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I. Introduction:

The impetus for the Open Bay Creek Watershed study lies in local concerns for the lack 
of returning Coho salmon  to Open Bay Creek for the past twenty plus years, this to spite 
the fact that recent studies indicate that the habitat in the system is healthy and should 
support the production of many hundred adult Coho annually. Fall adult spawning Coho 
counts, escapement counts, have been conducted by the Department of Fisheries and 
Oceans (DFO) since 1971 and the Quadra Island Salmon Enhancement Society (QISES) 
since 1980. Later discussions in this report will identify several early counts (1970s) of 
two hundred Coho, an apparent “crash” in numbers in the early/mid 1980s, and the lack 
of recovery to the present date.

The rationale for the loss of a viable Coho population in Open Bay Creek is likely rooted 
in a complex set of interrelated factors, including open ocean survival, harvest, 
freshwater habitat issues, and climate change. Many of these factors, even individually, 
are highly complex and regional/global in nature. To understand and subsequently 
attempt to remediate most of these factors extends far beyond local capabilities. However 
there is one critical factor that can be effectively addressed at the local level, that being 
freshwater habitat. Perhaps, if a key limiting factor to production and adult return is 
found within the stream and/or its watershed, and subsequent remedial actions are 
successful, the opportunities for an overall, sustained,  increase in Coho numbers can be 
at least enhanced. The rationale for conducting this watershed study, then, is to attempt to 
identify potential freshwater-related limiting factors to Coho production. 

The following short discussion of the interrelationship of forest ecology and fisheries 
resources, in this study specifically salmonid fisheries, is provided in order to bridge the 
upcoming discussions between health of the forests and subsequent health of the 
freshwater fisheries resources.

II. The Relationship of Forest Ecology and Associated Fisheries Resources

A watershed, the area of land within which all surface waters flow to a single point,  by 
spatial definition allows us to identify and study the ecosystem(s) that contribute most 
directly to the formation and equilibrium of the forested stream, which in the context of 
this study pertains to Open Bay Creek.

“The fish and other aquatic organisms of forest streams – the first, second and third order 
streams that arise in and drain forested landscapes – are, to a great extent, forest 
organisms. The characteristics of their aquatic environment and the majority of their food 
supply and nutrients, for part or all of their life cycle, originate as forest plant biomass 
and litterfall. Understanding, predicting and managing the hydrology and ecology of 
these water bodies and the aquatic plants, animals and microbes they support must, 
therefore, be based on an understanding of the ecology of forest ecosystems.” (Kimmins, 
2004. p19)
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The major functions of these terrestrial ecosystems include,
1.  plant production of biomass -  to effectively do so soils, plants, animals, and microbes 
must efficiently interact, thus forming the ecosystem. This interconnectedness mandates 
that forests be studied and managed as an overall system rather than as individual 
component parts or values.
2.  regulation of nutrient chemical input – the conversion and circulation of non-usable 
elements into chemicals that can be processed into and through the ecosystem
3.  regulation of the hydrological cycle

Kimmins (2004) further states, “ trees play a major role in regulating the loss of water 
back to the atmosphere through canopy interception loss, evaporation and transpiration. 
They also regulate snowmelt, surface runoff, infiltration into soil, water storage in and 
movement through the soil, and the quantity, quality and regimen of water moving out of 
the terrestrial ecosystem into aquatic ecosystems.” (p21)

From a fisheries perspective then, a healthy functioning forest ecosystem, other than 
under the influence of the most major of storm events, provides a regulated flow of water 
and organic/inorganic nutrients to the associated forest streams, the fundamental 
components for fish production. 

III. Coho Utilization of Freshwater

Since the focus of this study is upon potential limiting factors within the Open Bay 
watershed that maybe suppressing Coho numbers, the following is a preamble to briefly 
outline the freshwater portion of the Coho life cycle. The discussion sets the stage prior to 
presenting information relative to the physical characteristics the Open Bay watershed 
and salmonid habitat conditions within Open Bay Creek. This discussion also impresses 
the importance of the linkages between healthy upland conditions, subsequent surface 
and subsurface flows to the creek, quality water conditions within the creek and 
ultimately, Coho production.

The following is an abridged outline based upon the “Life History of Coho Salmon”, 
(Sandercock, 1991. p397 – 445).

In British Columbia, Coho salmon (Oncorhynchus kisutch) generally arrive at their natal 
streams during September/October after spending sixteen months at sea. Adults gather at 
the estuaries, then move upstream typically when there is a large increase in stream flow 
coupled with a high tide, during November and December. 

The length of time for spawning varies considerably (geographically within BC and with 
the overall size of the system) but Coho in the south coastal region are considered to 
spawn between November and early January.  Spawning normally occurs in gravels 15 
cm in size and smaller, with <5% of the redd sites located in areas containing a high 
proportion of mud, sand or silt. The female’s egg numbers again vary geographically and 
with its size, with 1900- 2700 often laid. They are normally located at the top end of riffle 
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areas where there is good circulation of oxygenated water through the gravels. The redds 
average 1.5 m2 and require approx. 11.7 m2 spacing. Eggs are often laid between15 and 
25 cm beneath the surface. Incubation time is largely dependent upon stream temperature. 
Once hatched the alevins remain in the gravel until their yolk sacks are exhausted. Total 
time in the gravel runs approx. 149 – 188 days, again temperature dependent. “Winter 
flooding and associated silt load may reduce oxygen circulation in the gravel to the point 
where oxygen levels become critical or lethal.” (p414) Further, “Where the gravel/sand 
mixture was 70% sand (particle size<3.3 mm), survival to emergence was only 8%” 
(P415), with normal survival to emergence being 15 – 27%. Fry generally emerge during 
late April and May, immediately seeking low stream velocity areas, hiding beneath 
boulders stones and large woody debris, LWD (p415).
 
Within weeks of emergence, fry begin to migrate both up and downstream often 
migrating considerable distances, thus populating large portions of their natal streams. 
However, once territories are established, they remain in the same locality for long 
periods. The more structurally complex the stream (containing stones, LWD and over-
hanging brush) the greater its capacity to support larger numbers of fry. The young fry 
initially rely heavily upon  algae and microinvertebrates, diversifying their diet to insects 
as the summer progresses. Adequate primary food production of this nature can only be 
supplied by streams that are in a healthy functioning state. Fry, at the end of year1 
(smolts) often become predatory, feeding upon other fish including their own. Studies of 
survival of fry to smolt stage indicate success to approximate 7%. “Because of the 
relatively low survival rates of fry to smolt, it is obvious that the freshwater environment 
plays a major role in the fluctuation of Coho abundance.”  (p421) 

Fry tend to move into deeper water toward fall, to areas containing large wood structures, 
beaver ponds and often into clear, stable structured tributaries or side channel. They do 
this in order to avoid being swept out to sea during the winter freshet period. Activity and 
feeding levels drop correspondingly with stream temperature. During this period smolts 
are heavily predated upon by mink, otter and other mammals.

By late the following spring the smolts are 10 cm, or greater in size, change their body 
colour (to silver), congregate into small schools, and begin their migration (May) down to 
the estuaries. Migration timing appears to be related to the drop in stream water levels 
and/or rise in stream temperatures in late spring. Once in the estuaries, smolts acclimatize 
and grow rapidly for a period of up to several months before beginning seaward 
migration.

Studies within British Columbia indicate very few stocks remain in freshwater for a 
second year and, thus, Coho are generally considered to be a three year class salmonid.

In summary, Coho requirements of freshwater and freshwater habitat are extensive and 
continue throughout the entire year. 
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IV. An Overview of the Open Bay Creek Watershed and Open Bay Creek

Most mapping, with the exception of that of TimberWest (holder of TFL 47), indicates 
the primary outlet from September Lake as flowing southwest into Open Bay Creek, ½ 
km south of the Village Lakes Road crossing. Therefore government and most industry 
publications refer to Open Bay Creek as part of the September Lake Watershed, with 
corresponding watershed data recorded as an amalgamated data set, eg. watershed code is 
00142 COMX; stream code is 905-291000-82400-63600, both referenced under 
September Lake. The data are inaccurate as ground truthing confirms that the outlet 
September Lake is to the east with the corresponding creek running south/south east 
independent of Open Bay Creek. The Open Bay Creek, with its associated watershed, is a 
distinct entity.

The Open Bay Creek Watershed, then, is located almost at the mid-point of the north-
south axis of Quadra Island, approximately 3 km due north of the village of Heriot Bay 
(Maps 1 & 2),. The watershed is lineal-shaped, approximately 6 km in length, 2 km in 
width and 11.65 sq km in total area. Topographically, it is sited within a transition zone, 
between steep hills which rise to Mt. Seymour (600m), 2 km to the west, and undulating 
topography, 80 – 120m, extending east for more than 4 km to the eastern edge of Quadra 
Island.

The west side of the creek is exclusively Crown Land, being TimberWest’s TFL 47. The 
east side of the creek is predominately Crown Land with privately owned acreages 
toward the south end of the watershed. The majority of the remaining Crown Land is 
under Wood Lot Licenses including pt.WL 0025 (Alex Hartford), pt.WL 1611 (Rockview 
Resources), pt. WL 1897 (Benner Forestry Ltd.), and pt.WL 1610 (Discovery Forestry 
Ltd.).

Open Bay Creek is a second order, S2 (5-20 m width) stream with 7 seven identified 
tributaries, 5 of which enter the creek off the steep westerly slopes. The creek is karst fed 
near its headwaters (Grike Creek tributary, located on Woodlot no. W1897, ½ km north 
of the Village Lake road crossing) and maintains a healthy, cool  flow of water even 
through periods of extended hot, dry weather as witnessed during the spring and summer 
of 2006 (August 04 – 13C; Sept 06 – 11C). The creek has a sinuous to irregular, 
wandering entrenched channel pattern indicating the likelihood of increased sediment 
load or rate of flow (Kellerhals et al. 1976). Gradient averages 1.25 – 1.5% (0-5.5%) on 
the lower portion of the creek, to the Village Lake Road crossing (Heim, 2001.) above the 
road, the majority of the stream remains at 1 -1.5%, rising to 4-7% only in the most upper 
reaches (Heim, 2000.). Stream flow in both areas is generally classified as pool-riffle, or 
pool-glide.

Cutthroat trout (O. clarki) are found throughout the entire mainstem and in at least the 
bottom portions of all tributaries (Heim, 2000, 2001.). Adult Coho and Chum salmon 
were observed by the author >100m above Village Lakes road (November, 2006) with 
Coho juveniles trapped by Heim (2000.) in the same vicinity.
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IV a) Watershed Topography, Geology & Soils, and Stability

The Open Bay Creek mainstem forms a northwest to southeast dividing line between two 
distinct topographical land formations. 

The western portion of the watershed is located on a uniform steep slope, originating 
from Quadra’s highest site, Mt. Seymour (ele. 600 m). Slopes within the watershed fall 
between 150 to 200 m from west to east,  with slope angles ranging from 15 to 30 %. 
Ministry of Environment Surficial Geology Maps (Map 3) define this western portion of 
the watershed as Shallow Colluvium, surface structure that is composed of sediments less 
than 1 m thick, overlaying bedrock. Soils Survey Report # 44 further defines the soils as 
dominantly “Quimper”, moraine in origin, and being predominately gravel with silt 
texture. The Quimper is mixed with 20 % “Honeymoon”, fluvial in origin, and being a 
very gravelly sandy loam. Both soils are well drained, holding little moisture after 
rainfall.

Topographically, the eastern potion of the watershed is much more complex. It is rolling 
to steeply undulating terrain with slope elevations varying from 9 to 30%. The area is 
defined on the same Surficial Geology maps as Deep Morraine with sediments that are 
generally greater than 1 m in thickness, overlaying bedrock and may contain pockets of 
colluvium or perched glaciofluvial deposits. Soils Survey Report # 44 further defines the 
soils as, again, dominantly “Quimper”, but with 20% “Hemmingsen”, colluvial in origin, 
and being a gravelly loam. Both soils are well drained, holding little moisture after 
rainfall.

The author’s review of 2004 orthophotogrphy indicates no sign of mass wasting within 
the watershed likely due to the high porosity of the soils. However the soil’s surficial 
gravels and large quantities of sand do make the steeper slopes, predominately on the 
western portion of the watershed, highly prone to surficial water erosion and subsequent 
downstream transport. The uniformly steep slopes of the western portion of the watershed 
should be considered as a highly sensitive area, susceptible to fluvial erosion. Steep-
sloped sites (>20%) located on the rolling terrain of the eastern portion of the watershed 
should also be recognized for their erosive-prone nature. 

IV b) Watershed Forest and Riparian Cover

The Open Bay Creek watershed is located within the Coastal Western Hemlock Zone, 
CWH Very Dry Maritime Subzone (CWHxm2). Forest cover in the watershed is 
dominated by Douglas Fir. Western Hemlock stands combine to represent the major 
proportion of timber within the area. TimberWest Forest Development Plan Mapsheets 
(2001 – 2005) indicate that a major portion of the watershed (est. > 60%) is, in fact, pure 
stands, or stands dominated by, Douglas Fir. Western red Cedar, Bigleaf/Vine Maple and 
Red Alder are also found throughout the watershed, with occasional Sitka Spruce found 
in the wetter, commonly riparian areas. Common shrubbery in the understory is salal, 
huckleberry, devil’s club, and salmonberry.
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The riparian zone of Open Bay Creek is composed of advanced second growth (65 – 75 
yr) and as such is dominated by softwoods (commonly Hemlock, Western Red Cedar, 
Douglas Fir, and Sitka Spruce). Red Alder and Bigleaf/Vine Maple are interspersed 
throughout the riparian, but with no homogenous sizable stands of either. The riparian is 
in an exceptionally healthy state of regeneration presently contributing large woody 
debris, LWD, (predominately alder) to the creek. Prime LWD however, softwoods, are 
only beginning to contribute to the system and will not likely be a major contributing 
factor for many more decades (for more detailed discussion on LWD recruitment, see 
C.J. Cederholm (1997).  
 
IV. c) Open Bay Creek and its Associated RMA

Open Bay Creek, 5.698 km in length (Heim, 2000,2001.), is defined as an S2 stream from 
its estuary to a point approximately 820 m upstream of the Village Lakes road crossing 
( Benner, 2005.). As such, the Resource Management Area is composed of a 30 m 
Riparian Reserve Zone, RRZ, and a 20 m Riparian Management Zone, RMZ, meaning 
under the current Forest Range and Practises Act that there is no harvest within the RRZ 
and special harvest conditions applicable to the RMZ. Above the 820 m mark the 
mainstem, to the crossing at Open Bay Main, becomes S3 with a corresponding RRZ 
reduced to 20 m, with the RMZ remaining the same. The creek’s tributaries all begin as 
S4 diminishing upstream to S6. All three of these classes (S4-6) carry no RRZ, but rather 
just a RMZ that starts at 30 m and is reduced to 20 m with non-fish bearing classes, 5-6. 
TimberWest’s 2006 Draft Forest Stewardship Plan for the area states that logging, as per 
government standards, within the S4-6 RMZs can occur to stream edge and can vary 
from 0 – 100% dependent upon site specific windthrow risk. Almost all of the S5 – 6 
streams are located on the steepest, most erosive prone terrain in the watershed.

IV d) Historical Impacts to the Environment Within the Watershed

Impacts to the environment can be categorized as natural and man-induced.

Nature has impacted the watershed in two identifiable forms – forest fire and flood. Fire, 
a reoccurring event within any natural environment, last impacted portions of the 
watershed during the early to mid 1920s, part of a series of fires during this period that 
burned a large portion of Quadra Island. Remnants of fire-killed trees are still evident and 
scattered throughout the watershed with many of Quadra’s second growth sites 
attributable to these fires. Though little is chronicled relative to rain and flood events 
within the area prior to the early 1960’s there is little doubt that major storm events have 
occurred. Subsequently, given the steep slopes and erosive sediments, particularly on the 
western slopes of the watershed, there has undoubtedly been widespread soil erosion. It is 
likely that even prior to man’s developments in the area that the Open Bay Creek 
contained and transported significant loads of fine sediments down its entire length.

Human-related activities within the watershed are primarily focused upon forest harvest 
and road development. There is also a cluster of rural residential (2 – 10 ha lots) located 
on the bottom, east side of the watershed, most within a kilometre of the coastline. The 
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residential developments, however, are located well away from the riparian area of the 
creek with no identifiable tributaries draining through these areas to the creek.

Forest harvest, according to previous TimberWest Forest Development Plan mapping 
(1998 – 2002, 2001 – 2005), indicates extensive (> 75%) portions of the watershed as 
being logged from 1930 – 1935, within approximately 15% being logged in the late 
1920s. Orthophotography dated 1954 still show occasional scars from across slope 
yarding that occurred on the steep slopes in the region during that period. Recently 
harvested cut blocks along the western slopes off Open Bay Main regularly reveal 
erosion gullies from these early logging practises, many 30 m wide, and larger, with most 
now revegetated. Stumps of logged trees of this period are routinely found at stream 
edges on all water courses within the watershed. Most recently, insufficiently controlled 
runoff from cutblock 71965 (Forest Dev. Plan, 2001 – 2005), harvested within the past 4 
years (Photo 1), has resulted in water erosion to, and sediment deposition on, Open Bay 
Main (Photo 2). These surface flows empty directly into two tributaries of Open Bay 
Creek (creeks 3 & 4, Heim 2000). Approximately 1 m of fresh incision is apparent within 
the stream beds of each, likely the result of the increased magnitude of storm related 
runoff from the cutblock (Photo 3). Finally, a flood plain at the intersection of the 
tributaries and the mainstem has resulted in the creation of gravel and sand deposits up to 
0.66 m deep, extending over an area measured at 51 by 23 m (Photos 4 & 5). Fresh 
accumulations of sediment were also observed down stream from the flood plain, into the 
nearest beaver pond, 53 m+ distant (Photo 6). 

Four all weather road networks are located within the watershed, Granite Bay, Village 
Lakes, Open Bay Main, and Valdez Roads (Map 4).

 The Granite Bay Road, located along the northwestern crest of the watershed is sited 
across the lower slopes of the ridge rising to Seymour Mountain. The first 1.5 km of the 
road, that portion where four tributaries to Open Bay Creek cross under the road, was 
field inspected. Ditches were found to drain directly into all of the tributaries draining 
roadsides 120 m, 125 m, 150 m, and 275 m in length respectively. Additionally, water 
from the western most ditch was observed on January 02, 2007 to be breaching the ditch 
and flowing both into the tributary and across Granite Bay Road, this after flowing down 
a 3 - 4 % grade (Photo 7). In all cases the ditch beds showed signs of sand (sediment) 
accumulation as did the confluence areas where the ditches flowed into the tributaries. 
There are no downstream sediment accumulations visible in the tributaries as all are 
located on > 25% slopes with two of the four tributaries having 10 -15m water falls 
occurring immediately downstream of the road crossing.

Of the remaining three roads in the watershed, only Village Lakes road, peripheral to 
Open Bay Creek, was inspected. Again, this area demonstrates significant signs of 
sediment transfer (ditches eroded 0.33 – 0.5 m deep) into Open Bay Creek, in particular a 
> 200 m ditch located on the upslope side of the road across from the Ministry of 
Highways gravel pit, on a 15 % grade. The remaining road areas may also display 
additional sediment transfer sites but were not included in this study.
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V. An Overview of the Salmonid Populations of Open Bay Creek  

Open Bay Creek (OBC) is one of fourteen known salmonid streams on Quadra Island, 
most supporting both Coho ( O. kisutch) and chum (O. keta) salmon. The Quadra Island 
Salmon Enhancement Society (QISES) attempted to establish pink salmon (O. 
gorbuscha) in Open Bay Creek in 1990 with fry outplants, but with no long term success 
(500 returned in 1992, 12 in 1994, none observed thereafter). 

Both the Dept. of Fisheries and Oceans and QISES have kept records of fall escapements 
to Open Bay Creek with the formers’ records dating back to 1971 and the latter’s to 1980 
(Appendix 1).  Similar records have been kept for four other creeks on Quadra Island 
(Village, Hyacinthe, Granite and Drew Creeks), thus allowing the comparison of Open 
Bay Creek stocks to other Quadra creeks that are similar in nature.

Certain trends appear from such comparisons. Chum numbers in most creeks on Quadra 
have varied over the years, but are still at, or relatively near, historic levels. Open Bay 
Creek chum stock number fluctuations are consistent with the rest of the Island. In 
contrast, Coho stocks have declined over the past 35 years in all enumerated streams on 
Quadra, with a particular common downward spike beginning in 1983. However, with 
the exception of Open Bay Creek, these numbers have recovered slightly since 1993 
(Chart 1). 

                                                                                                                     Chart 1.
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Open Bay Creek is an anomaly amongst the enumerated streams on Quadra as Coho 
numbers fell to none observed in 1984 and with the exception of two years thereafter, 
have never recovered to anywhere near the previous 12 year average of 122 Coho returns 
per year (Chart 2). This same downward spike coincides with similar spikes in all other 
enumerated Quadra streams.

                                                                           Chart 2.  

It appears that some major occurrence took place on, or about, 1983 that not only drove 
stocks down, but has suppressed them during the 21 years since. Possible factors 
beginning during that period include:

1. open ocean cycles – possible factor, but the sustained low numbers do not reflect 
ocean cycle patterns

2. commercial fishing – no change to Coho management plans by DFO, however a 
Johnstone Strait Chum fishery was implemented during the mid-1980’s, with 
Coho being a common by-catch. A substantial amount of work has been done 
since to modify fishing practises in order to minimize such by-catch.

3. sport fishing – no significant changes to recreational fisher numbers, or catch 
limits 

4. regional environmental – on a regional scale Coho numbers have decreased since 
the mid-eighties in the Strait of Georgia Basin, however the common drivers that 
might cause the downward trend (temperature, food availability, etc.) normally 
require years to noticeably impact fish populations. The Quadra Coho decline wae 
abrupt.

5. local environmental – the Environment Canada meteorological station at the 
Campbell River airport recorded the highest annual precipitation in 1983 since 
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records began to be collected in 1965 (1909mm). Since 1983 only one other year 
has surpassed this amount (1999 – 1986mm) (Chart 3). Additionally, a daily 
record for February rainfall occurred on February 22, 1983 - 76.5mm (3.01 in), 
with an additional 32mm of rain the day previous, totalling 108.5mm, or 4.27 
inches. Also, 98.4mm (3.9 inches) fell in a similar two day period earlier that 
same month (February 10/11). Rainfalls of these magnitudes, particularly if they 
fall on unstable soils have the potential to cause flooding, severe erosion and long 
term damage within a watershed. 

Comparisons between the 15 years of precipitation records kept to date here on 
Quadra Island versus the corresponding dates of Campbell River data show 
consistent similarities in rainfall characteristics, both temporally and amount. The 
magnitude of the storm events of February 10-11 and 21-22, 1983 in Campbell 
River likely occurred at a similar magnitude on Quadra, in the Open Bay 
Watershed.

                                                                                                           Chart 3

The amount of rain, but also its timing, can result in varying impacts on salmonids. The 
heavy 1983 rainfalls occurred in February, a period when Coho eggs are incubating in the 
creek gravels. Floods can wash eggs out of the gravels while sediments, the by-product of 
upstream failure can embed the gravels, decreasing oxygen flow to the eggs and 
potentially resulting in suffocation (Sandercock, 1991. p414). The heavy rains of 1983 
therefore had the potential to kill off a substantial portion of the year’s egg production. 
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Residual fines could also impact the gravels and sub-surface water (oxygen supply) for 
many years thereafter (Hogan&Ward 1997. p2-5).

 Chum salmon tend to be more successful in systems with high sediment content, 
preferring to spawn in substrates with 11-30% sand, (Salo, 1991. p250) whereas Coho 
prefer “cleaner” gravels and tend to spawn rarely (<~5%) in substrate having a high 
proportion of mud, sand, or silt (Sandercock,1991. p412).
The areas within the watershed where the various species spawn will also have a bearing 
on the degree of impact sedimentation will have upon their egg hatch success. If  the 
sources of sediment input to a system are predominately in the system’s upper reaches 
and the creek’s bed slope is not sufficient to transport the sediment adequately 
downstream, then sediment accumulations will expectedly be the highest in the upper 
reaches, diminishing downstream.

Often within smaller coastal streams Coho prefer to spawn in areas of narrow stream 
widths (<1 m) and higher stream velocities ( Sandercock, 1991. p412). Documented 
studies of this nature have been consistently confirmed by the visual sightings of Quadra 
escapement counters over the past 35 years. Quadra Coho predominately spawn in the 
upstream reaches of all observed creeks. Chum salmon, however, have been consistently 
observed spawning predominately in the lower reaches of Quadra streams, often near the 
intertidal areas. 

VI. Salmonid Habitat Assessments of Open Bay Creek

Salmonid habitat assessments of Open Bay Creek have been previously conducted and 
published under two separate reports, May 2000 & March 2001, by Caroline Heim, 
RPBio. The following discussion summarises her findings. Appendices 2 & 3 contain 
more detailed field information.

Study I - Overview Fish Habitat Assessment of Open Bay Creek, Quadra Island  ,   Caroline 
Heim, RPBio., Carolla Environmental Consulting, was prepared in May, 2000 for the 
Quadra Island Salmon Enhancement Society.

Report Overview:

The report study area focused primarily upon an assessment of salmonid habitat in the 
Open Bay Creek (and tributaries), from the Village Bay Road crossing (0m), 
(339768.541N, 5559748.000E) of Open Bay Creek, upstream to the mainstem culvert 
crossing on the Open Bay Main Rd. (1313m), (339030.354N, 5560646.591E) (Map 5). 
The creek was divided into general habitat units (reaches) with each documented in detail 
including channel and wetted widths, bank height and texture, riparian description, bed 
material, instream cover, and potential for rearing and spawning. Photos of representative 
habitat types were catalogued. Locations of reach breaks and tributary confluences 
recorded in map format. Gee traps were utilized in order to determine fish presence and 
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relative density. Report data sheets are appended (Appendix 2). Copies of the report are 
available through the Quadra Island Salmon Enhancement Society.

Summary of Study Results:

1. Fish Sampling

Fifty-five Gee traps were set in all, including 14 in three of the five tributaries (two 
lacked sufficient flow). Of the 41 traps set in the mainstem 18 Coho fry and 116 Cuttroat 
trout were collected. The most upstream trapped Coho was 547m above the Village Bay 
Rd, with the average Coho size being 87mm, presumably progeny from the 1998 spawn. 
Cutthroat were trapped in the mainstem to 1241m, 72m down stream of the Open Bay 
Main Rd. and the three tributaries including the karst outflow at the headwater of Grike 
Creek (Woodlot # 1897).

2 Habitat

Reach 1 of the mainstem was identified as being from the Open Bay estuary to the 
Village Bay Rd and did not comprise a portion of this study.

Reach 2 extended from the Village Bay Rd upstream for 813m. This segment is 
“characterized by a series of beaver dams and ponds, separated by low gradient well 
defined channels with abundant spawning habitat and pool cover.” (p8).  There were 3 
active beaver ponds within the reach with Coho fry collected from each. Each beaver 
dam is therefore considered fish passable.
The first 98m of this reach as well as the areas between the dams (200-287m and 425-
547m respectively) contain the most abundant and highest quality spawning gravel of the 
entire area surveyed under this study. The channels in these areas had well defined, 
vertical stable banks between 0.8 and 1.2m in height with undercut cover and moderate to 
high quantities of large woody debris (LWD).

Reach 3 (814-941m) is characterized by braided channels with extensive gravel bars. 
“Upstream activities such as historical road failure events at the Granite Bay Road and 
Open Bay Mainline have resulted in significant introduction and transport of gravel 
downstream as far as this reach, where gravel was deposited due to comparatively low 
gradient (2%).” (p9). Spawning and rearing potential within this segment are low due to 
shallow water and weak complexity conditions. No fish were trapped within this reach.

Reach 4 (942-1313m, Open Bay Main Rd.) Slope increases upstream 2-7%. Habitat is 
principally riffle with shallow pools with low salmonid spawning and rearing potential. 
Above the Open Bay Main Rd. slopes average 15% and are considered non-salmonid 
habitat.

Tributaries – The tributaries were studied not only as part of this study, but also under an 
earlier 1996 TimberWest-funded study (Heim, 2000.). Both studies indicate the streams 
comprise only marginal salmonid habitat with several streams being ephemeral. The 
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exception is the tributary located at 813m of the mainstem. Referred to as Grike Creek in 
Benner Forestry Ltd.’s Approved Woodlot Plan #1897, this stream had greater flow than 
the mainstem at the time of field visit (early May). It extends 102m north before 
becoming subterranean flow. When studied in 2000 the confluence with the mainstem 
had “significant deposition of small gravel, which provides excellent spawning habitat for 
Cutthroat.” (p13). Bed material was documented (Habitat Survey – Various Tributaries) 
as 10% fines and 90% 2-64mm gravel. Upstream, the first 47m of Grike Creek had a 
“deep meandering channel comprised of pools and glide habitat with excellent cover 
provided by undercut banks, instream debris and deep pools. The bed material is 90% 
gravel, and provides excellent spawning opportunity for resident fish.” (p10). Thereafter 
the gradient increases to 5 then 9% and the channel narrows minimizing its potential as 
salmonid habitat. Grike Creek had the highest densities of Cutthroat in the entire sampled 
area with one trout trapped in the pool that forms the headwater subterranean 
entrance/exit.

Report Summary:

Juvenile Coho were captured in the Open Bay Creek mainstem as far as 547m above 
Village Bay road but could be present as far upstream as 813m because of the lack of 
barriers. The lack of sufficient mainstem flow above the 813m mark severely limits 
further upstream fish passage and habitat utilization.

The best quality fish habitat within the study area was found in Reach 2 (0-813m) for 
both the spawning and rearing of both anadromous and resident fish (Cutthroat trout). 
Habitat in Reach 3 (814-941m) was significantly poorer. Low flows at the time of survey 
were dispersed by braided channels comprised of deep fine gravels. Poor habitat 
conditions severely limit fish production in this area. Surface flows return in Reach 4 
(842-1313m) with little accumulations of fine gravel, due to slope and subsequent stream 
velocity. However, habitat is more suited to Cutthroat than salmonids (due to gradient) 
with virtually no spawning potential in the area.

Study II - Overview Fish Habitat Assessment of Open Bay Creek, Village Bay Lakes 
Tributaries, Hyacinthe Creek, and Granite Creeks on Quadra Island, British Columbia, 
Caroline Heim, RPBio., Carolla Environmental Consulting, was prepared in March, 2001 
for the Quadra Island Salmon Enhancement Society.

Habitat Discussion Summary:

This report’s study area focused upon an assessment of salmonid habitat in the Open Bay 
Creek (and tributaries), from the estuary (341485.687N, 5556505.862) upstream to the 
Village Lakes Road crossing of the mainstem (339768.541N, 5559748.000E) (Map 6).

The creek was inspected for the purpose of identifying discrete habitat units (reaches) 
with each to be documented in detail, including channel and wetted widths, bank height 
and texture, riparian description, bed material, instream cover, and potential for rearing 
and spawning. Field assessments indicated that habitat conditions were sufficiently 
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uniform to classify the entire study area as one reach, termed Reach 1. Photos of 
representative habitat conditions were catalogued. Location of the reach break and 
tributary confluences recorded in map format. Report data sheets are appended herein 
(Appendix 3). Tributaries were also inspected and catalogued to the point where 
salmonid passage barriers were considered to be present.

The habitat in Reach 1was considered as excellent for both spawning and rearing of 
salmonids. Heim describes the mainstem as, “Deep pools, abundant and largely stable 
LWD, frequent undercut banks, and dense overhanging shrub vegetation provide 
instream cover.” (p25). “If logging is done in a ecologically sensitive manner, then OBC 
can continue to provide valuable year round habitat for all stages of salmonids.” (p25).

Open Bay Tributary 1- only the lower 145m are accessible to salmonids due to a 
waterfall. There was no spawning gravel and little rearing habitat (465 cum) identified, 
due primarily to gradients >3%.

Open Bay Tributary 2- a cascade between 200-400m was considered to be a fish barrier. 
Below the barrier is moderate quality rearing habitat but poor spawning sites with 
gradient and aggregate sizing issues.

Open Bay Tributary 3- a waterfall was again identified on this tributary that was 
considered to be limiting salmonid access to only the lower 112m of this stream. 
Spawning gravels were limited to 30 sqm and rearing habitat to < 200 sqm. Sediment 
injection to the stream was observed during field inspections, and was originating from 
ditch leaching peripheral to the Village Bay Road.

VII. Prioritization of Sub-Basins & Reaches

Heim’s habitat assessment reports (2000, 2001) indicate that salmonid access to  
tributaries of Open Bay Creek are very limited, thus making this second order stream the  
sole target of study. No sub-basins were considered to exist within this system.

As stated in Section I, Introduction, the impetus for this study is the lack of Coho in Open 
Bay Creek over the past twenty years. The focus of the assessments in this report are to 
attempt to identify potential freshwater limiting factors to Coho production within the 
watershed. 

Section III outlined the Coho’s diverse freshwater environmental requirements. The 
discussions pointed to the spawning and incubation sites as the areas that are most 
heavily utilized, physically and temporally, by Coho since the juveniles disperse 
throughout much of the creek system shortly after emerging from the gravels. Not only 
must adequate spawning gravel be present, but it must be of adequate quality and bathed 
with a sustained quality water supply. Spawning/incubation sites must contain a correct 
range of gravel sizes, with only small amounts fine sediment in order to ensure optimum 
hatching and subterranean alevin rearing success. Water passing over and through these 
sites must be low in suspended sediments and contain adequate oxygen.
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Without quality water supplies and spawning areas, rearing habitat becomes a mute point, 
that is, if there is no juvenile production, no rearing habitat will be required. This report 
therefore points to quality spawning sites as the most critical factor to the freshwater 
production of Coho.

A review of Heim’s habitat assessments indicates that spawning gravels are available 
throughout the Open Bay Creek system, including, to a very limited extent, the lower 
portions of several tributaries. Section V of this report however indicates that Coho tend 
to utilize the upper reaches of Quadra streams for spawning purposes. This statement was 
further supported by field observations during this past spawning season as this author 
counted seven Coho spawning in Reach 2, with none observed in Reach 3 or 4. Therefore 
the additional field studies related to this report, and conducted during December 2006 
and January 2007,  focused upon Reaches 2 to 4 (Map 5) in order to further evaluate 
spawning conditions. 

VIII. December 2006, January 2007 Spawning Habitat Assessment of Reaches 2 to 4 – 
                                     a Discussion Relative to Previous Reports

 Reaches 2 to 4 can be described as colluvial reaches in that they contain a high 
percentage of  materials derived from their adjacent slopes (Hassan et al., 2005).

Section VI, Study 1 provides a summary discussion of Heim’s May 2000 habitat 
assessment of reaches 2 to 4 with Appendix 2 providing detailed habitat survey forms 
that quantify stream, bed material attributes and the riparian composition.

Heim states, in her summary (p12), that reach 2 habitat quality was high, both in 
spawning and rearing potential for anadromous fish. There was high quality habitat up to 
the first beaver pond (128m) and in the two areas in between the three ponds. (The first 
two ponds were confirmed as non-barriers to salmonids.) She summarizes reach 3 as poor 
quality because of extensive accumulations of instream gravel. The braided channels 
were so shallow as to be designated as not passable for salmonids. Reach 4 contains 
better flow, but was considered poor salmonid habitat, with no spawning habitat, 
primarily due to gradient.

Heim isolates the quality spawning habitat to reach 2. However, her survey forms 
indicate that the sub-units within these areas contain 70, 40 and 50% fines (<2mm diam. 
sediments) respectively. Visual assessments of these sites by the author during January 
2007 confirmed the fines content at these sites and, in fact, in the areas between the 
beaver ponds, sub-units 2 & 3, fines contents were significantly higher than those 
recorded by Heim,  exceeding 60% (visual estimates). 

Heim’s report appears to contain a significant contradiction since quality spawning 
areas cannot contain the levels of fine sediment (<6mm) that reaches 2 and 3 display, as  
the following section explains.
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IX  Sediment Impacts Upon Salmon Production

“Excess sediment can profoundly effect the productivity of a salmon or trout stream.” 
(Cordone and Kelly, 1961). Coho spawn and rear in the lower gradient portions of 
streams (+/- 2%), as typified in Open Bay Creek. These are the areas of greatest stream 
impact by sediment transport and deposition, taking decades to recover (where recovery 
is even
possible) (Frissell, 1992). 

Salmon lay their eggs anywhere from 15 to 60cm into the gravels depending primarily 
upon on the size of both the gravel and the female. For approximately 30-45 days the 
eggs rely upon a steady flow of clean, cold water in order to deliver sufficient oxygen. 
The alevins spend approximately another 30-60 days living within these gravels, still 
relying upon sufficient oxygen delivery. Major shifts in the gravel, or increased fine 
sediment in these gravels causes decreased survival at both stages ( Nawa and Frissell, 
1993; Koski, 1966). 

McNeil and Ahnell (1964) found that fines <0.85mm have the highest impact on 
salmonid spawning success, however, particles <6.4mm can pass through the optimal 
gravel sizes forming a blanket that can block the emergence of the alevins (Lisle, 1989). 
Kondolf (2000) states when the level of fine sediments, <6.4mm, exceeds 30% within the 
overall substrate that alevin emergence is reduced by 50%.

Fine sediments also impact fry further into their life cycle. Coarse gravels are often used 
by yearling salmonids for over wintering where protection from winter freshets is 
required. The clogged gravels can bar entry into these much needed substrates. Also, 
suspended sediments, turbidity, in the 25 ntu range, can cause a reduction in juvenile 
salmonid growth by limiting their abilities to feed, particularly during the winter when 
sediment loads are often the greatest (Sigler et al, 1984). 

To summarize, Cordone and Kelly (1961) after extensive studies of post impact 1950’s 
logging in California stated,

“More than anything else we need to develop a philosophy of land husbandry that will 
avoid the creation of untreated and running sores on the earth’s surface. Man must 
acquire a responsibility to future generations that matches the power he has gained 
through the development of heavy machinery. Our observations in the field and our 
review of the existing literature leads us to the unshakable conclusion that unless this can 
be done many of our trout streams will be destroyed by the deposition of sediment.”
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X. Conclusions

The drainages off the steeply sloped colluvial soils of the western slope of the Open Bay 
watershed have likely transported  large quantities of sediment into Open Bay Creek for 
thousands of  years. However, man’s activities in the area have exacerbated the problem. 
Hassan et al. (2005) summarize the results of numerous studies done in similar 
watersheds, with steep slopes, unstable soils and small order streams. Collectively, their 
statements indicate little has changed since Cordone and Kelly voiced their concerns four 
decades ago. Summary statements from Hassan et al, include, “ The consequences of 
harvesting related changes of streamflow are almost always confounded with changes in 
sediment mobilization due to surface disturbance and altered stability of stored 
sediment.” (p868). Further, “ Harvesting can indirectly influence sediment transfer by 
altering the hydrology of harvested basins. Road building and clearcutting can alter both 
the timing and the magnitude of storm runoff events, which can cause changes in fluvial 
sediment transport.” (p 868). The various referenced studies contained in this same report 
confirm persistent real life problems of that nature. The current hydrological failure of 
cutblock 71965 in the Open Bay watershed is another example of what these authors have 
focused their concerns upon.

Reaches 3 and 2, where stream slopes drop from greater than 20% to 2%, comprise the 
initial catch basin for sediments transported off the northwestern slopes of the watershed. 
Reach 3 is characterized by braided channels with extensive gravel bars. The upper 
portion of reach 2 contains several beaver ponds that are effectively acting as sediment 
traps such that the lower portion of the reach has an entrenched channel but still 
displaying a large proportion of fines (<6mm).

Unfortunately for the local fisheries resources, in particular Coho salmon, reaches 2 and 3 
are the focal area for their spawning, as evidenced by the few remaining fall “spawners” 
in 2006. Of all freshwater habitats, salmonids rely most heavily upon the spawning/ 
incubation sites, demanding ample amounts of quality spawning beds and quality 
supplies of water for a several month period. The field assessments of 2006/2007 
confirm that virtually all spawning sites in these reaches contain excessive amounts of  
fine materials, thus limiting the success of egg development, hatch and, later, alevin 
emergence. These conditions, then, become a significant bottleneck to Coho 
production. 

Habitat assessments conducted within the watershed over the past six years indicate few 
significant limitations upon other critical factors, such as rearing habitat, and summer/fall 
instream water availability.
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XI Recommendations

1.The unstable nature of the western slopes of the watershed needs to be recognized by 
government agencies and all organizations whose work potentially impacts the surfaces 
of these slopes. All related operational planning needs to reflect best management 
practises for the nature of the slopes found in this area with design and construction 
methods prepared to meet appropriate standards. All subsequent construction should 
stringently follow approved design.

2. Where work is performed on these slopes, a long term (30 yr+) post project monitoring 
programs should be implemented as part of  the operational planning processes. Studies 
have shown that short term, 5 to 10 year post project monitoring periods, often miss the 
25 year events that result in major slope failure (Grant and Wolff, 1991). The assessment 
of local impacts of the precipitation events of 1983 are an example of such needs.

3. It is recommended that a through inventory of point sources of erosion be conducted 
on the mainstem and tributaries of reaches 2 to 4 of Open Bay Creek, with remedial 
recommendations formulated and provided to the appropriate site management authority 
for implementation. The most effective solutions to sediment control are to address these 
specific sites rather than attempt alternative downslope remedial action (Madej, 2001: 
Croke and Hairsine, 2006).

Addressing items 1 through 3 will begin the process of cleansing Open Bay Creek of fine 
sediments and protecting slope integrity into the future however, the benefits to Coho 
salmon from these actions alone will be decades in the making. Moreover, the number of 
adult spawners is so low that the stock maybe lost all together before the spawning 
gravels are sufficiently cleansed to the point of being capable of promoting increased 
spawning numbers. The following recommendations, 4 through 6, deal with fisheries  
management options that can provide several means to hasten stock recoveries. It is  
strongly recommended that these options be considered for implementation in concert  
with recommendations 1 – 3.

 4. Heim’s 2000 study indicates that the lower portions of creek 1 has the potential to 
support salmonids, though none were observed during her field examinations. The creek 
enters the mainstem below the beaver dams, thus negating any potential fish passage 
issues. 

An initial field reconnaissance indicates the lower portions of creek 1 has the potential to 
provide spawning habitat for Coho salmon, but lacks adequate suitable spawning gravel. 
It is recommended that creek 1 be further assessed with the idea of improving the 
spawning gravel conditions. If warranted from these studies, an implementation plan 
should be developed and actioned. The concept would be to dump appropriate volumes 
and sized gravels into the creek off the Open Bay Main road and allow the winter freshets 
to deliver the gravel downstream, to the lower gradient sites. It is further recommended 
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that this work only be done in concert with an overall plan to control excess upstream 
sediment discharge.

5. The most immediate stock recovery process would be to take broodstock from the 
immediate area (within acceptable genetic boundaries), raise fry at the Quadra Island 
Salmon Enhancement facility for release into creeks one or three. These fry would 
potentially disperse throughout the system, beginning the process of filling present 
rearing habitat voids. 

This action is not recommended as a stand alone remedy since, without prior or 
concurrent spawning habitat improvements, it would become an open-ended annual 
process. Past experiences with such actions on Quadra Island have demonstrated that fry 
release programs can increase the adult return numbers for only a short period. When 
such programs were terminated spawning numbers reverted back to pre-project numbers 
within one to two Coho cycles.

This activity, as a stand alone remedial technique, would only be a “band aid” to the true 
issues, with little to no practical chance of actually remedying the existing habitat 
problems for the long term good of the resource. 

6. Finally, a long term monitoring program should accompany whatever combination of 
the above remedial actions that are put in place. Such a program would include annual 
documentation of both sediment change as well as fry and adult spawner counts. Such a 
program could be administered by the Quadra Island Salmon Enhancement Society, an 
NGO that has been active on Quadra Island for over 25 years and has been involved in 
both hatchery operations as well as various habitat programs.
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