environment	 and	
ecosystems.

DPA-3	 (Natural	Environment)	also	applies	 to	 the	entire	district,	
protecting	ecosystems	 (OCP	Map	7)	and	water	 conservation	 in	
watercourses,	coastal	areas,	terrestrial	habitat	and	endangered	
species	 protection	 areas,	 wildlife	 trees	 and	 aquifer	 protection	
areas	(OCP	Map	16).

DPA-4	(Hazard	Areas)	restricts	development	on	steep	slopes	and	
floodplains,	which	occur	in	the	watershed	(OCP	Map	8).

DPA-5	 (Farm	 Land	 Protection)	 determines	 development	

2.1 Provincial Land Use Governance

Agricultural Land Commission Act 
The	Agricultural Land Commission Act	regulates	land	use,	density	
and	 subdivision	 in	 the	Agricultural	 Land	Reserve,	 427	hectares	
of	which	fall	within	the	Bonsall	Creek	Watershed.	The	Act	is	the	
primary	tool	for	farmland	protection	in	BC.	OCPs	and	bylaws	may	
not	contradict	the	ALC	Act;	however,	any	ALR	land	use	application	
must	be	first	filed	with	the	local	government.	If	an	application	is	
for	 the	exclusion	of	 land	 from	the	ALR,	 for	non-farm	use	or	 to	
subdivide	 land	within	 the	ALR	where	a	bylaw	permits	 farming,	
the	 local	 government	 can	 reject	 the	 application,	 or	 approve	
the	application	and	 forward	 it	 to	 the	ALC	 for	 consideration,	or	
forward	 the	 application	 to	 the	 ALC	 without	 comment	 (CRD,	
2009).	As	a	 result,	 local	government	 is	not	directly	 responsible	
for	 agriculture,	 but	 influences	 the	 industry	 particularly	 due	 to	
its	role	in	developing	and	administering	local	land	use	plans	and	
bylaws.	North	Cowichan	policies	inform	ALC	applications.	There	
are	284	properties	within	the	Bonsall	Creek	watershed	that	are	
in	the	ALR	(Figure	4).

Farm Practices Protection Act (Right to Farm)
The	 Right to Farm Act	 protects	 farmers	 carrying	 out	 “normal	
farm	practices”	in	the	ALR,	on	lands	zoned	for	agriculture	and	for	
licensed	aquaculture	operations	 from	claims	of	nuisance	 (dust,	
noise,	odour).	The	Farm	Practices	Board,	established	through	the	
Act	is	a	tribunal	that	considers	and	encourages	the	settlement	of	
complaints	 from	persons	 aggrieved	by	disturbances	 associated	
with	farm	operations	(MOA,	2010).

Water Act
The	Water Act	(renamed	the	Water	Sustainability	Act	as	of	May	
2015)	 enables	 provincial	 control	 over	 all	 surface	 and	 ground	
water	 in	BC;	however,	 there	are	currently	very	 few	regulations	
in	 place	 for	 groundwater	 protection.	 A	 license	 for	 agricultural	
related	water	use	is	required	unless	water	is	collected	on	the	land	
or	drawn	from	a	well.	Works	around	streams	may	require	permits	
under	Section	9	of	the	Water	Act,	the	provincial	Fish	Protection	
Act	 and	 the	 federal	 Fisheries	 Act.	 Agricultural	 activities	 are	
exempt	 from	Provincial	Riparian	Area	Regulations	 (CRD,	2009);	
however,	non-agricultural	activities	and	buildings	on	agricultural	
land	are	not.

Environmental Management Act
The	 Environmental Management Act	 regulates	 certain	
agricultural	practices	such	as	open	burning	and	handling	of	waste	
from	pesticide	use	and	waste	compost	production	(CRD,	2009).

Assessment Act
Property	 assessment	 is	 a	 provincial	 responsibility	 carried	 out	
by	the	BC	Assessment	Authority	(Crown	Corporation),	 in	which	
buildings	and	 land	are	classified	and	 their	 value	assessed	each	
year	(CRD,	2009).

restrictions	where	development	lands	abut	agricultural	lands	and	
the	 edge	of	 the	 urban	 containment	 boundaries.	DPA-5	 applies	
in	nearby	Chemainus	and	Crofton	but	their	urban	containment	
boundaries	do	not	extend	into	the	watershed	area.	The	central	
mechanism	 for	 farmland	 protection	 in	 the	 watershed	 is	 the	
Agricultural	Land	Reserve.

Agriculture
Agricultural	activities,	as	defined	in	the	Farm	Practices	Protection	
(Right	to	Farm)	Act,	are	exempt	from	Development	Permit	Areas	
requirements.	 Forest	management	activities	on	 lands	 subject	 to	
the	Forest	Act	or	Private	Managed	Forest	Land	Act	are	also	exempt.	

The	ALR	lands	within	the	Bonsall	Creek	Watershed	are	designated	
as	Development	Permit	Area	5	(Farm	Land	Protection)	under	the	
OCP.	 This	 DPA	 is	 intended	 to	 protect	 a	 vegetated	 visual	 buffer	
between	agricultural	and	non-agricultural	uses	on	lands	outside	
of	 the	 ALR.	 It	 is	 also	 intended	 to	 minimize	 land	 use	 conflicts	
and	protect	the	 long-term	capability	to	produce	 local	 food	and	
agricultural	 products.	 While	 normal	 farm	 practices	 within	 the	
ALR	are	exempt	from	the	DPA,	the	guidelines	apply	to	all	non-ALR	
land	within	30m	of	the	ALR	boundary,	15m	of	which	is	vegetated	
and	15m	of	which	 is	a	setback	for	principal	buildings.	Any	new	
development	related	to	residential	use	requires	a	development	
permit	unless	otherwise	exempt.	

2.3 OCP Land Use Designations and Characteristics

There	are	a	variety	of	 land	use	designation	characteristics	 that	
are	 relevant	 to	 watershed	 management	 and	 the	 allocation	 of	
water	use,	summarized	here	and	show	on	Figure	5.	 

Forestry Lands
Forestry	Lands	are	comprised	of	 three	different	classes:	Crown	
forests	 managed	 by	 the	 provincial	 Ministry	 of	 Forests,	 Lands	
and	 Natural	 Resource	 Operations	 under	 the	 Forest Practices 
Act,	 Municipal	 Forest	 Reserve	 owned	 and	 operated	 by	 the	
Municipality,	and	private	forests	subject	to	the	Private Managed 
Forest Land Act and Regulation.		1,300	ha	of	the	Municipal	Forest	
Reserve	(5,000	ha	in	Municipality)	falls	within	the	Bonsall	Creek	
Watershed	(Figure	6).

Ecological Sensitive Areas
Various	properties	 in	 the	watershed	have	ecologically	 sensitive	
watercourses	 (streams,	 wetlands,	 lakes,	 and	 ponds)	 and	 are	
subject	to	Development	Permit	Area	3	(Natural	Environment).		A	
development	permit	is	required	to	alter	land,	disturb	vegetation,	
move	 soil,	 disturb	 the	 land	 or	 water,	 or	 subdivide	 within	 the	
development	 permit	 area.	 	 An	 environmental	 assessment	
prepared	by	 a	 Registered	Professional	 Biologist	 (or	 equivalent)	
must	be	provided	as	part	of	the	application	process	and	a	permit	
will	 only	 be	 issued	 if	 the	 development	 proposal	 is	 consistent	
with	 the	development	permit	 area	guidelines.	Agricultural	 and	
forestry	activities	are	typically	exempt	from	these	requirements.	
Other	 land	 use	 activities	 that	 are	 exempt	 include	 removal	 of	

invasive	species	and	weeds,	public	utilities	work,	emergency	flood	
protection	work,	 and	 residential	 development	 and	 subdivision	
meeting	certain	criteria,	among	others.

Natural Hazards
Floodplains,	interface	fire	areas,	coastlines,	and	steep	slopes	over	
20%	are	considered	hazardous	for	development	and	are	subject	
to	 DPA	 4	 (Hazard	 Lands).	 Bonsall	 Creek	 watershed	 properties	
within	this	DPA	are	predominately	within	the	floodplain	hazard,	
fire	 hazard,	 and	 extreme	 fire	 hazard	 areas.	 Any	 development	
activities	within	designated	floodplains	must	be	carefully	planned	
in	 accordance	 with	 the	 guidelines.	 Many	 floodplain	 areas	
are	 zoned	 for	 agricultural	 use	 and	 are	 in	 the	Agricultural	 Land	
Reserve.	Some	of	the	fire	hazard	areas	are	within	the	Municipal	
Forest	 Reserve.	 As	 with	 other	 zoning,	 agriculture	 and	 forestry	
practices	are	exempt	 from	the	 requirement	 for	a	development	
permit.	

Industrial and Commercial Areas
The	Westholme	 Highway	 Service	 Commercial	 area	 is	 the	 sole	
commercial	area	represented	in	the	watershed.

TransCanada Highway Corridor Designations
The	highway	corridor	is	designated	as	Rural.	 It	 is	dominated	by	
agriculture	and	forestry	uses	and	restricts	developing	additional	
access	 points	 or	 signage,	 and	 land	 use	 changes	 are	 to	 be	
minimized.	

Urban Containment Boundary (UCB) 
The	 UCB	 areas	 restrict	 new	 urban	 development	 to	 Crofton,	
Chemainus,	 and	 areas	 near	 Duncan	 including	 Gibbins/Prevost,	
James/Alexander,	 Stone	 Hill	 and	 the	 Cliffs	 over	 Maple	 Bay.	
As	 these	 areas	 are	 all	 outside	 the	 Bonsall	 Creek	 watershed	
boundary,	 no	 new	 major	 developments	 are	 likely	 within	 the	
watershed	boundary.	Development	pursuant	to	existing	zoning	is	
permitted	in	the	watershed	and	high	density	developments	may	
be	permitted	under	specific	circumstances.

Road Network
The	 Road	 Network	 classification	 includes	 all	 existing	 and	
proposed	 roads,	 arterials	 and	 collectors.	 There	 is	 a	 future	
connector	proposed	between	Highway	1	and	Chemainus	Road	in	
the	watershed	(OCP	Map	14).	

Scenic Roads
Within	 the	 Bonsall	 Creek	 watershed,	 Mt.	 Sticker	 Road	 is	
identified	 as	 a	 Class	 1	 Road,	 a	 rural	 road	 with	 little	 visible	
suburban	development	and	characterized	by	high	levels	of	scenic	
attractiveness	and	visual	integrity.	

Water Source Protection 
Water	 source	protection	extends	 to	highly	 vulnerable	aquifers,	
typically	 in	 floodplains	 (Figure	 9).	 These	 areas	 are	 subject	 to	
Development	 Permit	 Area	 3	 (Natural	 Environment).	 Use	 or	
disposal	of	substances	or	contaminants	that	may	be	harmful	to	
area	aquifers	is	prohibited.	

2. Land Use in the Watershed
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Figure 5. Land use designations in the Bonsall Creek Watershed.
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Figure 6. Forest coverage in the Bonsall Creek Watershed, including municipal forest reserve and cutblocks.
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Figure 7. Zoning designations for the Bonsall Creek Watershed area.
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2.4 Zoning

There	are	580	properties	and	259	dwellings	in	the	Bonsall	Creek	
watershed	area.	The	zoning	bylaw	sets	the	density,	lot	coverage,	
permitted	uses,	setbacks,	and	other	standard	regulations	for	each	
zone,	as	well	as	Development	Permit	Areas,	for	these	properties	
and	buildings.	

Figure	7	shows	the	zoning	designations	of	 the	North	Cowichan	
zoning	bylaw	within	the	watershed.	Properties	within	the	Bonsall	
Creek	 Watershed	 are	 predominantly	 zoned	 Agriculture	 (A),	
with	the	majority	of	properties	zoned	A1,	A2	and	others	falling	
under	 A3	 and	 A4.	 There	 is	 one	 Highway	 Service	 Commercial	
Recreational	(C4)	property	on	Bonsall	Road.	At	the	eastern	end	
of	Mt	Sticker	Road	is	a	gas	station	and	Russell	Farmer’s	Market	
zoned	Commercial	 Service	 Zone	 (C3).	 There	 is	 a	 cluster	of	 lots	
zoned	 Rural	 Residential	 (R1)	 on	 Bell	McKinnon	 Road,	 adjacent	
the	highway,	as	well	as	a	cluster	at	the	southern	boundary	of	the	
watershed.	

Other	zones	represented	include	five	Public	Use	(PU)	properties	
and	 2	 Private	 Institution	 (PI).	 	 Table	 1	 summarizes	 the	 zone	
designations	and	uses	of	properties	in	the	watershed.

Flood Control Requirements
The	Zoning	Bylaw	also	contains	flood	control	regulations.	Within	
the	watershed,	the	flood	construction	level	is	1.5	metres	above	
the	natural	boundary,	or	not	lower	than	0.6m	above	the	200-year	
flood	 level	 as	 established	 by	 a	 qualified	 professional	 engineer.	
There	may	be	exceptions	where	 the	flood	construction	 level	 is	
determined	by	the	Canada/British	Columbia	Floodplain	Mapping	
Agreement	(1988)	for	the	Chemainus	River.		

2.5 Servicing and Infrastructure

Municipal	services	are	concentrated	in	Chemanius,	Crofton,	and	
the	South	End.	Properties	within	the	Bonsall	Creek	watershed	are	
typically	 rural	 and	 serviced	with	on-site	wells	or	 surface	water	
use	 and	 septic	 systems.	 Septic	 Systems	 require	 health	 permits	
from	 Island	 Health	 Authority.	 A	 30.5m	 setback	 from	 the	 high	
water	mark	of	surface	water	bodies	is	also	required.	

All	surface	water	users	in	the	Bonsall	Creek	watershed	will	have	
or	are	required	to	have	water	licenses	issued	by	the	Province	that	
define	the	water	allocation	that	has	been	approved.	If	the	Bonsall	
Creek	watershed	 is	determined	to	be	a	priority	area	under	the	
new	 Water	 Sustainability	 Act,	 domestic	 and	 agricultural	 wells	
may	also	require	licenses.

New	renewable	energy	projects,	such	as	run	of	the	river	power	
projects,	 could	 be	 considered	 under	 certain	 circumstances,	 as	
long	as	planning	protocols	were	followed,	and	zoning	and	DPAs	
were	respected.

Figure	 8	 depicts	 the	 transportation,	 electrical,	 water	 and	 gas	
infrastructure		in	the	watershed.

Table 1. Permitted Uses and Zoning Regulations

Zone Permitted Uses Number of 
Properties in 
Watershed

Minimum Lot 
Size

Maximum 
Density 
(Residential)

Lot 
Coverage

Watercourse 
Setback

A1
Agricultural

Agricultural	Exhibition	and	Fairground,	Agriculture,	Agricultural	Storage,	Assisted	
Living,	Bed	and	Breakfast,	Craft	Distillery,	Community	Care	Facility,	Feedlot,	Forestry	
Use,	Fur	Farm,	Greenhouse,	Home-based	Business,	Kennel,	Large	Animal	Hospital,	
Manufactured	Home,	Mushroom	Farm,	Piggery,	Poultry	Farm,	Riding	Stable,	Single-
Family	Dwelling,	Slaughterhouse,	Supportive	Housing,	Temporary	Trailer,	Two-
Family	Dwelling.

150
25	split	(A1-4	
+	other)

12	ha
(29.65	acres)

1	(ALR)
2	(Non-ALR	&	
<2ha)
1	trailer

10%	of	lot	
area

15m

A2	
Rural

Accessory	Dwelling	Unit,	Agriculture,	Agricultural	Storage,	Assisted	Living,	Bed	
and	Breakfast,	Community	Care	Facility,	Craft	Distillery,	Forestry	Use,	Greenhouse,	
Home-based	Business,	Kennel,	Manufactured	Home,	Riding	Stable,	Single-Family	
Dwelling,	Supportive	Housing,	Temporary	Trailer,	Two-Family	Dwelling.

244 2	ha
(5	acres)

1	(ALR)
2	(Non-ALR	&	
<2ha)
1	trailer

10%	of	lot	
area

15m

A3	
Rural	Restricted

Agriculture,	Agricultural	Storage,	Assisted	Living,	Bed	and	Breakfast,	Community	
Care	Facility,	Greenhouse,	Home-based	Business,	Modular	Home,	Single-Family	
Dwelling,	Supportive	Housing,	Temporary	Trailer,	Two-Family	Dwelling.

29 8,000	m2	
(1.98	acres)

1	(ALR)
1	trailer

30%	of	lot	
area

15m

A4	
Rural	Resources

Forestry	Use,	Manufactured	Home,	Resource	Use,	Single-Family	Dwelling,	
Temporary	Trailer,	Wilderness	Recreation,	Wildlife	Refuge.

77 12	ha	
(29.65	acres)

1 10%	of	lot	
area

15m

C2	
Commercial	
General

Accessory	Dwelling	Unit,	Appliance	and	Small	Equipment	Repair,	Bed	and	Breakfast,	
Bus	Depot,	Car	Wash,	Club,	Commercial	Cardlock	Facility,	Commercial	School,	
Dry	Cleaner,	Entertainment	Use,	Financial	Institution,	Fitness	Centre/Gymnasium,	
Funeral	Parlour,	Hairdresser,	Home-Based	Business,	Hotel,	Laundromat,	Medical	
Laboratory,	Mini-Warehousing,	Mixed-use	Building,	Night	Club,	Nursery,	Office,	
Parking	Use,	Pub,	Restaurant,	Retail	Lumber	and	Building	Supply	Yard,	Retail	of	
Motor	Vehicle	Parts	and	Accessories,	Retail	Store,	Service	Station,	Single	Family	
Dwelling	(subject	to	the	provision	of	the	R3	zone),	Tool	Rental,	Veterinary	Clinic,	
Wholesale	Store.

1

C3	
Commercial	
Service

All	Uses	Permitted	in	the	C2	zone;	Accessory	Custom	Workshop,	Automotive	Repair	
Shop,	Bed	and	Breakfast,	Home-Based	Business,	Major	Equipment	Repair,	Market	
Garden,	Motor	Vehicle;	Sales	and	Rentals,	Single	Family	Dwelling,	Truck	Depot,	
Warehousing.

7 1,675m2
(18,029	ft2)

N/A 50%	of	lot	
area

15m

C4	
Commercial	

Accessory	Dwelling	Unit,	Accessory	Sales,	Driving	Range,	Golf	Course,	Hotel,	Mini	
Golf,	Dining	Room,	Restaurant,	Tourist	Accommodation,	Zoo	or	Game	Farm.

1 560m2
(6,028	ft2)

1 50%	of	lot	
area

15m

R1	
Residential	Rural

Agriculture,	Assisted	Living,	Bed	and	Breakfast,	Community	Care	Facility,	Home-
based	Business,	Modular	Home,	Single-Family	Dwelling,	Supportive	Housing,	
Temporary	Trailer,	Two-Family	Dwelling.

39 560m2
(6,028	ft2)

1	
(FSR:	0.5:1)

30%	of	lot	
area

15m
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Figure 8. Infrastructure and services in the Bonsall Creek Watershed.
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Figure 9. Aquifer water source protection in the Bonsall Creek Watershed.
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3. Hul’q’umi’num First Nations and the Watershed

3.3 Future Use 

Hul’q’umi’num	First	Nations	in	partnership	with	local	government	
and	 community	 groups	 using	 the	Bonsall	 Creek	watershed	 are	
working	towards	the	restoration	of	fish	habitat	in	order	to	rebuild	
salmon	 stocks	 in	 the	 Bonsall	 Creek	 system.	 Halalt	 First	 Nation	
has	 taken	 the	 lead	 on	 restoration	work	 and	work	 to	 date	 has	
included	invasive	species	removal,	sediment	removal,	creation	of	
spawning	habitat,	and	the	installation	of	culverts	and	rainwater	
runoff	 systems.	 Additional	 habitat	 assessment	 is	 required	 to	
support	these	initiatives.	Fisheries	and	Oceans	Canada	is	working	
with	 Halalt	 and	 other	 Hul’q’umi’num	 communities	 to	 assess	
salmon	 populations	 as	 a	 component	 of	 this	work.	 The	 Tsussie	
community	 has	 identified	a	desire	 to	hold	 a	 community-based	
event	to	remove	garbage	from	the	 lower	area	of	Bonsall	Creek	
in	order	to	support	ecosystem	health	and	allow	the	area	to	be	
safely	accessed	by	the	community.

3.2 Current Use

The	Bonsall	Creek	area	includes	two	distinct	First	Nations	reserves,	
the	Halalt	 First	Nation	 Indian	Reserve	 #2	 and	Penelakut	 Tribes	
–	Tsussie	Reserve	(Figure	7).	Halalt	First	Nation	I.R.2	 is	situated	
in	 the	 heart	 of	 the	 Bonsall	 Creek	 watershed	 and	 Penelakut’s	
Tsussie	 Reserve	 is	 situated	 at	 the	 confluence	 of	 Bonsall	 Creek	
and	Butcher’s	Slough.	Cultural	use,	 spiritual	use,	and	access	 to	
hunting	and	fishing	in	the	Bonsall	Creek	watershed	area	has	been	
impacted	by	land	privatization	and	industrial	and	agricultural	use	
of	 the	watershed,	which	 has	 contributed	 to	 geomorphological	
changes,	 loss	 of	 habitat,	 and	 reduced	 species	 diversity	 (pers.
comm.	 Hul’q’umi’num	 Elders).	 Hul’q’umi’num	 First	 Nations	
continue	to	exercise	their	traditional	rights	in	the	Bonsall	Creek	
watershed	area,	to	the	extent	that	is	possible	post-privatization	
of	the	land	and	after	conservation	concerns	have	been	met.	

3.1 Historic Use 

The	Bonsall	 Creek	Watershed	 is	 situated	within	 the	Traditional	
territory	 of	 the	 Hul’q’umi’num	 First	 Nations,	 which	 include	
present	day	Halalt	First	Nation,	Penelakut	Tribes,	Lyackson	First	
Nation,	Stz’uminus	First	nation,	and	Cowichan	Tribes.	This	area	
includes	a	number	of	documented	First	Nations	archaeological	
sites,	 graveyards,	 camping	 sites,	 hunting	 territories,	 fishing	
places,	 clam	 beds,	medicinal	 and	 food	 plant	 harvesting	 areas,	
spiritual	sites,	and	cultural	sites	(Morales	2007).	

Bonsall	 Creek	 has	 been	 identified	 as	 a	 historically	 important	
site	 for	 fishing,	 and	 hunting	ducks	 and	 beaver,	 and	 as	 an	 area	
of	 numerous	 traditional	 portage	 routes.	 The	 Sicker	 Mountain	
area	 within	 the	 Bonsall	 Creek	 watershed	 was	 used	 by	 the	
Hul’q’umi’num	people	to	hunt	large	mammals	such	as	deer,	elk,	
and	black	bear,	and	Sicker	Mountain	is	described	in	origin	stories	
for	some	Hul’q’umi’num	peoples	(Rozen	1985).	This	summary	of	
historical	use	does	not	purport	to	be	exhaustive	and	evidences	
the	need	for	additional	traditional	use	studies	in	this	area.
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4. Local Watershed Knowledge and Experience

4.3 Community Watershed Mapping

Each	 open	 house	 featured	 a	 community	 watershed	 mapping	
exercise	 in	 which	 participants	 located	 important	 or	 notable	
elements.	Elements	fell	into	eight	categories:
• Water	feature	(stream,	pond,	blockage,	marsh,	etc.)
• Habitat	feature	(beaver	dam,	animal	home,	habitat	area	for	

a	specific	species,	etc.)
• Ecosystem	feature	(forest	type,	plant	species	concentration,	

etc.)
• Physical	feature	(viewpoints,	steep	slopes,	natural	

landmarks,	etc.)
• Economic	feature	(business,	farm,	resource	extraction	

activity,	etc.)
• Spiritual	feature	(sacred	place,	visiting	place,	tourist	spot,	

etc.);	and
• Historical	use.

As	 seen	 in	Figure	10	 through	Figure	13,	 there	 is	a	high	degree	
of	awareness	of	physical,	natural	and	economic	elements	in	the	
watershed.	There	is	less	awareness	of	historical	and	cultural	uses	
in	the	area.	These	maps	help	 identify	community	values	 in	the	
watershed	and	assets	to	protect	or	rejuvenate.

4.2 Aspirations for the Watershed

There	was	general	consensus	for	striving	for	healthy	waterways	
and	habitat	in	the	watershed.	It	was	thought	that	this	could	be	
achieved	through	actions	including:
• Improving	and	maintaining	riparian	areas;
• Improving	and	maintaining	fish	habitat	in	the	streams;
• Rejuvenating	animal	habitat,	especially	for	large	birds;
• Preserving	the	forests	and	requiring	sustainable	logging	

practices;
• Requiring	responsible	creek	stewardship	that	ensures	

ecosystem	health;
• Removing	invasive	species,	such	as	reed	canary	grass;	
• Ensuring	agricultural	practices	do	not	negatively	impact	

waterways;
• Preserving	the	estuary	ecosystem,	which	would	maintain	

the	traditional	shellfish	harvesting	of	local	First	Nations;
• Improving	and	maintaining	a	prosperous	farming	

community;
• Improving	the	quality	of	the	stream	water	and	potable	

water	in	the	area;	
• Improving	the	consistency	of	flows	throughout	the	year;	

and,
• Fostering	a	healthy	watershed	that	can	care	for	itself.

There	 was	 interest	 in	 improving	 the	 economic	 performance	
of	 the	 local	 agricultural	 community	 and	 in	 expanding	
agricultural	 operations	 in	 the	 area,	 as	 long	 as	 the	 operations	
are	environmentally	responsible.	A	sustainable	water	supply	for	
agricultural	use	was	noted	as	a	top	priority,	as	was	maintaining	
the	 viability	 of	 agriculturally	 productive	 lands,	 which	 have	
suffered	 from	 flooding	 in	 recent	 years.	 In	 relation	 to	 flooding	
and	 waterway	 maintenance,	 a	 need	 for	 easy-to-navigate	 and	
consistently-applied	regulation	was	expressed.

There	 was	 acknowledgement	 in	 the	 public	 discussions	 that	
there	are	differences	in	what	property	owners	want	and	need	in	
relation	to	the	functioning	of	waterways	along	their	properties.	
Some	 farmers	 want	 to	 avoid	 flooding	 so	 that	 their	 planting	
season	 is	 not	 delayed	 and	 so	 that	 their	 crops	 and	 soils	 aren’t	
negatively	 affected.	 Other	 property	 owners	 are	 not	 adverse	
to	flooding.	There	 is	a	difference	of	opinion	on	beaver	dams—
some	property	owners	want	 them	removed	to	 relieve	flooding	
issues,	while	others	property	owners	are	not	bothered	by	their	
effects	 and	would	prefer	 they	were	not	disturbed.	 From	 these	
discussions	there	was	a	public	sense	that	a	balance	needs	to	be	
determined	between	actions	 suiting	 individual	property	owner	
needs	and	 those	 that	work	 towards	achieving	and	maintaining	
the	a	healthy	watershed	overall.

Community	 open	 houses	 were	 held	 in	 November	 2014	 and	
January	 2015	 to	 introduce	 the	 community	 to	 the	 watershed	
management	 project	 and	 to	 gather	 their	 local	 watershed	
knowledge	 and	 experiences	 in	 the	 area.	 The	 workshops	 were	
open	 to	 all	 and	were	well	 attended,	with	 representation	 from	
residents,	farmers	and	First	Nations.

4.1 Historical Experience

Open	house	participants	generally	shared	positive	memories	of	
recreation	 in	 the	 area,	 including	 using	 forest	 trails,	 swimming	
in	 Bonsall	 Creek	 and	 fishing	 in	 Bonsall	 Creek	 and	Whitehouse	
Creek.	 The	 rich	 agricultural	 heritage	 of	 the	 area	 was	 evident	
in	 participants’	 recollection	 of	 experiences	 on	 farms	 and	 their	
farming	 interaction	 with	 local	 waterways.	 There	 was	 also	
recollection	 of	 prosperous	 fishing	 and	 shellfish	 conditions	
decades	ago.

Many	 open	 house	 participants	 feel	 that	 parts	 of	 the	 Bonsall	
Creek	Watershed	waterways	and	their	estuary	have	deteriorated	
in	 recent	 years	 compared	 to	 their	 historical	 states.	 Many	 feel	
that	 occurrence	 of	 creek	 sedimentation	 and	 erosion,	 as	 well	
as	 the	 continuous	 presence	 of	 reed	 canary	 grass,	 are	 more	
common	than	in	decades	past,	leading	to	further	deterioration	of	
waterways,	and	plants	and	trees	along	their	banks.	Observation	
of	fungus	on	the	bottom	of	parts	of	the	creek	was	noted	as	an	
indicator	of	poor	 stream	health.	 Stream	debris	was	also	noted	
as	 a	major	 issue	 impacting	waterway	 health.	 Additionally,	 it	 is	
felt	 that	 the	watershed	used	to	have	more	productive	wetland	
areas,	 which	 have	 been	 dredged	 or	 filled	 in.	 These	 factors,	 in	
addition	to	agriculture	and	industrial	practices,	are	felt	to	have	a	
contamination	effect	on	water	quality	and	fish	and	shellfish	in	the	
watershed.	Other	fish	and	shellfish	species	are	no	longer	present.

Some	feel	that	the	upper	reaches	of	Whitehouse	Creek	were	not	
historically	dry	in	the	summer,	as	they	often	are	now.	Others	feel	
that	 riparian	 areas	 have	 degraded	 and	 that	 habitat	 for	 certain	
species,	such	as	eagles	and	hawks,	has	been	reduced,	resulting	in	
lesser	presence	of	these	animals.	Similarly,	it	is	felt	by	many	that	
the	 salmon	bearing	 capacity	 of	 Bonsall	 Creek	 and	Whitehouse	
Creek	 are	 diminished	 compared	 to	 the	 perceived	 historical	
context.

Some	felt	that	irresponsible	agricultural	practices	in	the	area	had	
negatively	 affected	 the	water	 quality	 of	watershed	waterways.	
There	 was	 a	 feeling	 that	 logging	 practices	 of	 the	 past	 were	
destructive	 and	 had	 a	 negative	 impact	 on	 waterways	 and	
habitat.	There	was	also	some	concern	that	the	effluent	from	the	
aquaculture	operation	on	Whitehouse	Creek	was	detrimental	to	
water	quality	in	that	creek.

Some	First	Nations	participants	feel	that	there	is	poor	access	to	
many	traditionally	accessed	cultural	areas	in	the	watershed	due	
to	fencing	associated	with	agricultural	and	other	development.
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Figure 10. Community mapping exercise: water features identified by community.
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Figure 11. Community mapping exercise: ecological and habitat features identified by community.
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Figure 12. Community mapping exercise: historical and spiritual features identified by community.
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Figure 13. Community mapping exercise: physical and economic features identified by community.
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Figure 14. Historical mean precipitation in the watershed: annual, January, July and November.
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5.3 Extremes

BC’s	century-long	pattern	of	increasing	extreme	hot	temperatures,	
and	fewer	extreme	cold	temperatures,	is	projected	to	continue.	
Extreme	weather	 events	 -	 both	wet	 and	dry	 -	 are	 expected	 to	
become	more	frequent.	Already,	studies	show	an	increase	in	heavy	
rainfall	events	in	the	spring,	and	an	increase	in	both	extreme	wet	
and	extreme	dry	conditions	in	summer	(Frame	and	Stone,	2012;	
Kharin	et	al	2007).	The	intensity	and	magnitude	of	precipitation	
events	 are	 projected	 to	 increase.	 In	 the	 US	 Pacific	 Northwest	
models	predict	similar	changes	with	more	frequent	extreme	heat	
events,	 less	 frequent	 extreme	 cold	 events,	 increased	 extreme	
precipitation	 in	 the	winter,	and	 increasing	 rain-on-snow	events	
accompanied	by	more	severe	flooding	(Christensen	et	al	2007).	
Other	 studies	 link	 high	 intensity	 rain	 events	 to	 an	 increasing	
risk	of	landslides	in	southwestern	BC	(Jakob	and	Lambert	2009;	
Miles	2001).	South	coast	of	BC	projections	show	a	decrease	 in	
storm	frequency,	but	an	increase	in	severe	winter	storm	intensity	
(Bruce	2011).	The	trend	of	more	frequent	and	severe	forest	fires	
is	expected	to	continue	 in	western	North	America	 (Walker	and	
Sydneysmith	2008).

5.4 Drought/Extended Dry Conditions

Drought	occurs	when	soils	are	lacking	in	moisture	and	crop	and	
other	water	requirement	needs	are	not	met.	Drought	affects	not	
just	water	quantity,	but	also	quality.	Unstable	climatic	conditions	
where	 rocks	 and	 soils	 alternate	 between	 being	 water	 starved	
and	saturated	exacerbate	the	risk	of	heavy	metal	transport	into	
groundwater	systems	where	the	lower	water	flow	does	not	dilute	
the	pollutants	and	increases	the	concentration	of	contaminants	
(Flannigan,	 M	 in	 Hume,	 M.	 2012).	 So,	 not	 only	 do	 droughts	
diminish	water	availability,	when	water	becomes	available	again	
it	can	be	contaminated.	

Climate and Weather Trends Affecting Drought
Precipitation	is	projected	to	fall	as	rain	rather	than	snow	during	
future	winter	months.	Spring	time	temperatures	will	be	warmer	
and	as	 a	 result	 snow	melt	 and	peak	flows	will	 occur	 earlier	 in	
the	year	(Westland	Resource	Group	Inc.	2007).	Peak	flows	in	the	
spring	will	likely	decline	and	continue	to	occur	earlier,	while	total	
flows	in	summer	and	fall	will	continue	to	decline.

There	 has	 been	 a	 drop	 in	 summer	 rainfall	 days	 by	 18%	 since	
the	 1961-1990	 baseline	 was	 constructed	 (PCIC	 2012).	 With	
less	 summer	 precipitation,	 surface	 runoff	 is	 reduced	 and	 soil	
moistures	for	crops	-	that	are	already	demanding	more	water	due	
to	higher	evapotranspiration	rates,	due	to	higher	temperatures	-	
drops	(BCFCAI	2012).	Both	conditions	could	increase	the	risk	of	
droughts.	

Together	 with	 rising	 temperatures	 and	 increased	 evaporation	
rates,	there	will	be	a	lengthening	dry	season	and	low	flow	period	
between	 May	 and	 October,	 with	 a	 rise	 in	 the	 occurrence	 of	
drought	conditions.

5.1 Temperature

Over	the	past	century,	British	Columbia	temperatures	have	been	
warming	and	in	the	second	half	of	the	century	 its	temperature	
change	exceeded	the	global	average.	But	BC’s	low	temperatures	
are	 rising	 faster	 than	 its	 high	 temperatures,	 which	means	 the	
province	is	getting	less	cold,	rather	than	more	hot	(Rodenhuis	et	
al	2009).

Projections	 show	 the	 Cowichan	 Valley	 warming	 at	 or	 slightly	
below	 the	 BC	 average.	 The	 warming	 will	 produce	 more	 new	
‘growing	degree	days’.	Warming	will	be	greater	 in	 inland	areas	
than	in	coastal	areas,	and	greater	in	winter	than	in	summer.		The	
annual	 number	 of	 frost-free	 days	 is	 also	 projected	 to	 increase	
(Rodenhuis	 et	 al	 2009).	 To	 illustrate	 the	 magnitude	 of	 these	
changes,	 BC’s	 average	 annual	 temperature	 is	 projected	 to	
increase	by	2.8°C	by	the	2080s.	This	means	that	an	average	year	
in	that	decade	will	be	as	hot	as	the	hottest	years	we	experienced	
in	the	past	century	(Rodenhuis	et	al	2009).

5.2 Precipitation

Over	the	last	century,	precipitation	has	increased	an	average	of	
22%	across	the	province.	These	increases	occurred	mainly	during	
the	summer	months	(Rodenhuis	et	al	2009).	On	average,	BC	has	
been	experiencing	more	days	out	of	the	year	with	precipitation,	
and	 fewer	consecutive	dry	days	 (Vincent	and	Mekis	2006).	 For	
the	coming	decades,	projections	show	North	Cowichan’s	annual	
precipitation	 continuing	 to	 increase	 slightly,	 but	 with	 notable	
decreases	in	the	summer	-	decreases	larger	than	the	provincial	
average.

Since	1989,	BC	has	been	in	a	‘cool’	phase	of	the	Pacific	Decadal	
Oscillation	cycle,	a	phase	characterized	by	wetter	conditions	and	
cooler	 winters.	 A	 study	 in	 the	 Greater	 Vancouver	 area	 found	
that	 the	 number	 of	 high-intensity	 rainfall	 events	 has	 risen	 in	
this	period,	 compared	with	 the	 last	 cool	phase	 (1947-1976).	 It	
also	 found	 rainfall	 intensity	 in	 April,	 May	 and	 June	 increasing	
significantly,	 with	 shorter	 events	 (up	 to	 2	 hours)	 particularly	
more	intense	(Murdock	et	al	2007).

Figure	 14	 shows	 the	 historical	 mean	 precipitation	 for	 annual	
(top	 left),	 January	 (top	 right),	 July	 (bottom	 left)	and	November	
(bottom	right)	for	the	watershed	and	surrounding	region.	Table	
2	 and	 Figure	 15	 show	 the	 temperature	 and	 precipitation	 data	
during	the	period	from	1971	to	2000.

Table 2. 1971-2000 Mean Temperature and Precipitation (Saanichton Weather Station)

Temperature (°C) Precipitation (mm)

Annual 10.0 907.7

Winter 4.5 395.4

Spring 9.2 162.0

Summer 16.0 83.4

Autumn 10.3 266.9
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5. Local Climate, Climate Change and Weather Hazards

Figure 15. Temperature and precipitation measurements from 1971-2000 from nearby Shawinigan Lake weather station.

Drought Risks
Drought	 conditions	 could	 result	 in	 reduced	 water	 quality	 and	
quantity	 in	 the	 watershed,	 creating	 challenges	 for	 agriculture,	
fishing	and	other	activities	requiring	water	availability.	Flora	and	
fauna	 in	 the	 region	may	 suffer	 from	 lack	 of	 water.	Water	 use	
restrictions	could	be	required.	New	pests	may	be	introduced	to	
the	region	as	temperatures	rise	and	species	migrate	north.		
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Figure 16. Floodplains and projected sea level rise in the watershed.
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5.6 Sea Level Rise (Coastal Flooding and Storm Surge)

Sea	level	rise	is	the	increase	in	the	average	level	of	ocean	water	
compared	to	land.	Two	main	mechanisms	contribute	to	observed	
sea	 level	 rise:	 thermal	expansion	 (ocean	water	expanding	as	 it	
warms)	and	the	melting	of	major	stores	of	land	ice	like	ice	sheets	
and	glaciers	(predominantly	in	Antarctica	and	Greenland).

Coastal	 flooding	 occurs	 when	 seawater	 inundates	 coastal	
landforms.	This	can	be	influenced	by	storm	surge,	sea	level	rise,	
wind,	 waves	 and	 tidal	 variations.	 Storm	 surge	 is	 a	 temporary	
increase	in	the	height	of	the	sea	due	to	extreme	meteorological	
conditions	at	a	particular	location.	A	projection	for	sea	level	rise	
in	the	year	2100	is	depicted	in	Figure	16.	The	BC	Parks	Shoreline	
Sensitivity	Model	identifies	coastline	in	the	watershed	as	a	zone	
highly	sensitive	to	sea	level	rise	and	erosion.

Climate and Weather Trends Affecting Sea Level Rise
Global	sea	level	has	risen	more	than	20	cm	since	1899	(Mazzotti	
et	al	2008),	though	this	varies	significantly	by	location	due	to	land	
movement	(rising	or	falling)	and	climate	and	weather	variability.	
Estimates	 for	 the	 BC	 coast	 over	 the	 next	 century	 suggest	 a	
minimum	sea	level	rise	of	80	cm	for	the	east	coast	of	Vancouver	
Island	 (Ausenco	 Sandwell	 2011).	 Currently,	 a	 combination	of	 a	
severe	storm	event	at	high	tide	could	overwhelm	coastal	flood	
protection	infrastructure	even	without	additional	sea	level	rise.	

Sea Level Rise Risks
Flooding	 from	 sea	 water	 is	 a	 major	 projected	 climate	 change	
impact.	 Inundation	 along	 the	 coast	 present	 the	 risk	 of	 soil	
salination	 and	 a	 reduction	 of	 fertile	 landbase.	 Water	 sources	
could	become	salinated	and	unfit	for	irrigation	and	consumption	
by	 animals	 (Pike	 et	 al	 2010).	 Shoreline	 erosion	 is	 expected	 to	
increase,	depleting	farmable	land.	Higher	tides	and	storm	surges	
present	a	risk	of	farm	infrastructure	damage.	Loss	of	the	stability	
of	 the	 shoreline	 can	 lead	 to	 increased	 risk	 of	 coastal	 flooding	
and	vulnerability	of	the	coast	to	marine	hazards,	such	as	storm	
surges.	Many	CVRD	aquifers	are	based	along	 the	coastline	and	
could	be	salinated,	endangering	potable	water	systems.	Elevated	
sea	 levels	 also	 incur	 river	 and	 stream	flooding	 as	 the	 gradient	
between	the	land	and	the	ocean	becomes	less,	backing	up	river	
and	stream	flows.

5.5 Inland Flooding

Inland	 floods	 can	 result	 when	moderate	 precipitation	 falls	 for	
several	days,	when	intense	precipitation	falls	over	a	short	period,	
when	 snowpack	 melts	 quickly,	 or	 when	 a	 dam	 or	 levee	 fails.	
Whenever	the	volume	of	water	on	land	overcomes	the	capacity	
of	the	natural	and	built	drainage	systems	to	carry	it	away,	flooding	
can	result	(US	Climate	Resilience	Toolkit).	Rain-driven	flows	tend	
to	be	more	erratic,	unpredictable,	and	potentially	damaging	than	
snowpack-driven	flooding.	

Climate and Weather Trends Affecting Inland Flooding
On	 average,	 BC	 has	 been	 experiencing	 increased	 precipitation	
frequency	 and	 fewer	 consecutive	dry	 days	 (Vincent	 and	Mekis	
2009).	 For	 the	 coming	 decades,	 projections	 show	 Cowichan’s	
annual	precipitation	continuing	to	increase	slightly	(2.2%	greater	
since	 1980)	 but	with	 notable	 decreases	 in	 the	 summer	 (larger	
than	the	provincial	average)	(Rodenhuis	et	al	2009).	It	is	projected	
that	annual	precipitation	in	the	CVRD	will	 increase	3%	by	2020	
and	6%	by	2050.	It	is	also	expected	that	there	will	be	an	increase	
in	short,	intense	rainfall	periods	(Westland	Resource	Group	Inc.	
2007).

As	current	warming	continues,	warmer	and	wetter	winters	will	
increase	 the	 likelihood	 for	winter	 flood	events	 as	winter	 flows	
increase.

Inland Flooding Risks
Increased	 river	 flows	 may	 cause	 strain	 on	 dikes	 and	 flood	
protection	 infrastructure,	 requiring	 increased	 capacity	 and	
retention	ponds.	River	bank	and	soil	erosion	will	occur,	increasing	
sediment	 accumulation	 in	 streams	 and	 river	 beds.	 Landslides,	
soil	erosion	and	leaching	of	nutrients	are	other	impacts	that	are	
also	found	with	inland	flooding.

With	droughts	and	extended	dry	periods	in	the	Cowichan	Valley	
during	 the	 summer,	 there	 is	 less	water	 surplus	 in	 the	 summer	
but	excess	in	the	winter	and	spring.	During	the	shoulder	seasons,	
there	may	be	too	much	moisture	in	the	soil,	affecting	flora	and	
crops.

Peak	 flow	 events	 could	 cause	 large	 scale	 damage,	 especially	
in	 combination	with	 a	 log	 jam	 or	 debris	 in	 the	 river.	 This	 can	
transform	a	manageable	 rainfall	 event	 into	 an	extreme	 rainfall	
event.	

Figure	16	depicts	the	BC	designated	floodplain	in	the	delta	of	the	
watershed.

Table 3. Climate Projections, 2020 and 2050: Cowichan Valley vs. BC average

Source: Pacific Climate Impacts 
Consortium, www.Plan2Adapt.ca 

Projected Change from 1961-1990 Baseline

BC Average (and Range) Cowichan Valley Average (and Range)

Weather Element Time of Year 2020 2050 2020 2050

Temperature Annual +	1.0	°C
(+0.5°C		to	+1.6	°C)

+	1.8	°C
(+1.3°C	to	+2.7°C)

+0.9	°C
(+0.4	°C	to	+1.2	°C)

+1.6	°C
(+0.9	°C	to	+2.3	°C)

Precipitation

Annual +4%
(0%	to	+8%)

+6%
(+2%	to	+13%)

+3%
(-2%	to	+7%)

+6%
(-2%	to	+12%)

Summer 0%
(-4%	to	+5%)

-	1%
(-8%	to	+7%)

-10%
(-21%	to	+2%)

-19%
(-30%	to	+2%)

Winter +4%
(+1%	to	+8%)

+8%
(-2%	to	+15%)

+1%
(-3%	to	+8%)

+5%
(-3%	to	+14%)

Snowfall
Winter -2%

(-12%	to	+4%)
-10%

(-17%	to	+2%)
-24%

(-44%	to	-7%)
-39%

(-58%	to	-24%)

Spring -30%
(-56%	to	+1%)

-58%
(-71%	to	-11%)

-31%
(-60%	to	-8%)

-53%
(-70%	to	-20%)

Heating	Degree	
Days Annual -358

(-588	to	-169)
-648

(-955	to	-454)
-327	

(-445	to	-156)
-567

(-802	to	-346)

Growing	Degree	
Days Annual +163	

(+70	to	+238)
+283

(+177	to	+429)
+267	

(+132	to	+353)
+476	

(+273	to	+697)

Frost-free	days Annual +10
(+5	to	+20)

+20
(+12	to	+29)

+9	
(+4	to	+13)

+15	
(+10	to	+21)
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Figure 17. Steep slope and wildfire hazards in the watershed.
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5.8 Winter Storms

Winter	storms	are	weather	events	 involving	 low	temperatures,	
increased	 wind	 speeds	 and	 precipitation	 in	 the	 form	 of	 rain,	
snow,	freezing	rain,	sleet,	ice	pellets,	or	a	mixture	of	these.

Climate and Weather Trends Affecting Winter Storms
Winter	storms	are	expected	to	become	more	rainy	than	snowy.	
Average	annual	wind	speeds	are	low	to	moderate	in	the	Cowichan	
Valley	(typically	0-6	metres	per	second)	(Canadian	Wind	Energy	
Atlas),	however	damaging	windstorms	do	already	occur	during	
the	winter	months	in	the	region.	Accompanying	climate	warming,	
temperature	 extremes	 and	precipitation	 changes,	wind	 speeds	
and	 winter	 storms	 are	 expected	 to	 increase	 in	 intensity	 (PICS	
2008).	 The	windstorm	of	2006	 that	mainly	affected	BC’s	 south	
coast	is	one	such	example.

Winter Storm Risks
Projections	along	the	south	coast	of	BC	show	a	decrease	in	storm	
frequency	but	an	increase	in	severe	winter	storm	intensity	(Walker	
and	 Sydneysmith	 2008).	 Farmland,	 transportation,	 electricity	
and	infrastructure	are	all	at	risk	from	more	severe	winter	storms.	
Fauna,	crop	and	soil	damage	may	result	from	freezing	rain	and	
ice	 pellets	 A	 decrease	 in	 weather	 prediction	 certainty	 may	
complicate	storm	preparedness	efforts	in	the	region.

5.7 Wildfire

Wildland	 fire	 is	 any	 wildfire	 that	 is	 burning	 in	 forested	 areas,	
grass	or	natural	vegetated	areas.	They	can	be	a	result	of	natural	
or	human	 instigation.	Wildfires	 increase	with	extended	periods	
of	warm	and	dry	weather.	

Between	1970	and	2004	 (the	 latest	period	 for	which	data	was	
available),	 over	 1,300	 Ministry-assisted	 wildfires	 (forest	 fires	
requiring	suppression	support	from	the	Ministry	of	Forests,	Lands	
and	 Natural	 Resource	 Operations)	 occurred	 in	 the	 Cowichan	
Region	(MLFRNO	database).	More	than	90%	of	these	fires	were	
started	by	humans	(campfire	escape,	discarded	matches,	burning	
vehicle,	 open	 burning,	 etc.).	 The	 greatest	 incidence	 of	 fires	
per	year	in	the	last	40	years	occurred	in	the	last	5	years	of	the	
reporting	period	(1999-2004).	

Climate and Weather Trends Affecting Wildfire
Warming,	water	flow	decrease	and	increased	drought	hazard	will	
increase	the	risk	of	wildfire	hazard.	As	the	presence	of	different	
tree	species	change	due	to	changes	in	climate,	fire	risk	may	be	
elevated.	Changing	climate	conditions	are	increasing	the	severity	
and	duration	of	insect	outbreaks	that	can	exacerbate	fire	risk	by	
increasing	the	amount	of	dead	or	dying	woody	debris	in	a	forest	
system	(e.g.:	pine	beetle).

Projections	indicate	British	Columbia	will	have	five	or	six	times	as	
many	fires	in	the	near	future	(Flannigan,	M	in	Hume,	M.	2012).	
Not	only	will	there	be	more	fires,	but	they	will	be	more	intense,	
with	many	being	too	big	and	too	hot	to	suppress	using	traditional	
fire-fighting	methods.	

Wildfire Risks
Wildfires	 pose	 risks	 to	 the	 watershed	 ecosystem	 and	 human	
infrastructure.	Although	 some	fires	 can	be	beneficial	 for	 forest	
rejuvenation,	the	types	of	fires	projected	to	occur	in	the	future	
will	do	more	damage	than	good.	During	wildfires,	the	Cowichan	
Valley	collects	particulate	matter	and	smoke.	This	has	a	range	of	
health	impacts	from	breathing	to	heart	problems	for	humans	and	
livestock	alike.	In	the	winter,	emissions	are	not	dispersed	as	much	
as	they	are	in	the	summertime	as	stagnant,	cool	air	traps	them	
in	the	valley.

Figure	17	shows	the	current	wildfire	and	steep	slope	risks	in	the	
watershed	area.
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Figure 18. Reach segments and IDs for the Bonsall Creek Watershed biological survey.
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Table 4. Bonsall Creek Reach Summary
Mainstem Reach Length (m) Gradient (%)  Width (m) Description

1 1587 0.01 14.7 Lower	tidal	area	along	Tsussie	Rd.
2 1074 0.02 14.3 Smith	Farm	area
3 1294 0.01 10.9 Halalt	reserve	(treed)
4 774 0.01 13.4 Quist	Farm	to	Whitehouse	Creek
5 1832 0.02 8.0 Whitehouse	to	Solly	Ck
6 1504 1 6.0 Solly	Creek	to	Rail	culvert
7 866 4 7.0 Rail	culvert	to	end	salmon
8 2577 5-30 3.0 Headwaters	along	Mt	Sicker

Total: 11508
Whitehouse	R1 2500 0.5 3.5 Salmon	accessible	to	barrier.
Whitehouse	R2 4300 2 2.5 Resident	trout	to	Mt	Sicker
Solly	Creek 1122 0.01 3.0 Flat	slough,	30m	floodplain
Solly	Lake 4.5	ha	shallow	(6m)	lake	

Somenos	Wetland 2010 0 na 10	ha	Wetland	along	Somenos	Rd.

6.2 Bonsall Creek Reach Descriptions

A	summary	 for	each	 reach	segment	 is	provided	 in	Table	4	and	
corresponds	 to	 those	 as	 shown	 in	 Figure	 18.	 A	more	 detailed	
description	 for	 each	 reach,	 including	 habitat	 characteristics,	
is	 provided	 in	 Table	5.	Habitat	 Summary	Cards	 for	 each	 reach,	
where	available,	are	provided	in	Table	6.	In	all	tables,	empty	cells	
indicate	incomplete	or	unavailable	information.		This	information	
is	gathered	from	past	site	surveys	of	different	reaches,	as	well	as	
recent	site	surveys	along	most	of	the	Bonsall	Creek	reaches.

6.3 Discussion

Bonsall	 Creek	 is	 a	 relatively	 healthy	 watershed.	 It	 is	 certainly	
reliant	 on	 a	 long	 term	 clean	water	 supply	 for	 both	 Farms	 and	
Fish.	 The	 long	 term	 efforts	 to	 restore	 and	 protect	 the	 water	
and	maintain	healthy	farms	has	been	successful	but	the	efforts	
require,	maintenance,	monitoring	and	adjustments.

6.1 Rare and Endangered Species

Ecological Setting
The	 watershed	 is	 located	 in	 the	 Coastal	 Douglas	 Fir	 (CDF)	
Biogeoclimatic	Zone,	one	of	the	smallest	zones	in	B.C.,	covering	
approximately	0.3%	of	the	province	(Meidinger	and	Pojar	1991).	
The	CDF	is	 located	at	 low	elevations	(between	0	and	260m)	on	
areas	of	the	mainland	coast,	the	Gulf	Islands	and	the	southeastern	
coast	 of	 Vancouver	 Island.	 Common	 vegetative	 species	 in	 the	
CDF	are	Douglas	Fir	(Pseudotsuga	menziesii),	Western	Red	Cedar	
(Thuja	plicata),	Western	Hemlock	(Tsuga	heterophylla),	Big	Leaf	
Maple	(Acer	macrophyllum),	Red	Alder	(Alnus	rubra),	Pacific	Crab	
Apple	(Malus	fusca),	Pacific	Dogwood	(Cornus	nuttallii),	Gary	Oak	
(Quercus	garryana)	and	Arbutus	(Arbutus	menziesii).	Indian	Plum	
(Oemleria	 Cerasiformis)	 is	 a	 dominant	 understory	 plant	 in	 this	
area	and	not	found	commonly	outside	this	zone.	Intact	examples	
of	 this	 ecotype	 are	 red	 listed.	 In	 the	Bonsall	 Creek	watershed,	
there	may	have	been	historic	areas	of	clearing	by	First	Nations	to	
tend	crops	of	Camas	and	berries	through	burning	off	of	overstory	
trees	(Turner	&	Jones	2000).	

Wildlife 
According	 to	 the	 Conservation	 Data	 Center	 (CDC),	 there	 are	
42	blue	or	 red	 listed	wildlife	 species	with	potential	 to	occur	 in	
riverine	and	terrestrial	environments	within	the	Coastal	Douglas	
Fir	 Biogeoclimatic	 Zone	 and	 the	 South	 Island	 Forest	 District.	
Appendix	1	 lists	CDC	 red	and	blue	 listed	 species	 and	expected	
potential	to	occur	in	the	project	area.	Chatwin	(2013)	identified	
Moss’	Elfin	butterfly	(Callophrys	mossii)	and	Dun	Skipper	butterfly	
(Euphyes	vestries)	as	likely	in	the	project	area	as	well.

Plants 
The	mapped	occurrences	on	the	CDC	website	do	not	show	any	of	
the	61	red	or	blue	listed	plants	within	the	CDF	Zone	of	the	South	
Island	Forest	District	 to	occur	within	 the	vicinity	of	watershed.	
There	were	no	 rare	plants	observed	during	a	 site	 survey	but	a	
rare	plant	survey	was	not	conducted.	A	list	of	red	and	blue	listed	
species	known	to	occur	in	the	above	zones	is	included	in	Appendix	
2.	CDC	red	and	blue	listed	species	and	Species	at	Risk	Act	(SARA)	
listed	plant	species	are	not	expected	to	occur	within	this	site	due	
to	site	development,	invasive	and	weedy	plant	species.

Ecological Communities 
According	 to	 CDC,	 there	 are	 44	 known	 red	 or	 blue	 listed	
communities	to	potentially	occur	within	the	Coastal	Douglas	Fir	
Zone,	South	Island	Forestry	District.	There	were	no	rare	ecological	
communities	observed	during	the	onsite	inspection.	No	element	
occurrences	are	listed	in	the	CDC	explorer	map	of	the	watershed.	
However,	 this	 does	 not	mean	 they	do	not	 exist,	 jus	tthat	 they	
are	unlikely	to	occur.	Appendix	3	provides	a	summary	of	the	rare	
ecological	communities	which	may	occur	in	the	watershed.	

Aquatic Resources 
There	 was	 one	 blue	 listed	 fish	 species	 identified	 by	 the	 CDC;	
Coastal	 Cutthroat	 Trout	 (Oncorhynchus	 clarki	 clarki).	 They	 are	
present	in	Bonsall	Creek.	

6. Biodiversity in the Watershed
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Table 5. Bonsall Creek Reach Descriptions
Reach Description Fish Spawning Habitat Fish Rearing Habitat Riparian Vegetation Land Use/Access Bank Slopes/Stability Summary
Bonsall 
Creek 
Estuary

There	is	a	long	shallow	mudflat	that	projects	out	to	shoal	islands.	The	mudflat	is	contiguous	with	the	Chemainus	River	estuary	and	is	4.0	km	wide	with	log	storage	facilities	located	on	either	end.	The	estuary	is	an	important	economic	and	food	source	for	the	First	
Nations	with	shellfish	harvesting	being	the	number	one	activity.	The	vast	estuary	is	shared	by	Halalt,	Penelakut,	Lyackson	and	Chemainus	First	Nations.	

Bonsall 
Mainstem 
Reach 1

This	reach	begins	at	the	edge	of	
the	Tsussie	reserve	land	on	the	left	
bank	and	farm	pasture	on	the	right	
bank.	It	heads	upstream	past	the	
residences	on	left	bank.		The	reach	
is	affected	by	tides	and	is	wide	deep	
and	meandering.	There	are	two	
disconnected	flood	routes	from	the	
Chemainus	River	that	enter	this	
reach.	The	reach	ends	at	1587m	
upstream.

The	lower	reach	is	recorded	as	
having high Chum Salmon spawn 
(Marshall	et	al	1976).	But	that	
is	unlikely	now,	due	to	the	high	
sediment	loads	and	lack	of	clean	
spawning	habitat.	Few	(pers	Comm	
Chief	Robert	Thomas)	fish	spawn	in	
this	reach	due	to	the	depositions.	

This	characteristic	is	better	than	
the	spawning	condition	thanks	to	
deeper	pools	and	some	vegetation	
cover	to	hide	fry.	Out-migrating	
Chum	fry	will	be	able	to	seek	
adequate	cover	and	Coho	Fry	may	
use	the	perennial	pools	year	round.	

This	reach	consisted	of	a	thin	(avg.	
5m	wide)	mixed	species	of	second	
growth	trees	and	a	dominating	
hedgerow	of	Himalayan	Blackberry.		
No	old	growth	was	observed,	the	
stream	was	historically	cleared	to	
its	banks.	The	other	understory	
vegetation	varied	with	site	
conditions	but	consisted	mainly	of	
Salmon	Berry,	Red	Osier	Dogwood	
and	Indian	Plum.	

Characteristics	of	the	riparian	zone	
within	the	average	of	5	m	depth	
on	either	side	are	disturbed	and	
regenerating	at	a	low	shrub	level.	
The	pasture	and	residential	uses	
have	encroached	on	the	riparian	
significantly.	The	frontage	of	Tsussie	
Road	should	be	planted	and	taller	
trees	allowed	to	establish	for	shade	
and	bank	stability.	Tsussie	Road	runs	
along	a	treeless	left	bank.	There	is	a	
20m	span	bridge	over	the	creek	at	
the	top	end.	

This	reach	has	low	(5/15%)	riparian	
bank	slopes	but	there	were	signs	
of	erosion	especially	on	the	right	
bank	(pasture	side).	There	were	no	
landslide	areas.	The	right	bank	at	
the	rivers	edge	is	steep	with	historic	
losses	of	trees	due	to	undercutting.	

This	reach	is	deficient	in	riparian	
plant	community	to	provide	shade,	
bank	stability	and	food	supplies.	
A	more	complete	assessment	of	
the	reach	could	identify	the	plant	
condition/soil	characteristics	to	
determine	a	successional	planting	
plan.	It	is	very	likely	the	work	will	
take	several	years	to	maintain	to	
keep	the	blackberry	cut	back	until	
emergence	of	the	planted	trees.

Bonsall 
Mainstem 
Reach 2 

This	reach	begins	on	the	upstream	
side	of	the	Crofton	Road	bridge.		
It	runs	approximately	1074m	up	
through	a	farm.	The	stream	channel	
is	fairly	confined	with	bank	heights	
of	3.0m	on	the	pasture	side.		This	
area	is	well	treed,	more	ecologically	
diverse	and	well	used	by	salmon.

This	lower	reach	has	high	gravel	
amounts.	There	were	Coho	and	
Chum	observed	spawning	in	
November	on	every	pool	tailout	
and	gravel	bar.	There	was	sign	of	
Bears,	Mink,	Bald	Eagles,	and	Blue	
Herons	eating	the	salmon	all	along	
this	reach.

This	reach	is	featured	with	deeper	
(0.5-1.5m),	tannic	(dark)	pools	
with	wood	cover	along	the	banks	
and	occasionally	embedded	in	the	
channel.		This	reach	provides	some	
of	the	best	rearing	habitat	in	Bonsall	
Creek.	The	production	of	Coho	and	
Cutthroat	has	always	been	high	in	
this	area.

This	reach	consisted	of	a	left	bank	
(North	side)	that	was	thin	but	
well	established	riparian	area	of	
Broadleaf	Maple,	Red	Cedar,	and	
high	hedge	rows	of	Pacific	Ninebark,	
Salmon	Berry	and	Blackberry	at	the	
field	edge.	The	right	bank	was	at	
least	40m	deep	along	a	mixed	forest	
with	more	Douglas	Fir,	as	well	as	the	
other	species.	This	plant	community	
provides	a	canopy	closure	of	80%	
on	the	water	which	is	effective	at	
shading	the	creek	and	protecting	
the	bank	with	a	root	network.

This	reach	is	entirely	within	a	farm	
with	the	pastures	used	for	crop	
production	and	little	if	any	livestock	
use.	The	reach	is	almost	entirely	
fenced	on	the	outer	edge	of	the	
riparian	area	along	both	sides	to	
keep	any	livestock	out	of	the	creek.	
There	are	two	old	creosote	rail	
trestles	in	the	creek	but	no	other	
crossings.	

	This	reach	has	a	confined,	high	(1-
3m)	stable	left	bank.		The	right	bank	
is	lower	but	relatively	stable	due	
to	the	thick	riparian	area.	In	2007,	
after	record	storms,	there	were	
several	slope	failures	off	the	Catalyst	
Water	line	drainages	that	resulted	
in	slope	failures	delivering	sediment	
to	the	creek.	The	sediments	were	
dug	out	the	following	summer	and	
the	banks	seeded	and	armoured	by	
Catalyst	(BCWC	2007).

This	reach	is	in	healthy	for	salmon	
and	their	ecological	partners.	The	
good	farm	practices	of	maintaining	
the	riparian	area	has	been	the	key	
factor.	Several	years	ago	(2006)	
restoration	was	done	to	deal	with	
flood	debris	damage	–	it	was	
removed	or	anchored	to	adjacent	
banks.	The	rail	trestles	are	debris	
catchers	that	offer	very	good	fish	
cover	but	are	a	liability	if	they	
collect	a	large	tree	during	a	storm	
which	could	plug	the	channel	and	
overflow	into	the	farm.	

Bonsall 
Mainstem 
Reach 3 

This	reach	begins	at	the	Halalt	
Reserve	at	the	old	livestock	
processing	plant	where	the	waste	
treatment	lagoons	remain.	This	
reach	is	significant	as	it	has	a	
forested	riparian	zone	through	
the	reserve	that	extends	1294m	
upstream.	

The	lower	gradient	results	in	three	
riffles	which	limit	spawning	area.	
The	gravel	is	higher	in	sediment	
here	than	below.	These	riffle	areas	
are	relatively	large	and	spawning	
gravel	was	most	recently	added	
when	the	water	line	was	installed	
in	2013.

There	are	a	series	of	large	perennial	
pools	that	offer	depth	and	edge	
cover	for	rearing.	The	fry	rearing	
habitat	features	are	some	of	the	
best	observed	in	coho	streams	on	
Vancouver	Island,	it	has	long	been	
documented	in	(Marshall	et	al	1976)	
and	Morrison	(1987).	The	Halalt	
First	Nation	have	recently	added	
more	pool	area	by	excavating	old	
Chemainus	River	flood	channels	on	
the	left	bank.

This	reach	has	a	riparian	area	over	
50m	wide.	It	is	a	mixed	species	of	
older	second	growth	trees	mostly	
of	Red	Cedar,	Broadleaf	Maple	and	
Douglas	Fir	with	a	canopy	closure	
of	70%	offers	the	right	amount	of	
sunlight	for	plankton	production	in	
the	perennial	waters.	The	riparian	
vegetation	would	be	even	better	
but	in	1947		C.I.L.	explosives	held	a	
demonstration	of	how	to	clear	creek	
channels	with	dynamite	on	this	
reach	and	blew	the	branches	off	the	
adjacent	trees	(pers.	comm	Norm	
Quist).	

The	riparian	area	on	the	left	bank	
has	two	pipe-	line	crossings,	the	
most	recent	in	2013	for	the	Halalt	
band	reservoir.	There	are	small	trails	
within	the	forest.	The	E&N	railway	
track	forms	the	outer	border	of	
the	left	bank	riparian	area.	Nimmo	
Road	is	adjacent	part	of	the	right	
bank.	It	has	culverts	that	drain	off	
the	road	to	the	creek.	Further	along	
the	Catalyst	Pipeline	is	adjacent	the	
lower	end	of	the	reach	and	also	has	
small	ditched	drainages	down	the	
bank	to	the	reach.

This	reach	has	low	left	bank	with	
moderate	to	good	stability.	Recent	
restoration	work	(Halalt	2013)	on	
the	bank	included	some	LWD	and	
rock	placement.		The	right	bank	has	
slopes	up	to	40%	gradient	on	the	
side	of	Mt.	Richard	but	there	have	
been	no	significant	bank	failures.	

This	reach	is	the	highest	value	fish	
rearing	habitat	in	the	creek.	The	
characteristics	that	make	it	so	good	
are	the	deep	riparian	zone	and	
relative	lack	of	disturbance,	as	well	
as	efforts	to	maintain	and	restore	
the	habitat	by	the	Halalt	First	
Nation.	

Bonsall 
Mainstem 
Reach 4 

This	reach	begins	above	the	Halalt	
Reserve	and	up	along	a	farm	
pasture	under	Westholme	Road	
to	the	confluence	of	Whitehouse	
Creek,	a	length	of	774m.	The	
banks	are	low	in	this	reach	and	the	
pasture	on	the	left	bank	floods	in	
winter.	The	gradient	is	now	almost	
flat	for	this	reach	and	the	next.

The	low	gradient	reach	has	only	
a	few	small	gravel	bars	but	does	
see	them	used	by	Chum	and	Coho	
Salmon	(Marshall	et	al	1976).		The	
high	sediment	loads	from	above	
limit	the	useful	area	and	success	of	
incubation.	

The	long	deep	pools	of	this	reach	
offer	rearing	habitat	to	fish	but	the	
lower	riparian	cover	and	influence	
from	upstream	flooding	degrade	the	
water	quality	and	habitat.

This	reach	has	a	narrower	riparian	
area	on	the	left	bank	which	is	
mostly	pasture.	The	steep	side	hill	
(50%)	on	the	right	bank	has	a	dense	
shrub	canopy	to	the	road	with	some	
overhanging	trees.

There	is	a	low	lying	pasture	along	
the	left	bank	and	a	residence	on	
the	higher	bank	above	Westholme	
Road.	Nimmo	Road	is	on	the	right	
bank	and	drains	water	from	a	
culvert	into	the	creek.	There	is	a	
water	line	crossing	at	the	bottom	
of	the	reach	and	the	Westholme	
Bridge	near	the	top.	

This	reach	has	steep	slopes	off	
Nimmo	Road	that	have	failed	in	
the	past.		This	reach	was	excavated	
of	sediment	in	the	past.	Currently	
there	are	beaver	dams	that	cause	
flooding	into	the	pastures	in	this	
reach.	The	dam	is	located	upstream	
of	Westholme	Bridge	and	floods	
upstream	past	the	Whitehouse	
Creek	confluence.	

The	low	lying	reach	is	susceptible	
to	flooding	on	the	left	bank	and	
erosion	from	right	bank.	This	reach	
has	had	sediment	removal	in	the	
past	to	remediate	the	flooding	and	
poor	water	quality.	
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Reach Description Fish Spawning Habitat Fish Rearing Habitat Riparian Vegetation Land Use/Access Bank Slopes/Stability Summary
Bonsall 
Mainstem 
Reach 5

This	reach	is	from	the	Whitehouse	
Creek	confluence	upstream	to	Solly	
Creek,	a	distance	of	approximately	
1832m.	The	reach	is	very	flat	with	
only	a	few	riffles	in	the	top	end.	
The	flows	through	farm	pastures	on	
low	lying	banks	on	both	sides.	This	
reach	has	always	flooded	adjacent	
pastures	every	winter.	There	is	a	
pumping	system	on	the	Quist	Farm	
to	drain	the	flooded	fields	once	the	
main	creek	drops.	In	November	
with	the	new	beaver	dam	in	Reach	
4	the	water	levels	in	Reach	5	were	
elevated	1-2’	above	normal.	

This	reach	has	limited	fish	spawning	
habitat,	all	located	near	Solly	Creek.	
The	main	length	of	channel	is	a	peat	
bog	on	the	Quist	farm	and	has	no	
gravel.	

This	reach	has	been	choked	with	
organic	matter	from	flooding	into	
the	adjacent	pastures.	In	summer	
the	stream	bed	blooms	in	Canary	
Reed	Grass	that	infills	the	wetted	
area.	This	vegetative	mat	blocks	fish	
passage	in	summer.	The	Oxygen	
levels	every	summer	are	anoxic	
and	there	can	be	no	fish	survival	
in	these	areas.	In	2013	the	lower	
700m	of	this	reach	was	excavated	
to	remove	the	organic	material	to	
improve	fish	habitat	and	drainage.	
The	upper	portions	of	this	reach	
are	shallow	and	unconfined	in	
meanders	that	have	little	to	no	flow	
in	the	summer	with	dry	riffles	and	
small	pools.

Reach	5	has	a	small	grove	of	trees	
at	the	confluence	with	Whitehouse	
Creek	which	keeps	the	grass	from	
growing	instream	there.	Upstream	
for	the	next	1000m	is	a	long	straight	
excavated	channel	with	limited	
riparian	shade	(35%).	The	adjacent	
banks	have	small	patches	of	Willow,	
Red	Osier	and	Indian	Plum.	The	
Canary	Reed	Grass	occupies	much	
of	both	banks	and	the	stream	
channel.	Efforts	to	eliminate	the	
grass	and	replant	native	trees	and	
shrubs	have	been	unsuccessful	
(Cowichan	Agripro	1996).		

The	reach	is	entirely	farmed	on	both	
sides	with	crop	production.	There	
are	access	bridges	on	each	farm	to	
cross	to	the	other	bank	as	well	as	a	
private	crossing	off	Emerald	Place	
to	a	residence.		There	is	no	public	
access	on	this	reach.	

An	almost	dead	flat	reach	with	
only	1.0m	rise	in	1800m	of	run.	
The	channel	meanders	and	has	low	
banks	that	allow	winter	flooding.	In	
a	significant	winter	storm		the	creek	
jumps	its	banks	and	flood	most	of	
the	reach.		Efforts	have	been	made	
to	remove	sediment	and	plant	trees	
to	confine	the	water	flow	to	the	
channel	over	the	years.			

This	reach	is	deficient	in	riparian	
plant	community	to	provide	shade	
to	eliminate	the	instream	choking	
plants.	Work	was	done	in	1994	and	
2013	in	this	reach.	The	excavation	
works	but	over	time	sedimentation	
infills	again.	Past	efforts	have	failed	
in	streamside	planting	which	is	
the	key	element	to	eliminating	the	
problems.	

Bonsall 
Mainstem 
Reach 6 

This	reach	is	from	the	Solly	Creek	
confluence	upstream	through	the	
settling	pond	on	the	Mellor	farm	
pasture,	through	Funks	pasture,	
under	the	highway	culvert	past	
some	private	residences	to	end	
at	the	split	at	the	rail	culvert	
where	Somenos	wetland	tributary	
enters	and	Reach	7	comes	off	Mt.	
Sicker.	A	significant	feature	in	this	
higher	gradient	(3%)	reach	is	the	
settling	pond	first	installed	in	1994	
(Cowichan	Agripro	1994).

Reach	6	is	utilized	for	spawning	by	
Coho	and	Trout.	It	has	spawning	
gravel,	but	unfortunately	is	mixed	
with	considerable	sediment	(35%)	
reducing	egg	survival.	The	reach	had	
six	rock	crests	installed	to	stabilize	
the	channel	above	the	settling	pond	
on	Funks	property	in	2003.	These	
machine	placed	blast	rock	crests	
also	improve	spawning	success	by	
holding	the	egg	bearing	gravels	in	
place	during	floods.	

The	winter	rearing	characteristics	
are	poor	except	for	the	settling	
pond	area	where	channel	velocity	
is	reduced.	The	pond	is	20m	long,	
10m	wide	pond	and	up	to	2.0m	
deep.	The	pond	was	first	designed	
in	1994	to	trap	sediments.	It	filled	
in	its	first	winter	and	was	emptied	
in	1995.	The	sump	has	only	been	
emptied	three	times	since	then	and	
is	definitely	reducing	the	bedload.	
It	needs	maintenance	again	as	it	is	
full	of	fine	sediments.	This	sump	has	
proven	to	provide	rearing	habitat	as	
well	as	protect	downstream	areas	
from	sedimentation.	It	also	protects	
adjacent	farmland	from	flooding.

This	reach	is	canopied	by	a	dense	
thicket	of	Red	Alder	along	the	
farm	pasture	areas.	The	upper	
segment	above	the	highway	to	the	
Rail	line	is	more	undisturbed	mix	
of	conifers	and	deciduous	trees.	
The	long	Alder	reach	needs	to	be	
under-planted	with	Conifers	as	they	
have	not	naturally	re-seeded	due	
to	the	disturbances.	The	leaf	litter	
from	the	Alders	will	degrade	water	
quality	in	the	big	pond.

The	majority	of	land	is	used	for	farm	
production	on	both	sides.	Above	
the	Island	Highway	culvert	there	
is	forested	land	on	the	left	bank	
between	the	creek	and	the	E&N	
rail	line.	On	the	right	bank	are	the	
back	yards	of	large	residential	lots.	
There	are	at	least	two	farm	bridge	
crossings	on	this	segment	(Mellors/
Funks)	as	well	as	the	Highway	
culvert.	The	Highway	culvert	has	
a	large	concrete	pool	at	its	outlet	
to	aid	in	fish	access.	The	culvert	is	
a	low	flow	and	high	flow	barrier	
to	fish	but	they	pass	through	at	all	
moderate	flows	for	most	of	the	year.

This	reach	is	more	incised	from	
channel	degradation	(Madrone	
1996)	and	the	creek	channel	has	
less	opportunity	to	leave	the	
0.5-1.5m	banks.		Erosion	along	
this	reach	has	been	significant	in	
some	segments,	especially	above	
the	settling	pond.		The	impacts	
are	cause	by	lack	of	trees,	steep	
sidewalls,	livestock	damage	and	
high	flows.	The	most	recent	work	
was	in	2003	when	Newbury	weirs	
were	installed	to	address	the	
channel	degradation.	A	bridge	
was	installed	across	the	channel	
to	address	cattle	access	into	the	
stream	bed.	Fencing	was	also	done	
to	keep	the	cows	out.	

This	reach	is	still	eroding	and	
transporting	sediment.	An	
assessment	of	the	erosion	status	
in	the	channel	above	the	pond	is	
required.	

Bonsall 
Mainstem 
Reach 7 

This	reach	begins	at	the	confluence	
with	the	Somenos	Wetland	
tributary.	They	meet	just	below	
the	E&N	railway	culvert.	Reach	7	is	
a	steeper	seasonal	flow	segment	
with	a	large	amount	of	porous	
gravel	in	the	stream	bed.			It	runs	
877m	upstream	through	the	North	
Cowichan	woodlot	across	the	
Plantation	Road	and	above	into	
the	gully	between	Mt.	Sicker	and	
Mt.	Prevost.	The	channel	increases	
to	over	25	%	gradient	and	salmon	
access	ends.	

Coho	have	been	observed	spawning	
in	this	reach.	There	is	plenty	of	
gravel	but	it	is	deficient	in	good	
locations	that	are	stable	with	
upwelling	flow.	This	is	due	to	the	
historic	slides	in	the	gully	upstream	
that	have	dropped	the	bedload	into	
this	reach.	Compared	to	a	1998	
(D.	R.	Clough)	assessment,	the	
channel	is	recovering’	It	appears	
to	have	more	confinement	and	the	
substrates	are	not	loose	and	rolling	
downstream	with	every	storm.	It	
lacks	large	woody	debris	(LWD)	and	
pools	in	order	to	gain	upwelling	
spawning	sites.

The	rearing	habitat	is	limited	in	this	
reach.	The	pools	are	shallow,	the	
reach	dries	in	summer	droughts	
and	there	is	very	little	wood	cover.	
The	emergent	coho	fry	migrate	
out	of	this	reach	into	reach	6.	In	
the	past	the	Halalt	First	Nation	and	
local	residents	have	salvaged	the	
Coho	fry	and	stocked	them	in	lower	
perennial	reaches	(D.R.	Clough	
1998).

This	reach	is	well	treed	with	a	mixed	
second	growth	forest	throughout.	It	
is	in	the	North	Cowichan	woodlot.	
The	riparian	area	is	an	average	of	
50m	wide.

Entirely	in	forestry	operations.	
The	channel	has	seen	no	adjacent	
logging	in	many	years.	A		logging	
road	crossing	off	Rosevear	Road	
was	deactivated	several	years	ago,	
there	is	a	bridge	at	the	Hydro	Line	
easement	just	upstream.	

This	reach	appears	to	have	stable	
banks	with	vegetation	growing	on	
them.		

This	reach	is	recovering	from	
historic	logging	practices	but	is	well	
protected	with	the	newer	logging	
operations.	It	offers	spawning	
habitat	but	dries	in	summer.	It	is	
a	transport	channel	for	remaining	
sediments	in	the	upper	reach.
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Reach Description Fish Spawning Habitat Fish Rearing Habitat Riparian Vegetation Land Use/Access Bank Slopes/Stability Summary
Bonsall 
Mainstem 
Reach 8

This	reach	is	inaccessible	to	salmon.	
It	drains	off	the	Mt.	Sicker	heights	
at	700m	and	travels	approximately	
2577m		down	the	mountain	to	the	
salmon	barrier	at	the	base	of	the	
hill.	The	reach	has	perennial	pools	
in	the	gully	and	resident	trout	were	
found	at	the	first	forestry	road	
crossing	off	Mt.	Prevost	Road	in	
1998.		

This	reach	is	entirely	in	forestry	
lands	dominated	by	Douglas	Fir	with	
some	Red	Cedar	and	Alder	growing	
along	the	channel.	The	depth	is	50m	
or	more.

Forestry	operations	both	current	
and	historic.

There	are	steep	slopes	in	the	gully	
of	over	60%.	There	has	been	no	
recent	fish	habitat	assessments	
but	the	November	site	inspection		
of	the	lower	reach	indicate	no	
recent	sedimentation	and	erosion	
transport.

The	headwaters	of	Bonsall	Creek	
were	historically	logged	through	
the	banks.	The	current	operations	
by	the	North	Cowichan	Forestry	
operations	are	much	better.	The	
reach	appears	to	have	stabilized.

Bonsall 
Somenos 
Wetland 

This	reach	flows	on	low	gradients	
from	a	wetland	adjacent	Somenos	
Road.	The	wetland	is	approximately	
10	ha	In	area	and	heads	down	a	
2010m	long	channel	that	goes	
through	a	barrier	culvert	at	
Somenos	Road	and	then	joins	the	
mainstem	Bonsall	Creek	at	Reach	
7.	As	noted	there	is	Coho	Salmon	
access	currently	to	the	road	culvert	
which	has	an	approximate	1.5m	
drop	over	a	boulder	apron	at	the	
outlet.

There	have	been	Coho	spawning	
directly	below	the	culvert.	The	
lower	reach	is	unsurveyed	but	
appears	to	have	small	areas	of	
gravel.

This	reach	offers	good	rearing	
habitat	potential	if	access	was	
improved.	The	short	accessible	
section	appears	low	gradient	and	
pools	may	not	dry.	The	wetland	
upstream	likely	turns	anoxic	in	
summer	but	has	not	been	surveyed	
to	confirm.	Burns	(2002)	noted	the	
wetland	could	be	developed	to	
store	water	to	augment	low	flow.	

Unsurveyed,	roadside	observation	
indicates	a	good	mix	of	native	
plants.

The	E&	N	Rail	line	skirts	the	side	
of	the	wetland.	Somenos	Road	
has	a	hung	culvert	that	stops	fish	
migration.

On	a	low	relief	this	area	appears	
stable	but	is	unsurveyed.

There	are	good	opportunities	in	
this	reach	to	improve	fish	habitat	
by	restoring	fish	access	to	above	
Somenos	Road	(after	a	survey)	and	
investigating	water	storage	in	the	
wetland.

Solly Creek 
and Solly 
Lake 

Solly	Creek	is	approximately	1122	
m	of	length	upstream	on	virtually	
flat	gradient	to	Solly	Lake.	There	
are	no	Fish	barriers	in	the	creek	
other	than	beaver	dams.	A	Beaver	
baffle	was	installed	at	the	Somenos	
Road	culvert	to	block	beavers	from	
plugging	it	in	2007	by	the	North	
Cowichan	District.	Solly	Lake	is	
approximately	4.5	ha	in	area	and	
3-6m	deep.	The	Lake	does	not	
stratify	in	summer	and	gets	very	
hot,	reducing	oxygen	to	intolerable	
levels.		

There	is	no	spawning	gravel	in	
the	entire	length	of	the	peat	bog	
channel.	There	is	a	small	gravel	
bed	stream	off	Richards	Mountain	
that	has	access	to	the	road	and	was	
observed	to	have	Coho	spawn	in	
1996.	

This	lake	offers	tremendous	
opportunity	for	rearing	with	a	
nutrient	rich	waterbody.	It	would	
be	utilized	by	fish	from	the	onset	
of	fall	rains	until	summer	when	
temperature	and	oxygen	levels	drive	
them		out	of	the	lake	and	stream.	
Burns	(2002)	suggested	an	aeration	
system	to	increase	fish	habitat	
quality.

The	steam	channel	infills	with	
reed	canary	grass	as	it	has	wide	
exposures	to	sun	as	there	are	
pastures	adjacent	the	lower	
reach	segment.	The	channel	was	
excavated	in	the	past	and	trees	
planted	but	with	limited	success.	
The	lake	has	a	5-10m	thick	ring	
of	Willow,	Red	Osier	and	other	
shrubbery	and	pasture	outside.	

The	stream	segment	and	lake	have	
farm	production	along	most	of	the	
length.	There	is	a	small	residential	
area	on	Solly	above	Somenos	
Road.	Somenos	Road	crosses	over	
the	creek	with	a	large	submerged	
culvert	with	a	Beaver	baffle	
attached.	The	baffle	is	routinely	
cleaned	and	prevents	the	road	from	
flooding.

The	slopes	are	stable	and	flat	with	
crops	or	native	vegetation.	Some	
areas	near	the	lake	had	been	
tilled	and	when	winter	floods	
occurred,	they	brought	sediment	
and	nutrients	into	the	waterways.	
A	sediment	sump	was	installed	at	
Somenos	Road	on	the	downstream	
side	in	2007	by	Bill	Mellor	to	protect	
the	lower	segment	from	infilling	
again	after	he	cleaned	it	out.	

This	reach	is	deficient	in	riparian	
plant	community	to	provide	shade,	
bank	stability	and	food	supplies.	A	
more	complete	assessment.

Whitehouse 
Creek Reach 
1&2 

This	reach	begins	at	the	confluence	
with	Reach	4	on	the	Quist	Farm.	On	
the	Quist	Farm	it	is	in	a	confined	
channel	3.5	m	wide	with	1.5m	
banks.	The	channel	goes	through	
crop	pastures	to	the	Island	Highway	
culvert.	The	Reach	continues	
upstream	through	Seasprings	
Farm	around	their	pastures	and	
roads	to	end	near	Mt.	Sicker	Road	
at	a	barrier	at	a	total	length	of	
2500m.	The	salmon	barrier	was	
described	by	resident	David	Groves	
(Seasprings	Farm)	as	being	a	vertical	
drop	of	2-3m	with	no	jump	pool.	
The	second	reach	was	unsurveyed	
but	estimated	at	4300m	length	to	
the	slopes	on	Mt.	Sicker.	This	reach	
likely	has	resident	trout	in	the	low	
gradient	perennial	pools.	

Coho	spawners	are	observed	in	the	
creek	channel	in	the	upper	portion	
above	the	Seasprings	Farm	Road	
culvert.	This	is	a	confined	pool/riffle	
area		with	gravel	deposits..	

The	Seasprings	Fish	farm	pumps	
ground	water	out	into	the	creek	
after	passing	it	through	the	fish	
rearing	tanks.	This	year	round	water	
increases	flow	in	the	lower	segment	
of	Whitehouse	Creek	and	Bonsall	
Creek	significantly.	The	benefits	to	
fish	rearing	in	summer	are	high.	

Whitehouse	Creek	passes	through	
four	of	five	large	farm	pastures.	The	
creek	was	cleared	of	vegetation	
and	then	a	thin	strip	(1-15m)	of	
regenerated	mostly	deciduous	trees	
and	shrubs	have	established.	The	
creek	channel	is	well	shaded	in	
summer	with	cover	of	80%.

As	noted	above	the	stream	is	
in	farm	pastures	except	the	
headwaters	which	are	in	District	
forest	woodlot.	There	are	several	
farm	driveways	over	the	creek.	It	
passes	under	Mt	Sicker	Road	at	the	
top	end.

The	flow	augmentation	by	
Seasprings	Farm	is	a	significant	
contributor	to	survival	of	fish	in	this	
reach.	It	has	been	a	great	benefit	for	
fish.	Unfortunately	it	is	a	concern	to	
the	farm	downstream	which	noted	
it	is	another	source	of	water	they	
have	to	pump	in	the	spring	before	
they	can	get	the	crops	seeded.	
Currently	Whitehouse	Creek	is	
backed	up	by	a	beaver	dam	in	the	
mainstem	of	Bonsall	just	below	the	
Whitehouse	confluence	which	is	a	
flooding	concern	on	the	Quist	farm.	
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Table 6. Reach Habitat Summary Cards

Bonsall 
Reach 1

Channel	Width	(m) 14.7 Wetted	Width	(m) 12 Stream	Gradient	(%) 0.1

Bonsall 
Reach 5

Channel	Width	(m) 9 Wetted	Width	(m) 7 Stream	Gradient	(%) 0.01
Water	Temperature	(C) 4.6 Estimated	Flow	(cms) 0.5 Fish	Access Y Water	Temperature	(C) 4.6 Estimated	Flow	(cms) 0.5 Fish	Access Y
Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) H/L Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) M/M
Substrate	 0%	Boulder,	0%	Cobble,	30%	Gravel,	70%	Fines Substrate	 0%	Boulder,	0%	Cobble,	5%	Gravel,	95%	Fines
Riparian;	Canopy	 35%	Fir,	Cedar,	Maple	 Riparian	Depth	L/R	(m) 5/5 Riparian;	Canopy	 35%	shrubbery	 Riparian	Depth	L/R	(m) 5/5
In-Stream	Cover 5%	Vegetation In-Stream	Cover 10%	Vegetation

Bonsall 
Reach 2

Channel	Width	(m) 14.3 Wetted	Width	(m) 14.3 Stream	Gradient	(%) 0.1

Bonsall 
Reach 6

Channel	Width	(m) 4.4 Wetted	Width	(m) 4 Stream	Gradient	(%) 3
Water	Temperature	(C) 4.6 Estimated	Flow	(cms) 0.5 Fish	Access Y Water	Temperature	(C) 18 Estimated	Flow	(cms) 0.4 Fish	Access Y
Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) M/M Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) M/L
Substrate	 0%	Boulder,	0%	Cobble,	80%	Gravel,	20%	Fines Substrate	 0%	Boulder,	5%	Cobble,	60%	Gravel,	35%	Fines
Riparian;	Canopy	 80%	Fir,	Cedar,	Maple	 Riparian	Depth	L/R	(m) 7/40 Riparian;	Canopy	 35%	Alder,	Cedar,	Maple	 Riparian	Depth	L/R	(m) 5/5
In-Stream	Cover 5%	Undercut	banks,	Deep	pools In-Stream	Cover 5%	Vegetation

Bonsall 
Reach 3

Channel	Width	(m) 10.9 Wetted	Width	(m) 9.2 Stream	Gradient	(%) 0.005

Bonsall 
Reach 7

Channel	Width	(m) 7 Wetted	Width	(m) 5 Stream	Gradient	(%) 4
Water	Temperature	(C) 4.6 Estimated	Flow	(cms) 0.5 Fish	Access Y Water	Temperature	(C) 4.6 Estimated	Flow	(cms) 0.4 Fish	Access Y
Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) M Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) H
Substrate	 0%	Boulder,	0%	Cobble,	60%	Gravel,	40%	Fines Substrate	 10%	Boulder,	45%	Cobble,	40%	Gravel,	5%	Fines
Riparian;	Canopy	 70%	Fir,	Cedar,	Maple	 Riparian	Depth	L/R	(m) 50/50 Riparian;	Canopy	 80%	Fir,	Cedar,	Alder,	Maple	 Riparian	Depth	L/R	(m) 50
In-Stream	Cover 5%	Vegetation,	some	LWD In-Stream	Cover 5%	Boulder

Bonsall 
Reach 4

Channel	Width	(m) 13.4 Wetted	Width	(m) 8.2 Stream	Gradient	(%) 0.01

Whitehouse 
Reach 1&2

Channel	Width	(m) 4 Wetted	Width	(m) 4 Stream	Gradient	(%) 3
Water	Temperature	(C) 4.6 Estimated	Flow	(cms) 0.5 Fish	Access Y Water	Temperature	(C) 12 Estimated	Flow	(cms) .0.2 Fish	Access Y
Survey	Date	 Nov	13/14 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) M/M Survey	Date	 Jun.	9/94 Est	Flow	Stage	(%) 25 Bank	Stability	(L/R) L/M
Substrate	 0%	Boulder,	0%	Cobble,	0%	Gravel,	100%	Fines Substrate	 0%	Boulder,2	0%	Cobble,	0%	Gravel,	80%	Fines
Riparian;	Canopy	 60%	Alder,	Shrubs	 Riparian	Depth	L/R	(m) 10/30 Riparian;	Canopy	 80%	Alder	 Riparian	Depth	L/R	(m) 5/15
In-Stream	Cover 5%	Vegetation,	 In-Stream	Cover 5%	Roots/undercuts



32

Figure 19. Sensitive Ecosystem Inventory observed within the Bonsall Creek Watershed area.
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Figure 20. Biogeoclimatic Ecosystem Classification for the Bonsall Creek Watershed.
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Figure 21. Bonsall and Whitehouse Creek watersheds. 
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encompasses	 the	 period	 1968-1982	 and	 1985-2000	 for	 a	 total	
of	 31	 years,	 and	 this	 data	 record	was	 used	 for	 all	 subsequent	
hydrologic	analyses	involving	daily	discharge.	

Mean Monthly and Mean Annual Discharge
Estimates	of	mean	monthly	discharge	(MMD)	and	mean	annual	
discharge	 (MAD)	 for	 Bonsall	 Crofton,	 Bonsall	Whitehouse,	 and	
Whitehouse	are	provided	in	Table	9	below,	along	with	the	values	
provided	 for	 the	Bonsall	Creek	watershed	 from	the	Chemainus	
River	Water	Allocation	Plan	(WAP)	published	in	1996.

The	MMD	 and	MAD	 values	 presented	 in	 the	 Chemainus	WAP	
for	 Bonsall	 Crofton	 are	 substantially	 different	 from	 the	 values	
estimated	 in	 this	 study,	 with	 the	 Chemainus	 WAP	 October	
to	 April	 MMD	 estimates	 higher	 by	 83-528%,	 and	 the	 May	 to	
September	MMD	estimates	lower	by	42-92%.		The	discharge	data	
that	was	available	for	Bonsall	Creek	was	very	limited	when	these	
estimates	were	made	for	the	Chemainus	WAP,	which	may	in	part	
explain	 these	 large	 differences.	 	 The	 Chemainus	 River	 is	 also	
an	unsuitable	candidate	for	estimating	discharge	 in	the	Bonsall	
Creek	watershed,	due	to	differences	in	watershed	physiography	
and	drainage	area	(the	area	draining	to	WSC	Chemainus	 is	355	
km2).

Such	differences	amongst	estimates	based	on	proxy	watershed	
data,	emphasize	the	need	for	continuous	monitoring	of	discharge	
within	the	Bonsall	Creek	watershed,	so	that	hydrologic	estimates	
can	be	based	on	 actual	 discharge	within	 the	watershed	 rather	
than	relying	on	data	from	proxy	watersheds	nearby,	from	which	
estimates	can	be	highly	uncertain.

Seasonal Flow Distribution
MMD	is	the	highest	in	the	winter	period	(months	of	December	
through	 to	 February),	 moderately	 high	 at	 the	 start	 of	 spring	
(March),	 and	 moderate	 in	 spring	 (April)	 and	 late	 autumn	
(November)	(Table	9).		MMD	is	low	in	the	months	of	May	through	
to	October,	with	more	extreme	lows	in	July	through	to	September,	
which	generally	coincides	with	peak	water	use	for	irrigation.

Peakflow 
WSC	 Bings	 peakflows	 (annual	 maximum	 daily	 discharges)	 for	
the	period	1962-2000	 (a	 total	of	35	years,	 since	data	 for	some	
years	is	not	available)	were	used	directly	in	frequency	analysis	to	
estimate	peakflows	for	a	range	of	return	periods.		These	values	
were	scaled	by	drainage	area	and	an	exponent	of	0.85	following	
on	 Sumioka	 et	 al.	 (1998)	 to	 estimate	 peakflows	 at	 the	 three	
Bonsall	Creek	watersheds,	with	the	results	provided	in	Table	9.

7-Day low flow 
A	 rolling	 7-day	 average	was	 calculated	 for	 the	 entire	 synthetic	
daily	 discharge	 record	 generated	 for	WSC	 Bonsall	 (total	 of	 31	
years	as	described	in	Streamflow Data),	and	is	shown	in	Table	10.

The	 Chemainus	 WAP	 provides	 a	 7DLF	 of	 0.005	 m3/s	 for	 the	
Bonsall	 Creek	watershed	but	 this	 appears	 to	be	based	directly	
on	the	WSC	Bonsall	Whitehouse	gauge	data	from	1968	for	which	

7.1 Hydrology

Basin Characteristics
The	 Bonsall	 Creek	 watershed	 is	 situated	 on	 the	 southeastern	
portion	of	Vancouver	Island,	between	Chemainus	and	Somenos,	
with	 the	 Island	 Highway	 (Highway	 1)	 running	 directly	 through	
the	watershed.	Table	7	summarizes	the	Bonsall	Creek	watershed	
considered	in	this	study	is	defined	by	the	area	draining	to	Crofton	
Road	(hereinafter	Bonsall	Crofton),	with	two	sub-watersheds	also	
considered	within	the	Bonsall	Creek	watershed:	i)	Bonsall	Creek	
above	its	confluence	with	Whitehouse	Creek	(hereinafter	Bonsall	
Whitehouse),	 and	 ii)	 Whitehouse	 Creek	 above	 its	 confluence	
with	 Bonsall	 Creek	 (hereinafter	 Whitehouse).	 	 The	 watershed	
characteristics	 for	 all	 three	 of	 these	 drainages	 are	 provided	 in	
Table	7.	 	The	watershed	characteristics	of	Bings	Creek,	which	is	
southwest	of	Bonsall	Creek,	have	also	been	provided	in	Table	1	as	
discharge	data	from	this	watershed	from	an	active	Water	Survey	
of	Canada	(WSC)	gauge,	Bings	Creek	near	the	Mouth	08HA016	
(hereinafter	WSC	Bings),	has	been	used	as	part	of	the	hydrologic	
analyses	in	this	study.

Streamflow Data
The	daily	discharge	record	for	WSC	Bonsall	is	relatively	short	(11	
Sept	2003	to	4	July	2005),	and	while	it	is	of	insufficient	length	to	be	
used	solely	for	the	hydrologic	analyses	in	this	study,	it	allows	for	a	
comparison	with	discharge	data	from	nearby	gauged	watersheds,	
which	may	have	the	potential	to	generate	a	synthetic	long-term	
discharge	record	for	Bonsall	Creek.		WSC	Bings	is	considered	to	be	
the	most	suitable	candidate	for	this	purpose	due	to	its	proximity	
to	Bonsall	Creek	and	similar	watershed	characteristics.	

The	upper	portions	of	both	watersheds	are	forested	with	some	
logging,	and	with	farmland	in	the	lower	elevation	portions	of	the	
drainage;	 however,	 the	match	 between	 these	 two	watersheds	
is	not	 ideal	due	 to	 significant	urban	development	 in	 the	 lower	
portion	of	the	Bings	Creek	watershed.	

Daily	discharge	hydrographs	for	the	period	of	overlap	between	
WSC	Bings	and	WSC	Bonsall	are	provided	in	Figure	23.		The	timing	
of	runoff	and	streamflow	patterns	are	similar	for	both	watersheds;	
however,	WSC	Bings	and	WSC	Bonsall	contain	similar	discharge	
magnitudes	 for	 the	highest	 flows,	 even	 though	 the	WSC	Bings	
watershed	 is	about	half	 the	size	of	the	WSC	Bonsall	watershed	
(WSC	Bings	is	17.5	km2,	while	WSC	Bonsall	is	34.0	km2,	Table	7).		
It	is	suspected	that	this	may	be	due	to	urban	development	in	the	
lower	portion	of	Bings	Creek	and/or	logging	activity.

The	relation	developed	between	the	WSC	Bings	and	WSC	Bonsall	
measured	 daily	 discharge	 records	 is	 referred	 to	 as	 simple,	
as	 it	 does	 not	 attempt	 to	 account	 for	 possible	 differences	 in	
discharge	relations	between	the	two	watersheds	on	a	monthly	or	
seasonal	basis	(i.e.	all	discharge	records	are	grouped	together).		
Accounting	for	possible	monthly	or	seasonal	discharge	relations	
is	an	approach	that	could	be	attempted	and	has	the	potential	to	
produce	better	results,	but	is	beyond	the	scope	of	this	study.
The	synthetic	daily	discharge	record	generated	for	WSC	Bonsall	

Table 7. Watershed characteristics
Watershed or 
Sub-watershed

Drainage 
area

(km2)

Mean 
elevation

(m)

Min 
elevation

(m)

Max 
elevation

(m)

Lake area
(%)

Bonsall	Crofton 34.4 205 2 721 0.18%
Bonsall	
Whitehouse

20.3 242 6 721 0.29%

Whitehouse 11.2 168 6 708 0.02%
WSC	Bings 17.5 201 29 769 0.11%

Table 8. Estimates of mean monthly discharge and mean annual discharge (MAD)

Month
Mean Monthly Discharge (MMD) (m3/s)

Bonsall Crofton Bonsall 
Whitehouse

Whitehouse Chemainus WAP

January 1.968 1.159 0.639 3.600
February 1.777 1.047 0.577 3.300
March 1.478 0.871 0.480 2.700
April 0.810 0.477 0.263 2.500
May 0.414 0.244 0.135 0.240

June 0.247 0.145 0.080 0.140
July 0.157 0.092 0.051 0.070
August 0.124 0.073 0.040 0.030
September 0.121 0.071 0.039 0.010
October 0.239 0.141 0.078 1.500
November 0.945 0.557 0.307 3.600
December 1.919 1.130 0.623 4.300
MAD 0.850 0.501 0.276 1.800

7. Watershed Hydrology
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Figure 22. Surficial geology. 
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the	drainage	area	is	approximately	13	km2.		Although	not	directly	
comparable,	the	Whitehouse	watershed	in	Table	10	(which	has	
a	 drainage	 area	 of	 approximately	 11.2	 km2)	 implies	 that	 the	
value	reported	in	the	Chemainus	WAP	is	of	a	substantially	higher	
return	period.	 	Of	note	 is	 that	 the	 lowest	7DLF	extracted	 from	
the	synthetic	daily	discharge	record	generated	for	WSC	Bonsall	
(31	years)	was	0.024	m3/s.	 	This	suggests	the	possible	need	to	
account	for	monthly	or	seasonal	differences	between	WSC	Bings	
and	WSC	Bonsall,	 for	potentially	better	estimates	of	 low	flows,	
and	further	emphasizes	the	need	for	continuous	monitoring	of	
discharge	 within	 the	 Bonsall	 Creek	 watershed	 if	 more	 robust	
hydrological	analysis	is	desired.

Flow duration curves
For	mean	annual	and	mean	monthly	flow	duration	curves	for	the	
three	 Bonsall	 Creek	watersheds	 (Bonsall	 Crofton,	Whitehouse,	
and	Bonsall	Whitehouse),	refer	to	the	complete	NHC	Report.

Climate change considerations
Climate	change	is	challenging	many	long	held	assumptions	that	
have	been	used	to	predict	the	likelihood	that	peak	flow	or	low	flow	
events	may	occur	in	the	future.	Regional	effects	are	anticipated	to	
widely	vary	across	the	province	and	Vancouver	Island	and	future	
changes	in	precipitation	patterns	and	seasonal	temperatures	will	
create	 a	 range	 of	 impacts	 (APEGBC,	 2014).	 	 Climate	 change	 is	
anticipated	to	exacerbate	many	of	 the	 issues	that	stakeholders	
are	currently	facing	in	the	Bonsall	Creek	watershed.	

Regional	 studies	 have	been	 conducted	 to	 quantitatively	 assess	
the	 impacts	associated	with	climate	change	in	BC	(PCIC,	2015).	
Analysis	tools	have	been	developed	to	describe	future	changes	
relative	to	the		1960	to	1990	baseline	period,	based	on	over	15	
global	 climate	models.	Though	model	 results	vary	 from	one	 to	
another,	it	 is	estimated	that	by	2050	precipitation	in	the	spring	
could	increase	by	15%	and	could	slightly	decrease	in	the	summer.	
By	2080	spring	precipitation	could	be	more	than	20%	above	and	
summer	precipitation	more	than	10%	below	the	baseline	period.	
It	 is	 important	 to	 recognize	 that	 the	 model	 results	 describe	
average	 precipitation	 and	 extreme	 events	 are	 anticipated	 to	
deviate	significantly	from	this.

7.2 Surface Water Demand

There	are	a	number	of	demands	for	the	surface	water	resources	
of	 Bonsall	 Creek	 such	 as	 domestic	drinking	water,	 fish	habitat,	
crop	 irrigation,	 and	 hatchery	 supplementation.	 Each	 demand	
varies	 in	 the	 amount,	 rate,	 and	 timing	 of	 the	 need.	 Surface	
water	demand	was	investigated	based	on	existing	surface	water	
licenses	and	has	been	compared	with	water	needs	on	a	seasonal	
and	annual	basis.

In-stream Flow Requirements
For	its	size,	Bonsall	Creek	is	considered	to	have	a	relatively	high	
productivity	 and	mix	 of	 spawning,	 rearing,	 and	 over-wintering	
habitat	for	coho,	chum	and	sea-run	cutthroat	(Ker,	Priestman	&	
Associates	Ltd.	1981)	and	 it	 is	crucial	that	water	uses	for	other	
purposes	do	not	negatively	impact	the	fisheries	value.

Licensed water use 
There	are	currently	14	registered	surface	water	 licenses	within	
the	Bonsall	Creek	watershed.	One	of	the	 licenses	 is	 for	storage	
purposes,	another	 is	 for	 land	 improvement	purposes	that	does	
not	involve	any	withdrawal	from	the	system,	and	the	remaining	
12	 licenses	 are	 for	 either	 domestic	 or	 irrigation	 purposes.	 For	
domestic	 withdrawals,	 water	 demand	 is	 generally	 consistent	
throughout	the	year.

Licenses	for	 irrigation	purposes	are	based	on	a	fixed	volume	of	
water	 per	 annum	and	 the	water	 license	doesn’t	 stipulate	how	
much	can	be	withdrawn	per	day.	Assuming	farms	irrigate	during	
the	growing	season	only,	water	withdrawal	 is	expected	to	vary	
significantly	 throughout	 the	 year,	 often	 with	 peak	 demand	
coinciding	with	low	in-stream	flow	conditions.

Storage
Increased	water	storage	will	be	an	important	part	of	the	future	
management	 of	 the	 Bonsall	 Creek	 watershed.	 There	 are	 two	
primary	 considerations	 for	 ensuring	 water	 storage	 does	 not	
endanger	the	health	of	the	watershed:	1)	ensuring	flow	diversion	
structures	 do	 not	 impede	 fish	 passage	 or	 disrupt	 natural	
sedimentation	 processes,	 and	 2)	 ensuring	 flow	 diversion	 does	
not	affect	downstream	water	levels	and	reduce	the	available	area	
of	usable	fish	habitat.

Table 9. Estimated annual maximum daily discharges (peak 
flows) by return period. 

Return 
Period
(years)

Peakflows (m3/s)
Bonsall 
Crofton

Bonsall 
Whitehouse

Whitehouse

50 27.4 17.4 10.5
45 27.1 17.3 10.4
40 26.8 17.1 10.3
35 26.4 16.8 10.1
30 25.9 16.5 10.0

25 25.4 16.2 9.8
20 24.7 15.7 9.5
15 23.7 15.1 9.1
10 22.1 14.1 8.5
5 18.8 12.0 7.2
3 15.8 10.1 6.1
2 12.7 8.1 4.9

1.25 7.6 4.9 2.9

Table 10. Estimated annual 7-day low flow (7DLF) by return 
period. 

Return 
Period
(years)

Bonsall 
Crofton 7DLF

(m3/s)

Bonsall 
Whitehouse 

7DLF
(m3/s)

Whitehouse 
7DLF

(m3/s)

5 0.046 0.027 0.015
3 0.057 0.034 0.019
2 0.070 0.041 0.023
1.5 0.083 0.049 0.027
1.25 0.096 0.056 0.031

Figure 23. Daily discharge hydrographs for WSC Bings and WSC Bonsall for the period of 
overlap (11 September 2003 to 4 July 2005). 
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Figure 24. Dominant drainage class. 
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7.4 Flooding

Chemainus River
Bonsall	Creek	lies	within	the	limits	of	the	Chemainus	River	1:20	
year	return	period	flood,	though	it	is	likely	to	receive	Chemainus	
River	inflows	more	frequently.	Highway	1	lies	above	the	Chemainus	
floodplain	and	acts	as	a	dike	when	flow	levels	rise,	resulting	 in	
the	diversion	of	Chemainus	flood	water	into	Whitehouse	Creek,	
which	is	then	conveyed	into	Bonsall	Creek.	Figure	25	shows	the	
extent	 that	 the	Chemainus	floodplain	 extends	 into	 the	Bonsall	
Creek	basin,	covering	an	area	of	approximately	1.8	km2.	

Lower Bonsall Creek
Bonsall	Creek	has	a	very	 low	gradient	downstream	of	Highway	
1	and	the	water	table	 is	generally	not	 far	below	the	surface.	A	
significant	amount	of	the	land	between	Highway	1	and	Westholme	
Road	has	is	less	than	0.5	m	above	the	water	table.	Given	that	the	
ground	has	such	a	low	gradient	and	the	composition	of	the	soils	
are	such	that	they	are	generally	poorly	drained,	the	area	will	be	
quick	to	flood	and	water	will	be	slow	to	recede.	

7.3 Geomorphic Assessment

Channel morphology
Both	 the	 Chemainus	 River	 and	 Bonsall	 Creek	 floodplains	 are	
controlled	primarily	by	geologic	formations	and	the	alluvial	plain	
has	many	 channel	 scars	 from	 former	 river	 paths	 (NHC,	 1990).	
Both	of	these	channels	presently	flow	in	an	irregular	to	tortuous	
meandering	 channel	 pattern	 and	 historically	 they	 would	 have	
comprised	a	series	of	distributary	channels	that	coalesced	on	the	
floodplain.

Prior	 to	 land	 clearing	 for	 farming,	 the	 floodplain	 would	 have	
had	 a	 mix	 of	 thick	 vegetation	 cover	 and	 marshland.	 The	 low	
gradient	 channel	 is	 a	 natural	 deposition	 zone	 and	 it	 would	
regularly	overtop	 its	banks	 in	 response	 to	flooding,	 and	would	
gradually	infill	with	sediment	and	form	a	new	channel	path.	The	
surrounding	ground	is	generally	poorly	drained	(Figure	24)	and	is	
capable	of	storing	floodwaters	that	would	naturally	recharge	the	
stream	after	the	flow	levels	dropped.	

It	 is	 well	 suited	 to	 a	 variety	 of	 agricultural	 crops	 and	 farming	
goes	back	as	far	as	the	1850s.	As	farming	expanded	in	the	area,	
the	land	was	cleared,	drained	and	ditched	in	an	effort	to	lower	
the	water	table.	Loss	of	wetland	areas	has	resulted	in	losses	of	
stream	buffer	areas	and	 the	 channel	 is	more	prone	 to	erosion	
during	 floods	 and	 severe	 low	flow	 conditions	 during	 extended	
periods	of	low	or	no	rainfall.

The	 lower	part	of	Bonsall	Creek,	extending	downstream	of	 the	
highway		and	portions	of	Whitehouse	Creek	and	other	tributary	
channels	 extending	 both	 upstream	 and	 downstream	 of	 the	
highway	 are	 characterised	 as	 incised,	 irregularly	 meandering	
channels.	These	channels	are	frequently	clogged	with	debris	and	
vegetation,	are	prone	to	undercutting	and	erosion	and	the	banks	
are	 often	 covered	 with	 grass,	 sparsely	 distributed	 ferns	 and	
other	brush.	The	main	channel	splits	into	a	series	of	distributary	
channels	 at	 its	 distal	 end	 downstream	 of	 Crofton	 Road.	 	 The	
land	 is	primarily	 forested	upstream	of	the	railway,	the	gradient	
becomes	steeper	and	Bonsall	Creek	transitions	across	an	alluvial	
fan	and	the	base	of	the	slope	into	a	step-pool	morphology	with	a	
bed	comprised	of	cobble	and	gravel	further	into	the	headwaters.
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Figure 25.  Designated floodplain.
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Figure 26.  Depth to water table (annual).
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Photo 1 Photo 2

Photo 3 Photo 4

Photo 6Photo 5

Photo 7 Photo 8

Figure 27. Channel survey photo locations and numbers.
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Upper Bonsall Creek
Bonsall	 Creek	 joins	with	 an	 un-named	 tributary	 approximately	
170	m	upstream	of	Highway	1,	and	crosses	under	the	railway	line	
about	50	m	upstream	of	 the	highway.	West	of	 the	 railway	 the	
channel	flows	on	an	alluvial	fan	that	is	characterized	by	unstable	
banks,	channel	avulsions	and	high	sediment	loads.

The	channel	meanders	for	several	hundred	metres	and	displays	
signs	 of	 high	 sediment	 and	 debris	 loading,	 severe	 channel	
erosion,	partial	channel	avulsions	(Photo	7	and	Photo	8).	Beyond	
this	point	the	channel	gradient	increases	transitioning	to	a	step-
pool	morphology.

Lower Bonsall Creek
Within	500	m	of	Crofton	Road	the	channel	is	relatively	consistent,	
in	the	order	of	15	m	wide,	and	the	banks	are	relatively	stable	with	
some	undercut	banks	and	a	gravel	bed	(Photo	6).	From	this	point	
up	 to	Westholme	Road	 the	 channel	width	has	 a	 greater	 range	
in	width,	partly	due	to	several	log	jams	that	have	increased	the	
channel	roughness	(Photo	1).

Downstream	of	Westholme	Road	the	channel	is	about	10	m	wide	
and	has	 incised	by	2	m	or	more.	The	banks	are	vegetated	with	
low	bushes	and	alders,	are	comprised	of	fine	grained	sediment	
and	are	easily	erodible.

Upstream	 of	 the	 junction	 of	 Bonsall	 Creek	 and	 Whitehouse	
Creek	 	 the	 channel	 is	 low	 gradient	 and	 the	 field	 to	 the	 north	
of	 the	creek	regularly	floods	during	the	winter	and	spring.	The	
property	owner	has	a	water	licence	that	allows	storage	of	water	
from	Bonsall	Creek	(Photo	2).	Water	is	stored	on	a	low	lying	field	
adjacent	to	the	creek	and	flow	between	the	creek	and	the	field	is	
controlled	by	a	small	gate	structure.

Approximately	 1,700	 m	 upstream	 of	 the	 Whitehouse	 Creek	
confluence	 is	 the	 confluence	 with	 Solly’s	 Creek.	 Solly’s	 Creek	
contributes	 fine	 sediment	 to	 the	 system	 and	 over	 time	 the	
channel	reach	between	Westholme	Road	and	Bonsall	Creek	has	
filled	and	colonized	with	vegetation	(Photo	3).

Approximately	 500	 m	 downstream	 of	 Highway	 1	 the	 channel	
meanders	 through	 the	 fields	 and	 riprap	 has	 been	 installed	 to	
slow	the	erosion	of	the	fine	grained	banks	and	limit	the	extent	
of	channel	head	cutting	(Photo	4).	Rock	weirs	and	wood	debris	
has	been	placed	along	several	hundred	metres	of	the	channel	to	
help	control	erosion,	add	complexity	 (Photo	5),	 limit	migration	
and	erosion	of	the	channel,	and	encourage	the	development	of	
pool	and	riffle	habitat.	 	At	 the	highway	there	are	several	point	
sources	of	sediment.

Upstream	of	Highway	1	 the	gradient	 remains	 relatively	 low	 for	
the	first	150	m	and	the	channel	is	consistently	about	10	m	wide	
with	a	mixed	gravel	and	cobble	bed.	The	channel	 is	flowing	up	
against	 the	edge	of	a	glaciomarine	deposit	and	has	 resulted	 in	
erosion	of	a	vertical	cut	face	that	is	about	0.8	m	tall	(Photo	6).

7.5 Channel Condition Assessment

A	channel	condition	assessment	has	been	prepared	for	Bonsall	
Creek	and	several	of	 its	major	 tributaries	 to	highlight	potential	
sediment	 sources	 in	 the	 watershed	 and	 identify	 areas	 of	
sedimentation	and	instability	in	the	channel.

Bonsall Creek Estuary
Records	 indicate	 that	 the	 estuary	 is	 affected	 by	 sedimentation	
associated	with	 the	water	 treatment	plant	 at	 the	Crofton	Pulp	
and	 Paper	Mill,	 which	 includes	 a	 settling	 pond	 that	 processes	
water	diverted	 from	 the	Cowichan	River.	Part	of	 the	operation	
of	the	settling	pond	 includes	flushing	of	fine	sediment	 into	the	
Bonsall	 Creek	 estuary	 and	one	 study	 conducted	 indicated	 that	
sedimentation	processes	in	the	marine	environment	has	affected	
the	production	capacity	of	an	estimated	7	hectares	of	intertidal	
habitat	(Levings	et	al,	2002).		

Un-named tributary in Upper Bonsall Creek
Upstream	of	its	junction	with	Bonsall	Creek	for	a	distance	of	about	
1,200	m,	the	un-named	tributary		is	constrained	to	a	floodplain	
ranging	 from	60	m	to	130	m	 in	width	by	Somenos	Road	and	a	
terrace	to	the	east	and	by	the	railway	alignment	to	the	west.

The	 channel	 bed	 material	 is	 typically	 coarse	 gravel	 and	 for	 a	
distance	 of	 about	 100	 m	 the	 channel	 flows	 	 through	 a	 well	
vegetated	 forest	 that	 has	 a	 lot	 of	 wood	 cover	 (Photo	 9).	 Just	
beyond	 this	point	 	 the	 river	banks	have	 	been	cleared	and	are	
grass	covered	and	livestock	have	free	access	to	the	creek	(Photo	
10).	 The	 banks	 are	 generally	 fine-grained	 along	 most	 of	 this	
channel	and	it	likely	contributes	a	significant	amount	of	sediment	
to	the	system.

Surface	water	sources,	such	as	ditches	and	overland	flow	from	
fields	(Photo	11)	are	also	contributing	sediment.

Whitehouse Creek
Upstream	 of	 Highway	 1,	 the	 Whitehouse	 Creek	 sub-basin	 is	
heavily	 influenced	 by	 land	 clearing	 from	 agriculture.	 Several	
tributaries	 to	 the	 creek	are	ditches	 (Photo	12),	many	of	which	
have	a	relatively	steep	gradient	and	are	incised	into	fine	grained-
material,	 contributing	 fine-grained	 material	 to	 downstream	
reaches	(Photo	13	and	Photo	14).	Many	of	the	fields	are	cleared	
across	the	channel,	 leaving	no	riparian	zone	and	no	barriers	to	
prevent	livestock	from	entering	the	channel.	
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Photo 10

Photo 11 Photo 12

Photo 14

Figure 28. Channel survey photo locations and numbers (2).

Photo 9

Photo 13
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7.5 Summary

There	are	many	gaps	in	our	understanding	of	how	the	watershed	
responds	 to	 changes	 in	 water	 supply,	 consumption,	 storage,	
and	 drainage.	 It	 is	 clear	 that	 many	 of	 the	 farms	 on	 the	 east	
side	 of	 Highway	 1	 are	 severely	 affected	 by	 high	 groundwater	
tables	 and	 surface	water	 drainage	 issues	 due	 to	 their	 location	
in	 the	 watershed.	 Issues	 such	 as	 poorly	 drained	 soils,	 high	
water	 table,	 and	 convergences	 of	 surface	 and	 groundwater	
flows	 contribute	 to	 create	 challenging	 conditions	 for	 farmers.	
Continued	sedimentation	will	further	reduce	the	capacity	of	the	
lower	reaches	of	the	creek	to	convey	flow,	and	the	low	gradient	
channel	will	respond	more	quickly	to	large	flows	and	floods	will	
be	slower	to	recede	unless	careful	measures	are	taken	to	manage	
sedimentation,	both	in	the	upper	watershed		source	areas	as	well	
as	in	the	lower	watershed	receiving	areas.
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Figure 29. Raw lithologies. Figure 30. Standardized lithologies.

Figure 31. Relative permeability of materials. Figure 32. Final hydrogeological interpretation of borehole lithologies
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8.2 Borehole Lithologies and Interpretation

A	 systematic	 review	 of	 the	 standardized	 BC	 Wells	 database,	
including	 water	 well	 attributes	 and	 lithology	 records,	 has	
been	 conducted	 for	wells	 in	 the	Bonsall	 Creek	watershed.	 The	
standardized	 well	 lithologies	 are	 refined	 from	 the	 thousands	
of	 unique	 lithological	 descriptions,	 generated	 by	 water	 well	
drillers,	and	stored	 in	 the	publicly	available	BC	Wells	database.		
Standardized	 lithologies	 from	 borehole	 records	 have	 been	
assessed	 in	 relation	 to	 the	 following	 information	 (where	
available):	
• depth	to	water	at	time	of	drilling;	
• well	completion/screened	intervals;
• local	hydraulic	gradients;
• depth	to	fractures;
• initial	yield	estimates;
• surficial	geology;	and
• bedrock	topography

Raw	lithologies	and	standardized	lithologies	are	shown	in	Figure	
29	and	Figure	30	respectively.

Permeability
The	standardized	lithologies	in	the	Bonsall	Creek	watershed	have	
been	classified	in	terms	of	permeability:
1)	permeable;
2)	low-permeability;	
3)	ambiguous	(i.e.	units	that	could	be	permeable	or	low	
permeability.)

The	“ambiguous”	units	are	lithologies	that	may	be	subsequently	
re-interpreted	 as	 either	 having	 an	 affinity	 with	 aquifers	 or	
aquitards,	 based	 on	 their	 relation	 to	 other	 information	 (e.g.	
details	in	the	driller’s	notes),	screened	interval,	or	the	local	depth	
of	groundwater.	

Relative	permeability	of	materials	for	standardized	lithologies	are	
shown in	Figure	31.

Permeable/low-permeability	 units	 have	 been	 interpreted	
alongside	 available	 well	 completion	 data,	 groundwater	
elevations,	surficial	geology,	and	topography.

Hydrogeological	 interpretation	of	 lithologies	 is	 shown	 in	Figure	
32.

8.1 Data and Methodology

A	 hydrogeological	 conceptual	 model	 has	 been	 developed	 in	
order	 to	 better	 understand	 the	 surface	 water	 -	 groundwater	
regime	 in	 the	Bonsall	Creek	watershed.	The	goal	of	 the	model	
is	to	define	the	fundamental	hydrogeological	building	blocks	of	
aquifers,	aquitards,	bedrock	topography	and	hydraulic	gradients	
for	 the	 watershed,	 and	 relate	 these	 to	 the	 groundwater	 and	
surface	water	regime.

8. Watershed Groundwater

8.3 Surficial Geology

Surficial	 deposits	 within	 the	 Bonsall	 Creek	 area	 are	 mapped	
according	to	the	Terrain	Ecosystem	Mapping	(TEM)	standard	of	
British	 Columbia	 (Figure	 33),	 which	 maps	 landscape	 polygons	
of	 related	 surficial	materials,	 geomorphological	 processes,	 and	
landforms.

Sediments	of	to	the	Chemainus	aquifer	can	clearly	be	seen	to	the	
left	as	the	yellow	fluvial	deposits	at	B	and	the	alluvial	fan	at	A. 

8.4 Soil Drainage

Aquifer	recharge	is	likely	enhanced	in	areas	where	soil	drainage	
is	greater,	which	 for	 the	most	part	occurs	 in	upland	areas.	The	
Bonsall	 Creek	 alluvial	 fan	 at	 “A”	 in Figure	 34	 is	 an	 area	where	
recharge	to	upper	aquifers	172	and	174	likely	occurs.	

Upper	Whitehouse	Creek	watershed	is	characterized	by	well	to	
moderately	well	drained	soils,	likely	contributing	to	recharge	of	
the	bedrock	aquifer	and	the	Chemainus	aquifer	(172).

8.5 Mapped Aquifers 

Three	bedrock	and	two	overburden	aquifers	have	been	mapped	
in	the	Bonsall	Creek	watershed	(Figure	35).	

Provincial	mapping	updates	are	required	in	additional	areas,	as	
indicated	by	circles	in	Figure	35	and	Figure	36:	
• A	sand	and	gravel	aquifer	occurs	in	the	vicinity	of	Crofton	

that	is	currently	mapped	as	bedrock	aquifer	(red	circle);	and	
• Aquifer	174	was	found	to	occur	at	depth	throughout	lower	

Bonsall	Creek	(blue	circle).	
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Figure 33. Watershed surficial geology and well locations.

A

B
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A

Figure 34. Watershed soil drainage classes and well locations.

A
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Figure 35. Mapped Aquifers (BC Ministry of Environment) and available well data.
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8.6 Results

Bedrock Topography
Upland	 areas	 are	 dominated	 by	 a	 thin	 overburden	 of	 till	
and	 colluvium	 over	 bedrock.	 Consequently,	 in	 these	 areas,	
groundwater	 is	 sourced	 from	 fractured	 bedrock.	 Deeper	
accumulations	 of	 overburden	 are	 found	 in	 the	 valley	 bottom.	
Two	 major	 depressions	 exist	 in	 the	 bedrock	 topography.	 One	
is	 located	 just	south	of	the	confluence	of	Solly’s	Creek	and	the	
Bonsall	 Creek	main	 stem,	 with	 a	maximum	 overburden	 depth	
of	 approximately	 60m,	 corresponding	 to	 an	 elevation	 of	 30	m	
below	sea	level	at	its	deepest	point.	The	other	is	located	slightly	
north	of	the	confluence	of	Bonsall	Creek	and	Whitehouse	Creek,	
with	 a	 maximum	 overburden	 depth	 of	 approximately	 60m,	
corresponding	 to	 an	 elevation	 of	 60	 m	 below	 sea	 level	 at	 its	
deepest	point.	These	deep	depressions	in	the	bedrock	are	likely	
only	 connected	 by	 a	 narrow	 “channel”	 characterized	 by	 thin	
overburden.	

These	 features	 likely	 have	 a	 significant	 influence	 on	 both	 the	
hydraulic	 gradient	 and	 the	 groundwater	 flow	within	 the	 study	
area.	 In	 particular,	 the	 overburden-bedrock	 interface	 beneath	
Bonsall	 Creek	 descends	 to	 about	 60	m	 below	 sea	 level	 at	 the	
Bonsall	Whitehouse	low	(Figure	37),	and	then	rises	to	nearly	the	
land	surface	towards	the	ocean.	This	bedrock	high	located	close	
to	the	salt	water	margin	likely	creates	a	low	permeability	barrier	
to	groundwater	flux	from	the	overburden	aquifers	(Aquifer	172	
and	Aquifer	174)	to	the	ocean,	likely	exacerbating	the	seasonally	
high	water	table	in	the	area.

Interpreted Bedrock
The	 groundwater	 flow	 direction	 within	 the	 main	 overburden	
aquifers	overlying	the	bedrock	is	illustrated	by	the	yellow	arrows	
(Figure	 38).	 The	 bedrock	 high	 at	 the	 mouth	 of	 Bonsall	 Creek	
watershed	may	act	as	a	barrier	to	groundwater	flow	to	the	ocean	
(red	arrow).	

Interpreted Piezometric Contours
Interpreted	Piezometric	contours	were	derived	from	groundwater	
levels	recorded	at	the	time	of	drilling	(Figure	39).	Although	water	
levels	were	measured	at	different	times,	they	can	nevertheless	
be	used	to	interpolate	a	“watershed-scale”	elevation	of	the	water	
table	(piezometric	surface).	The	horizontal	hydraulic	gradient	 is	
greater	 in	the	upper	watershed	(as	shown	by	a	narrow	spacing	
of	the	piezometric	contours),	and	virtually	flattens	towards	the	
lower	reaches	and	mouth	of	the	creek.	The	very	low	horizontal	
hydraulic	gradient	towards	the	ocean	(i.e.,	very	flat	water	table)	
likely	 exacerbates	 the	 seasonally	 high	 water	 table	 in	 lower	
Bonsall	Creek.

The	Solly’s	Creek	groundwater	sub-basin	can	be	identified	by	the	
groundwater	divide	at	the	dashed	orange	line.	

Figure 36. 3D view of aquifers and boreholes in the Bonsall Creek watershed (looking southwest towards headwaters)
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Figure 37. Hydrogeological conceptual model.
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Figure 38. Interpreted bedrock.
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Figure 39. Interpreted piezometric contours.
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Hydrogeological Conceptual Model

The	 final	 hydrogeoloigical	 conceptual	 model	 (Figure	 40	 and	
Figure	41)	developed	for	Bonsall	Creek	comprises	five	units:	
1.	Aquifer	172	Salish	(the	“Chemainus	River”	aquifer),	comprising	
unconfined	sand	and	gravel;	

2.	Vashon	Till	aquitard;
3.	Vashon	aquitard	(silts	and	clays);
4.	Aquifer	174	comprising	confined	sand	and	gravel;
5.	Undifferentiated	Bedrock	aquifers.	

8.7 Conclusion

Based	 on	 the	 completed	 work	 and	 the	 data	 compiled	 and	
analysed,	the	following	hydrogeological	conclusions	are	made:
• Bonsall	Creek	can	be	divided	into	two	groundwater	sub-

basins:	the	first	is	centered	around	Solly’s	Creek	in	the	
upper	Bonsall	Creek	watershed;	and	the	second	is	present	
around	the	Whitehouse	Creek	–	Bonsall	Creek	confluence.

• Solly’s	Creek	groundwater	basin	is	recharged	locally	and	
likely	cannot	sustain	elevated	groundwater	extraction.

• Seasonally	elevated	water	table	in	lower	Bonsall	Creek	are	
likely	the	result	of	the	combined	effect	of	a	very	gentle	
topography,	very	low	horizontal	hydraulic	gradients,	a	
bedrock	high,	and	pinching	of	the	Chemainus	River	Aquifer	
(Aquifer	172)	towards	the	mouth	of	the	creek.

• According	to	a	preliminary	groundwater	recharge	water	
balance,	precipitation	mainly	occurs	during	the	winter	
months	with	relatively	dry	summer	months.		Almost	half	
of	the	yearly	precipitation	falls	in	November,	December	
and	January.	Runoff	closely	mimics	precipitation,	being	
high	during	winter,	which	may	result	in	flooding	periods.	
Evapotranspiration	peaks	in	June,	July	and	August.	There	is	
no	aquifer	recharge	during	the	month	of	May	to	September.

Figure 40. Section scene of the model taken through the lower watershed, looking west towards Russel Farms Market and Highway 1.

Figure 41. Section view of the hydrogeological model taken through the lower watershed, looking south towards the headwaters.
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Appendix 1. Conservation Data Centre Wildlife List

Scientific	  Name Scientific	  Name	  Synonyms English	  Name Global	  Status Prov	  Status COSEWIC BC	  List SARA General	  Status	  Canada Name	  Category Class	  (English) Presence
Accipiter	  gentilis	  laingi Northern	  Goshawk,	  laingi	  subspecies G5T2 S2B T	  (Apr	  2013) Red 1-‐T	  (Jun	  2003) Vertebrate	  Animal birds Regularly	  occurring
Anaxyrus	  boreas Bufo	  boreas Western	  Toad G4 S3S4 SC	  (Nov	  2012) Blue 1-‐SC	  (Jan	  2005) 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal amphibians Regularly	  occurring
Aneides	  vagrans Wandering	  Salamander G4 S3S4 SC	  (May	  2014) Blue 4	  -‐	  Secure	  (2005) Vertebrate	  Animal amphibians Regularly	  occurring
Ardea	  herodias	  fannini Great	  Blue	  Heron,	  fannini	  subspecies G5T4 S2S3B,S4N SC	  (Mar	  2008) Blue 1-‐SC	  (Feb	  2010) Vertebrate	  Animal birds Regularly	  occurring
Asio	  flammeus Short-‐eared	  Owl G5 S3B,S2N SC	  (Mar	  2008) Blue 1-‐SC	  (Jul	  2012) 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Brachyramphus	  marmoratus Marbled	  Murrelet G3 S3B,S3N T	  (May	  2012) Blue 1-‐T	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Butorides	  virescens Green	  Heron G5 S3S4B Blue 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Cervus	  elaphus	  roosevelti

Cervus	  canadensis	  roosevelti;Cervus	  elaphus	  
roosevelti Roosevelt	  Elk G5T4 S3S4 Blue Vertebrate	  Animal mammals Regularly	  occurring

Chordeiles	  minor Common	  Nighthawk G5 S4B T	  (Apr	  2007) Yellow 1-‐T	  (Feb	  2010) 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Chrysemys	  picta Painted	  Turtle G5 S3 E/SC	  (Apr	  2006) No	  Status 1 4	  -‐	  Secure	  (2005) Vertebrate	  Animal turtles Regularly	  occurring
Chrysemys	  picta	  pop.	  1 Painted	  Turtle	  -‐	  Pacific	  Coast	  Population G5T2 S2 E	  (Apr	  2006) Red 1-‐E	  (Dec	  2007) Vertebrate	  Animal turtles Regularly	  occurring
Contia	  tenuis Sharp-‐tailed	  Snake G5 S1S2 E	  (Nov	  2009) Red 1-‐E	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2005) Vertebrate	  Animal reptiles Regularly	  occurring
Contopus	  cooperi Olive-‐sided	  Flycatcher G4 S3S4B T	  (Nov	  2007) Blue 1-‐T	  (Feb	  2010) 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Corynorhinus	  townsendii Townsend's	  Big-‐eared	  Bat G3G4 S3 Blue 2	  -‐	  May	  be	  at	  risk	  (2005) Vertebrate	  Animal mammals Regularly	  occurring
Dendragapus	  fuliginosus Dendragapus	  obscurus Sooty	  Grouse G5 S3S4 Blue Vertebrate	  Animal birds Regularly	  occurring
Entosphenus	  macrostomus Lampetra	  macrostoma Cowichan	  Lake	  Lamprey G1G2 S1S2 T	  (Nov	  2008) Red 1-‐T	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2005) Vertebrate	  Animal Lampreys Regularly	  occurring
Eumetopias	  jubatus Steller	  Sea	  Lion G3 S3B,S4N SC	  (Nov	  2013) Blue 1-‐SC	  (Jul	  2005) Vertebrate	  Animal mammals Regularly	  occurring
Falco	  peregrinus Peregrine	  Falcon G4 S3B SC	  (Apr	  2007) No	  Status 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Falco	  peregrinus	  anatum Peregrine	  Falcon,	  anatum	  subspecies G4T4 S2?B SC	  (Apr	  2007) Red 1-‐SC	  (Jun	  2012) Vertebrate	  Animal birds Regularly	  occurring
Falco	  peregrinus	  pealei Peregrine	  Falcon,	  pealei	  subspecies G4T3 S3B SC	  (Apr	  2007) Blue 1-‐SC	  (Jun	  2003) Vertebrate	  Animal birds Regularly	  occurring
Fratercula	  cirrhata Tufted	  Puffin G5 S3B,S4N Blue 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Glaucidium	  gnoma	  swarthi Northern	  Pygmy-‐Owl,	  swarthi	  subspecies G4G5T3Q S3 Blue Vertebrate	  Animal birds Regularly	  occurring
Gulo	  gulo Wolverine G4 S3 SC	  (May	  2014) No	  Status 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal mammals Regularly	  occurring
Gulo	  gulo	  vancouverensis Wolverine,	  vancouverensis	  subspecies G4TH SH SC	  (May	  2014) Red Vertebrate	  Animal mammals Regularly	  occurring
Hirundo	  rustica Barn	  Swallow G5 S3S4B T	  (May	  2011) Blue 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Lagopus	  leucura	  saxatilis Lagopus	  leucurus	  saxatilis White-‐tailed	  Ptarmigan,	  saxatilis	  subspecies G5T3 S3 Blue Vertebrate	  Animal birds Regularly	  occurring
Marmota	  vancouverensis Vancouver	  Island	  Marmot G1 S1 E	  (Mar	  2008) Red 1-‐E	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2005) Vertebrate	  Animal mammals Regularly	  occurring
Megascops	  kennicottii Otus	  kennicottii Western	  Screech-‐Owl G5 S4 T	  (May	  2012) No	  Status 1 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Megascops	  kennicottii	  kennicottii Otus	  kennicottii	  kennicottii Western	  Screech-‐Owl,	  kennicottii	  subspecies G5T4 S3 T	  (May	  2012) Blue 1-‐SC	  (Jan	  2005) Vertebrate	  Animal birds Regularly	  occurring
Mustela	  erminea	  anguinae Ermine,	  anguinae	  subspecies G5T3 S3 Blue Vertebrate	  Animal mammals Regularly	  occurring
Myotis	  keenii Keen's	  Myotis G2G3 S2S3 DD	  (Nov	  2003) Blue 3	  (Mar	  2005) 2	  -‐	  May	  be	  at	  risk	  (2005) Vertebrate	  Animal mammals Regularly	  occurring
Myotis	  lucifugus Little	  Brown	  Myotis G3 S4 E	  (Nov	  2013) Yellow 4	  -‐	  Secure	  (2005) Vertebrate	  Animal mammals Regularly	  occurring
Oncorhynchus	  clarkii	  clarkii Cutthroat	  Trout,	  clarkii	  subspecies G4T4 S3S4 Blue Vertebrate	  Animal ray-‐finned	  fishes Regularly	  occurring
Oncorhynchus	  kisutch Coho	  Salmon G4 S4 E	  (May	  2002) Yellow 4	  -‐	  Secure	  (2005) Vertebrate	  Animal ray-‐finned	  fishes Regularly	  occurring
Patagioenas	  fasciata Columba	  fasciata Band-‐tailed	  Pigeon G4 S3S4B SC	  (Nov	  2008) Blue 1-‐SC	  (Feb	  2011) 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Phalacrocorax	  auritus Double-‐crested	  Cormorant G5 S3S4B NAR	  (May	  1978) Blue 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Pooecetes	  gramineus	  affinis Vesper	  Sparrow,	  affinis	  subspecies G5T3? S1B E	  (Apr	  2006) Red 1-‐E	  (Dec	  2007) Vertebrate	  Animal birds Regularly	  occurring
Progne	  subis Purple	  Martin G5 S2S3B Blue 4	  -‐	  Secure	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Ptychoramphus	  aleuticus Cassin's	  Auklet G4 S2S3B,S4N SC	  (Nov	  2014) Blue 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal birds Regularly	  occurring
Rana	  aurora Northern	  Red-‐legged	  Frog G4 S3S4 SC	  (Nov	  2004) Blue 1-‐SC	  (Jan	  2005) 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal amphibians Regularly	  occurring
Sorex	  palustris	  brooksi American	  Water	  Shrew,	  brooksi	  subspecies G5T2 S2 Red Vertebrate	  Animal mammals Regularly	  occurring
Tyto	  alba Barn	  Owl G5 S3 T	  (Nov	  2010) Blue 1-‐SC	  (Jun	  2003) 3	  -‐	  Sensitive	  (2005) Vertebrate	  Animal birds Regularly	  occurring
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Appendix 2. Conservation Data Centre Vascular Plant List

Scientific	  Name Scientific	  Name	  Synonyms English	  Name Global	  Status Prov	  Status COSEWIC BC	  List SARA General	  Status	  Canada Name	  Category Presence
Abronia	  latifolia yellow	  sand-‐verbena G5 S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Abronia	  umbellata	  var.	  breviflora Abronia	  umbellata	  ssp.	  acutalata;Abronia	   pink	  sand-‐verbena G4G5T2 S1 E	  (May	  2004) Red 1-‐E	  (Jul	  2005) Vascular	  Plant Regularly	  occurring
Allium	  amplectens slimleaf	  onion G4 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Allium	  crenulatum Olympic	  onion G4 S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Anemone	  drummondii	  var.	  drummondii alpine	  anemone G4T4 S2S3 Blue Vascular	  Plant Regularly	  occurring
Balsamorhiza	  deltoidea deltoid	  balsamroot G5 S1 E	  (Apr	  2009) Red 1-‐E	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Bidens	  amplissima Vancouver	  Island	  beggarticks G3 S3 SC	  (Nov	  2001) Blue 1-‐SC	  (Jun	  2003) 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Calystegia	  soldanella Convolvulus	  soldanella beach	  bindweed G5 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Carex	  feta green-‐sheathed	  sedge G5 S2S3 Blue 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Carex	  interrupta green-‐fruited	  sedge G4 S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Ceratophyllum	  echinatum spring	  hornwort G4? S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Clarkia	  purpurea	  ssp.	  quadrivulnera wine-‐cup	  clarkia G5T5 S1 Red Vascular	  Plant Regularly	  occurring
Claytonia	  washingtoniana Washington	  springbeauty G2G4 S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Corydalis	  scouleri Scouler's	  corydalis G4 S3S4 NAR	  (Nov	  2006) Yellow 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Crassula	  connata	  var.	  connata Crassula	  erecta erect	  pygmyweed G5TNR S2 Red Vascular	  Plant Regularly	  occurring
Cyperus	  squarrosus Cyperus	  aristatus awned	  cyperus G5 S3 Blue 4	  -‐	  Secure	  (2010) Vascular	  Plant Regularly	  occurring
Epilobium	  densiflorum Boisduvalia	  densiflora dense	  spike-‐primrose G5 S1 E	  (May	  2005) Red 1-‐E	  (Aug	  2006) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Erysimum	  arenicola	  var.	  torulosum sand-‐dwelling	  wallflower G4G5T3T5 S3 Blue Vascular	  Plant Regularly	  occurring
Eucephalus	  paucicapitatus Aster	  paucicapitatus Olympic	  mountain	  aster G3? S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Fraxinus	  latifolia Oregon	  ash G5 S1S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Githopsis	  specularioides common	  bluecup G5 S2 Red 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Glehnia	  littoralis	  ssp.	  leiocarpa American	  glehnia G5T5 S3 Blue Vascular	  Plant Regularly	  occurring
Glyceria	  leptostachya slender-‐spiked	  mannagrass G3 S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Heterocodon	  rariflorum heterocodon G5 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Hosackia	  pinnata Lotus	  pinnatus bog	  bird's-‐foot	  lotus G4G5 S1 E	  (May	  2004) Red 1-‐E	  (Jul	  2005) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Idahoa	  scapigera scalepod G5 S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Isoetes	  nuttallii Nuttall's	  quillwort G4? S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Juniperus	  maritima seaside	  juniper G3G4 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Limnanthes	  macounii Macoun's	  meadow-‐foam G2 S2 T	  (Nov	  2004) Red 1-‐T	  (Aug	  2006) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Lomatium	  dissectum	  var.	  dissectum fern-‐leaved	  desert-‐parsley G4T4 S1S2 Red Vascular	  Plant Regularly	  occurring
Lupinus	  lepidus Lupinus	  lepidus	  var.	  lepidus prairie	  lupine G5 S1 E	  (Apr	  2009) Red 1-‐E	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Meconella	  oregana white	  meconella G2G3 S1 E	  (May	  2005) Red 1-‐E	  (Aug	  2006) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Megalodonta	  beckii Megalodonta	  beckii	  var.	  beckii water	  marigold G4G5 S3 Blue 4	  -‐	  Secure	  (2010) Vascular	  Plant Regularly	  occurring
Mimulus	  dentatus tooth-‐leaved	  monkey-‐flower G5 S2S3 Blue 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Mitellastra	  caulescens leafy	  mitrewort G5 S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Myriophyllum	  quitense waterwort	  water-‐milfoil G4? S2S3 Blue 4	  -‐	  Secure	  (2010) Vascular	  Plant Regularly	  occurring
Navarretia	  intertexta needle-‐leaved	  navarretia G5TNR S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Orobanche	  pinorum pine	  broomrape G4 S1 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Orthocarpus	  imbricatus mountain	  owl-‐clover G5 S1 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Packera	  macounii Senecio	  macounii Macoun's	  groundsel G5 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Piperia	  candida white-‐lip	  rein	  orchid G3? S2 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Pleuropogon	  refractus nodding	  semaphoregrass G4 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Polygonum	  paronychia black	  knotweed G5 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Prosartes	  smithii Disporum	  smithii Smith's	  fairybells G5 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Psilocarphus	  elatior tall	  woolly-‐heads G4Q S1 E	  (May	  2001) Red 1-‐E	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Rubus	  lasiococcus dwarf	  bramble G5 S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Rubus	  nivalis snow	  bramble G4? S3? Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Rupertia	  physodes Psoralea	  physodes California-‐tea G4 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Sanicula	  bipinnatifida purple	  sanicle G5 S2 T	  (May	  2001) Red 1-‐T	  (Jun	  2003) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Sericocarpus	  rigidus Aster	  curtus white-‐top	  aster G3 S2 SC	  (Apr	  2009) Red 1-‐SC	  (Jun	  2003) 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Sidalcea	  hendersonii Henderson's	  checker-‐mallow G3 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Silene	  scouleri	  ssp.	  scouleri Silene	  scouleri	  ssp.	  grandis;Silene	  scouleri	  var.	   coastal	  Scouler's	  catchfly G5T3T5 S1 E	  (May	  2003) Red 1-‐E	  (Jan	  2005) Vascular	  Plant Regularly	  occurring
Toxicodendron	  diversilobum poison	  oak G5 S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Trifolium	  cyathiferum cup	  clover G4 S1 Red 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
Triteleia	  howellii Triteleia	  grandiflora	  var.	  howellii Howell's	  triteleia G4G5T3T4Q S1 E	  (May	  2003) Red 1-‐E	  (Jan	  2005) Vascular	  Plant Regularly	  occurring
Uropappus	  lindleyi Microseris	  lindleyi Lindley's	  microseris G5 S1 E	  (Mar	  2008) Red 1-‐E	  (Feb	  2010) 1	  -‐	  At	  Risk	  (2010) Vascular	  Plant Regularly	  occurring
Utricularia	  ochroleuca ochroleucous	  bladderwort G4? S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Viola	  howellii Howell's	  violet G4 S2S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Viola	  praemorsa	  ssp.	  praemorsa yellow	  montane	  violet G5T3T5 S2 E	  (Nov	  2007) Red 1-‐E	  (Jun	  2003) Vascular	  Plant Regularly	  occurring
Woodwardia	  fimbriata giant	  chain	  fern G5 S3 Blue 3	  -‐	  Sensitive	  (2010) Vascular	  Plant Regularly	  occurring
Yabea	  microcarpa California	  hedge-‐parsley G5? S3 Blue 2	  -‐	  May	  be	  at	  risk	  (2010) Vascular	  Plant Regularly	  occurring
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Appendix 3. Conservation Data Centre Ecological Communities List

Scientific	  Name English	  Name Global	  Status Prov	  Status BC	  List Ecosystem	  Group
Abies	  grandis	  /	  Mahonia	  nervosa grand	  fir	  /	  dull	  Oregon-‐grape G1 S1 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  mesic
Abies	  grandis	  /	  Tiarella	  trifoliata grand	  fir	  /	  three-‐leaved	  foamflower G1 S1 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  moist/wet
Alnus	  rubra	  /	  Carex	  obnupta	  [	  Populus	  trichocarpa	  ] red	  alder	  /	  slough	  sedge	  [	  black	  cottonwood	  ] G1 S1 Red Wetland	  -‐	  Mineral:	  Wetland	  Swamp	  (Ws)
Alnus	  rubra	  /	  Lysichiton	  americanus red	  alder	  /	  skunk	  cabbage GNR S2 Red Wetland	  -‐	  Mineral:	  Wetland	  Swamp	  (Ws)
Alnus	  rubra	  /	  Rubus	  spectabilis	  /	  Equisetum	  arvense red	  alder	  /	  salmonberry	  /	  common	  horsetail GNR S3 Blue Terrestrial	  -‐	  Flood:	  Flood	  Lowbench	  (Fl)
Arbutus	  menziesii	  /	  Arctostaphylos	  columbiana arbutus	  /	  hairy	  manzanita G2 S2 Red Terrestrial	  -‐	  Forest:	  Broadleaf	  -‐	  dry
Artemisia	  campestris	  -‐	  Festuca	  rubra	  /	  Racomitrium	  canescens northern	  wormwood	  -‐	  red	  fescue	  /	  grey	  rock-‐moss G1 S1 Red Terrestrial	  -‐	  Beach:	  Beach	  Beachland	  (Bb)
Brasenia	  schreberi	  -‐	  Utricularia	  spp. water	  shield	  -‐	  bladderworts GNR SNR No	  Status Wetland	  -‐	  Mineral:	  Wetland	  Shallow	  Water	  (Ww)
Carex	  lasiocarpa	  -‐	  Rhynchospora	  alba slender	  sedge	  -‐	  white	  beak-‐rush G2 S2 Red Wetland	  -‐	  Peatland:	  Wetland	  Fen	  (Wf)
Carex	  lyngbyei	  Herbaceous	  Vegetation Lyngbye's	  sedge	  herbaceous	  vegetation GNR S2 Red Estuarine:	  Estuary	  Marsh	  (Em)
Carex	  macrocephala	  Herbaceous	  Vegetation large-‐headed	  sedge	  Herbaceous	  Vegetation G1G2 S1S2 Red Terrestrial	  -‐	  Beach:	  Beach	  Beachland	  (Bb)
Deschampsia	  cespitosa	  ssp.	  beringensis	  -‐	  Hordeum	  brachyantherumtufted	  hairgrass	  -‐	  meadow	  barley G3 S2 Red Estuarine:	  Estuary	  Meadow	  (Ed)
Deschampsia	  cespitosa	  ssp.	  beringensis	  -‐	  Symphyotrichum	  subspicatumtufted	  hairgrass	  -‐	  Douglas'	  aster G3 S2 Red Estuarine:	  Estuary	  Meadow	  (Ed)
Distichlis	  spicata	  var.	  spicata	  Herbaceous	  Vegetation seashore	  saltgrass	  Herbaceous	  Vegetation GNR S2S3 Red Estuarine:	  Estuary	  Marsh	  (Em)
Dulichium	  arundinaceum	  Herbaceous	  Vegetation three-‐way	  sedge GNR S2 Red Wetland	  -‐	  Mineral:	  Wetland	  Marsh	  (Wm)
Eleocharis	  palustris	  Herbaceous	  Vegetation common	  spike-‐rush	  Herbaceous	  Vegetation GNR S3 Blue Wetland	  -‐	  Mineral:	  Wetland	  Marsh	  (Wm)
Festuca	  roemeri	  -‐	  Koeleria	  macrantha Roemer's	  fescue	  -‐	  junegrass G1 S1 Red Terrestrial	  -‐	  Grassland:	  Grassland	  (Gg)
Juncus	  arcticus	  -‐	  Plantago	  macrocarpa arctic	  rush	  -‐	  Alaska	  plantain GNR S1 Red Estuarine:	  Estuary	  Meadow	  (Ed)
Leymus	  mollis	  ssp.	  mollis	  -‐	  Lathyrus	  japonicus dune	  wildrye	  -‐	  beach	  pea GNR S1S2 Red Terrestrial	  -‐	  Beach:	  Beach	  Beachland	  (Bb)
Menyanthes	  trifoliata	  -‐	  Carex	  lasiocarpa buckbean	  -‐	  slender	  sedge G3 S3 Blue Wetland	  -‐	  Peatland:	  Wetland	  Fen	  (Wf)
Myosurus	  minimus	  -‐	  Montia	  spp.	  -‐	  Limnanthes	  macounii tiny	  mousetail	  -‐	  montias	  -‐	  Macoun's	  meadow-‐foam G2 S1 Red Terrestrial	  -‐	  Hydrogenic:	  Vernal	  Pool	  (Hv)
Myrica	  gale	  /	  Carex	  sitchensis sweet	  gale	  /	  Sitka	  sedge G3 S2 Red Wetland	  -‐	  Peatland:	  Wetland	  Fen	  (Wf)
Pinus	  contorta	  /	  Sphagnum	  spp.	  CDFmm lodgepole	  pine	  /	  peat-‐mosses	  CDFmm GNR S1 Red Wetland	  -‐	  Peatland:	  Wetland	  Bog	  (Wb)
Populus	  tremuloides	  /	  Malus	  fusca	  /	  Carex	  obnupta trembling	  aspen	  /	  Pacific	  crab	  apple	  /	  slough	  sedge G2 S1S2 Red Wetland	  -‐	  Mineral:	  Wetland	  Swamp	  (Ws)
Populus	  trichocarpa	  -‐	  Alnus	  rubra	  /	  Rubus	  spectabilis black	  cottonwood	  -‐	  red	  alder	  /	  salmonberry GNR S3 Blue Terrestrial	  -‐	  Flood:	  Flood	  Midbench	  (Fm);Terrestrial	  -‐	  Forest:	  Broadleaf	  -‐	  moist/wet
Pseudotsuga	  menziesii	  -‐	  Arbutus	  menziesii Douglas-‐fir	  -‐	  arbutus GNR S2 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  dry
Pseudotsuga	  menziesii	  /	  Mahonia	  nervosa Douglas-‐fir	  /	  dull	  Oregon-‐grape G2 S2 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  mesic
Pseudotsuga	  menziesii	  /	  Melica	  subulata Douglas-‐fir	  /	  Alaska	  oniongrass G1 S1 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  dry
Quercus	  garryana	  -‐	  Arbutus	  menziesii Garry	  oak	  -‐	  arbutus G1 S1 Red Terrestrial	  -‐	  Forest:	  Broadleaf	  -‐	  dry
Quercus	  garryana	  /	  Bromus	  carinatus Garry	  oak	  /	  California	  brome G1 S1 Red Terrestrial	  -‐	  Forest:	  Broadleaf	  -‐	  dry
Quercus	  garryana	  /	  Holodiscus	  discolor Garry	  oak	  /	  oceanspray G1 S1 Red Terrestrial	  -‐	  Forest:	  Broadleaf	  -‐	  dry
Rhododendron	  groenlandicum	  /	  Kalmia	  microphylla	  /	  Sphagnum	  spp.Labrador-‐tea	  /	  western	  bog-‐laurel	  /	  peat-‐mosses G4 S3 Blue Wetland	  -‐	  Peatland:	  Wetland	  Bog	  (Wb)
Ruppia	  maritima	  Herbaceous	  Vegetation beaked	  ditch-‐grass	  Herbaceous	  Vegetation GNR S2 Red Estuarine:	  Estuary	  Marsh	  (Em)
Salix	  sitchensis	  -‐	  Salix	  lasiandra	  var.	  lasiandra	  /	  Lysichiton	  americanusSitka	  willow	  -‐	  Pacific	  willow	  /	  skunk	  cabbage G2 S2 Red Wetland	  -‐	  Mineral:	  Wetland	  Swamp	  (Ws)
Sarcocornia	  pacifica	  -‐	  Glaux	  maritima American	  glasswort	  -‐	  sea-‐milkwort G3G4 S2 Red Estuarine:	  Estuary	  Marsh	  (Em)
Schoenoplectus	  acutus	  Deep	  Marsh hard-‐stemmed	  bulrush	  Deep	  Marsh G5 S3 Blue Wetland	  -‐	  Mineral:	  Wetland	  Marsh	  (Wm)
Selaginella	  wallacei	  /	  Cladina	  spp. Wallace's	  selaginella	  /	  reindeer	  lichens GNR S3 Blue Terrestrial	  -‐	  Grassland:	  Grassland	  (Gg);Terrestrial	  -‐	  Rock:	  Rock	  Outcrop	  (Ro)
Spiraea	  douglasii	  /	  Carex	  sitchensis hardhack	  /	  Sitka	  sedge G4 S4 Yellow Wetland	  -‐	  Mineral:	  Wetland	  Swamp	  (Ws)
Thuja	  plicata	  /	  Achlys	  triphylla western	  redcedar	  /	  vanilla-‐leaf G1 S1 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  moist/wet
Thuja	  plicata	  /	  Oemleria	  cerasiformis western	  redcedar	  /	  Indian-‐plum G1 S1 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  moist/wet
Thuja	  plicata	  -‐	  Pseudotsuga	  menziesii	  /	  Eurhynchium	  oreganumwestern	  redcedar	  -‐	  Douglas-‐fir	  /	  Oregon	  beaked-‐moss GNR S1 Red Terrestrial	  -‐	  Forest:	  Coniferous	  -‐	  moist/wet
Thuja	  plicata	  /	  Symphoricarpos	  albus western	  redcedar	  /	  common	  snowberry GNR S1 Red Terrestrial	  -‐	  Flood:	  Flood	  (Highbench);Terrestrial	  -‐	  Forest:	  Mixed	  -‐	  moist/wet
Typha	  latifolia	  Marsh common	  cattail	  Marsh G5 S3 Blue Wetland	  -‐	  Mineral:	  Wetland	  Marsh	  (Wm)
Zostera	  marina	  Herbaceous	  Vegetation common	  eel-‐grass	  Herbaceous	  Vegetation GNR SNR No	  Status Estuarine:	  Estuary	  Tidal	  Flat	  (Et)
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