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DISCLAIMER  
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EXECUTIVE SUMMARY 
This Overview and Level 1 Report for the Amor de Cosmos Creek, B.C. was written by 
Northwest Hydraulic Consultants Ltd. in partnership with R. Wong Consulting and V. 
Komori and Associates.  Based on the existing information, the Overview assessment 
outlines potential limiting factors to fish production and recommends priority reaches for the 
Level 1 Assessments.  Through the Level 1 Fish Habitat and Riparian Assessment, further 
qualitative and quantitative information in collected by field surveys and preliminary 
recommendations for restoration opportunities are provided.  The Level 1 prioritizes sites for 
the further Level 2 assessment and prescription phase. 

The Amor de Cosmos is a 4th order watershed draining an area of 201 km2 with a mainstem 
length of 29.1 km that flows north into Humpback Bay in Johnstone Strait.  The two major 
tributaries are Roberts Creek and the East Amor Tributary with numerous 1st and 2nd order 
tributary systems.  There are over 30 lakes within the Amor de Cosmos watershed ranging 
from 5 ha to 362 ha (Amor Lake). North of the highway the land rises with the areas of 
greatest elevation located to the west of McCreight Lake as well as to the east and southeast 
of Roberts Lake. Peaks within these areas of the watershed include Mount Kitchener (1436 
m), Needle Peaks (1430 m), and Mount Menzies (1232 m).South of Highway 19 the 
topography in the watershed is characterized by rolling hills that drop down into the many 
lake basins.  The majority of the watershed lies within the Coastal Western Hemlock (CWH) 
biogeoclimatic zone, characterized by dense coniferous forest, cool summers and wet, mild 
winters. 

A recent Hydrological Risk Assessment was completed in 2009 and determined that the 
weighted ECA rating for the watershed (excluding the upper Amor basin) is high at 22.4% 
(Warttig 2009).  Due to the moderation of numerous lakes and wetlands in the Amor de 
Cosmos watershed, this risk rating is likely not accurate (Warttig 2009).  Another indicator of 
hydrologic risk in wetted coastal areas, particularly in watershed with moderating influences 
is the location and density of roads.  The highest road density lies within the 0-300 m 
elevation area and the overall peak flow and surface erosion index is 0.65 indicating a low 
hydrologic risk.  Therefore, the cumulative hydrological risk for the Amor de Cosmos 
watershed within the Amor de Cosmos Lake Basin, Roberts Creek Basin and McCreight 
Basin as a result of forestry development is estimated to be low.  

Approximately 87% of the forested area within the Amor de Cosmos watershed has been 
harvested and is now dominated by second and third-growth stands. In the early 1900s a 
small railway network was built to remove timber in the Sayward Forest. Substantial logging 
occurred throughout the 1920s and 1930s, concentrated in areas paralleling Highway 19 and 
in the vicinity of Reach 4 and 5 of Amor de Cosmos Creek. Logging during the 1940s and 
1950s continued to be generally confined to the more easily accessible areas adjacent to fish 
bearing streams and logging activity expanded throughout the 1960s and 1970s to the steeper 
slopes of the watershed, particularly on areas above both Roberts Lake and McCreight Lake 
as well as along the slopes of the southwest drainage divide. 
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To date, impacts of forest harvesting on fisheries values include but limited to a reduction in 
instream complexity due to a reduced functional LWD frequency and altered LWD 
distribution as well as alterations to the natural diversity, structure, and function of riparian 
habitat adjacent to streams and lakes. Early logging activities utilized the lakes in the Amor 
de Cosmos watershed as log dumps and sort areas, with the remaining logging debris 
accumulating and forming large debris jams at lake outlet areas (Blackwater and Cedar 
Lakes). Logging related debris jams also formed in Roberts Creek downstream of Roberts 
Lake as well as the mainstem between McCreight Lake and the falls barrier and downstream 
of the mainline logging bridge at approximately km 2.5. The largest jam located at 
approximately km 4.5 spans the bankfull channel width (22 m) and extends for 175 m along 
the channel length  Since 1995 riparian buffers were established for forest harvesting 
activities, with fewer impacts to riparian habitat adjacent to fish bearing waters. Point sources 
of sediment associated with logging activity have been identified throughout the watershed 
but impacts at present are minor. 

The Amor de Cosmos watershed supports a total of 7 anadromous salmonid species 
including chinook (Oncorhynchus tshawytscha), chum (O. keta), coho (O. kisutch) and pink 
(O. gorbuscha) salmon as well as a winter run of steelhead (O. mykiss) with an estimated 
annual escapement of less than 50 adults. Steelhead stocks are stable at a low level and have 
been identified as having a conservation concern. Historical records also indicated the 
occasional presence of sockeye salmon and within the last decade, 500 fish recorded in 1997 
and 6 in 2005. Resident fish species in the Amor de Cosmos watershed include four species 
of salmonids including coastal cutthroat trout (Oncorhynchus clarki), kokanee 
(Oncorhynchus nerka), Dolly Varden char (Salvelinus malma) and a stocked population of 
rainbow trout (Oncorhynchus mykiss). Other fish species to utilize the system include 
naturally spawned Atlantic salmon as well as a large (estimated millions) eulachon run in 
1975. 

A total of 3.8 kilometres or 13% of the mainstem Amor de Cosmos Creek supports 
anadromous species with upstream passage for all species obstructed by a natural barrier 
consisting of a series of bedrock controlled chutes and 2 rock waterfalls that are estimated at 
9 and 10 m high. Upstream of the anadromous barrier, the distribution of resident species is 
widespread throughout the mainstem, within over 30 lakes and numerous tributary systems. 
Critical stream reaches for resident fish production have been identified in the Amor 
mainstem from McCreight Lake to Grace Lake including two lake-fed tributary systems, the 
East Amor Tributary to Farewell Lake as well as the entire length of Roberts Creek Reach 1 
and tributaries, Roberts Lake, and tributaries flowing into Roberts Lake. 

Even year pink salmon are the most abundant salmonid species and based on historical 
escapement data dating back to 1929, pink escapement to Amor de Cosmos Creek appears to 
suggest a declining trend. Historical coho escapement to Amor de Cosmos Creek also 
illustrate a declining trend between 1942 and 2008 with historical chum escapement to Amor 
de Cosmos Creek also suggesting an even stronger declining trend since 1942.  The winter 
steelhead run in Amor de Cosmos Creek has a stock trend that is considered to be stable but 
at a low level. Recent winter steelhead escapement has declined and is estimated at less than 

Amor de Cosmos Creek 
Stream Restoration Overview & Level 1 Assessment iii 



DRAFT  

50 spawners annually with the stock status considered to be a conservation concern by BC 
Conservation Foundation.   

Cutthroat trout are the most widely distributed sport fish species within the Amor de Cosmos 
watershed. Their distribution extends to tributaries with steep (23%) gradients as well as 
upstream of natural cascade and falls barriers. They utilize tributaries to lake systems to 
access critical spawning and rearing habitat until the early summer months, with recently 
emerged fry emigrating to the lakes to rear by late summer and early fall when the tributaries 
dry. 

The Amor de Cosmos watershed is reported to be potentially the most productive region for 
Columbia blacktail deer (Odocoileus hemionus columbianus) and Roosevelt elk (Cervus 
canadensis roosevelti) on Vancouver Island.  The Amor watershed also provides important 
nesting and foraging habitat for bald eagles, black bears and several other species of raptors, 
waterfowl and aquatic ducks and songbirds.  Due to combination of the large fire in 1938 as 
well as extensive forest harvesting, the Sayward Landscape Unit is dominated by 40-80 year 
old forests with old growth forest cover greater than 250 years old found predominantly in 
higher elevation areas. In low elevation areas of the Sayward Plan Area, old growth forests 
are very limited and comprise only 2% of the landbase. 

A total of 47.1 km of channel was assessed in the Amor de Cosmos watershed. Based on 
existing literature and references, in combination with reconnaissance field observations, the 
following five priority sub-basins were identified; Mainstem Reach 1A. Tributary 2.2, Reach 
1, Tributary 2.9, Reach 1, Roberts Creek, Reach 1, Mainstem Reach 5A.  These reaches 
support critical habitat for anadromous and resident fish species and were extensively 
harvested. 

Based on the Overview Assessment and brief field assessment, potential limiting factors to 
fish production in the Amor de Cosmos watershed includes but is not limited to: 

• Low frequency of functional LWD that is primarily old logging debris (without 
roots), clustered in debris jams. 

• Fish passage impairment due to perched or obstructed culvert crossings and 
accumulation of logging debris at lake outlets. 

• Lack of short-term (100 yrs) supply for LWD recruitment to the stream channel. 

• Limited abundance of good quality pool habitat. 

• Mobilization of spawning gravels from critical spawning reaches and naturally low 
gravel recruitment rates due to the abundance of lakes, wetland and marsh systems. 

The limited amount of instream cover found in anadromous and non-anadromous reaches of 
the mainstem and tributaries potentially reduces the quality and quantity of rearing and 
overwintering habitat for juvenile coho, steelhead and cutthroat trout.  Based on results of the 
Level 1 Assessment the following stream reaches are prioritized for further development of 
Level 2 restoration prescriptions. 
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• Installation of large woody debris structures in stable pool/riffle habitats within 
anadromous reaches of the Amor de Cosmos Creek mainstem and Tributaries 2.2 and 
2.9. 

• Augmentation spawning gravel and installation of large woody debris structures in 
suitable segments of Roberts Creek. 

• Evaluation of fish passage constraints at critical lake outlets as well as culvert 
crossings in Tributary 2.9 RB and 8.0 RB to improve resident fish access to 
underutilized habitat. 

Development of a stream/lake enrichment plan preceded by additional stream/lake nutrient 
analysis to confirm the nutrient status of the highest priority lakes within the middle and 
upper reaches of the Amor de Cosmos watershed. 
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1 INTRODUCTION 
The Amor de Cosmos watershed is located approximately half-way between the communities 
of Sayward and Campbell River on the central east coast of Vancouver Island. The watershed 
is part of the Sayward Provincial Forest and lies within the Strathcona Timber Supply Area 
(TSA). Logging has been a major activity in the watershed since the early 1900s, resulting in 
varying degrees of impact throughout the watershed. 

As a major tenure holder in the watershed, International Forest Products Ltd. (Interfor) has 
retained Northwest Hydraulic Consultants (NHC) through Forsite, a forestry management 
firm, to conduct a Stream Restoration Overview & Level 1 Assessment in accordance with 
standards developed for the Forest Investment Account (FIA) program. NHC has teamed 
with Rupert Wong Consulting and Komori and Associates to provide biological input. 

The Stream Restoration Overview Assessment component of the project covers the entire 
Amor de Cosmos watershed, including those areas not under Interfor tenure. The other tenure 
holders include Western Forest Products and B.C. Timber Sales. The Level 1 Assessment is 
focused on the priority reaches that were identified during the overview assessment phase. 
These priority reaches are distributed throughout the watershed but are located primarily 
within Interfor tenured lands. 

1.1 SCOPE OF REPORT 

The purpose of the overview assessment is to broadly assess the condition of watershed 
subsections, identify areas with known or suspected impaired function, and to identify sites 
for Level 1 field assessments. The Level 1 assessment refines and builds upon the initial 
information from the overview assessment in identifying impaired sites within the watershed. 
It does so by collecting further qualitative and quantitative information in field surveys. It 
also provides preliminary recommendations for restoration opportunities and prioritizes sites 
for the Level 2 assessment and prescription phase (MOE, 2008). 

The overview and Level 1 assessments were conducted to be in accordance with the FIA 
program standards as outlined in the FIA Activity Standards Document (April, 2006). These 
standards are based on previous research completed under the Watershed Restoration 
Program that developed a systematic methodology for evaluating the health of watersheds at 
various scales of investigation. The document Watershed Restoration Planning and Priority 
Setting: An Emphasis on Fish Habitat (March, 2004) is a summary of a report entitled 
Planning and Priority Setting for the Next Five Years, Phase 3 Watershed-Level Planning 
(May, 2000), which provides a structured process for completing various levels of watershed 
assessment. These documents provide valuable guidance in outlining the appropriate scope 
for the assessments as well as the required level of detail for each of the study components. 
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1.2 STUDY TEAM 

Northwest Hydraulic Consultants is the lead consultant on the team. NHC is a firm of 
consulting engineers and geoscientists specialising in river channel and watershed processes. 
The team is led by Mr. Derek Ray. P.Geo. and Ms. Tami Nicoll, G.I.T. is the primary 
investigator. Mr. Barry Chilibeck, P.Eng. provided senior technical oversight for the project. 

NHC teamed with Komori and Associates and Rupert Wong Consulting to provide biological 
input to the assessment. Ms. Violet Komori was primarily responsible for the Overview 
Assessment portion of the project while Mr. Rupert Wong, R.P.Bio. focused on the Level 1 
Assessment phase of the investigation. 

Mr. Ian Robertson of Forsite provided project management services and liaison with FIA. 
Mr. Warren Warttig was the project manager for Interfor and provided data, maps, airphotos, 
and other information for the project. 

1.3 REPORT LAYOUT 

This report includes the results of both the Overview and Level 1 investigations. The report is 
structured to present these results as a logical analytical progression. The following provides 
a summary of the report structure: 

Chapter 1 – Introduction: watershed location, report scope and study team. 

Chapter 2 – Background Information: summary description of the physical features and 
processes in the watershed. 

Chapter 3 – Overview Assessment Methodology: outline of the methodologies used to 
complete the various assessments. 

Chapter 4 – Overview Assessment Results: detailed watershed description. 

Chapter 5 – Discussion and Results: presentation of results of the Overview Assessment, 
including recommendations for setting priority reaches for Level 1 analysis. 

Chapter 6 – Level 1 FHAP: results of the Level 1 Fish Habitat Assessment Procedures. 
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2 BACKGROUND INFORMATION 

2.1 PHYSICAL FEATURES  

The Amor de Cosmos drainage is a 4th order, 201 km2 watershed bordered to the east by the 
Salmon River watershed, to the west by the Pye Creek watershed and to the south by the 
Mohun Creek and Campbell River watersheds (Figure 1). Amor de Cosmos Creek flows 
generally northward from the headwaters above Grace Lake, eventually emptying into 
Johnstone Strait. The mainstem length is approximately 29.1 km, including just over 5.7 km 
through lakes within the watershed (Figure 2). Roberts Creek is the major tributary in the 
watershed, with its headwaters upstream of Roberts Lake and joining Amor de Cosmos 
Creek at km 17.2; other unnamed tributaries of note enter at km 2.2, 2.9, 5.2 and 15.8. At 
approximately 23.5 km upstream from the mouth of Amor de Cosmos Creek the channel 
splits into two main branches, an east and a south branch. The branch continuing south is 
considered here to be the Amor de Cosmos mainstem. There are numerous lakes within the 
watershed, the majority of which are located in the southern half of the watershed with the 
important exception of McCreight Lake at km 6.6 of the mainstem. 

South of Highway 19 the topography in the watershed is characterized by rolling hills that 
drop down into the many lake basins. With the exception of small areas around Grace Lake, 
this portion of the watershed is entirely below 500 m in elevation. North of the highway the 
land rises with the areas of greatest elevation located to the west of McCreight Lake as well 
as to the east and southeast of Roberts Lake. Peaks within these areas of the watershed 
include Mount Kitchener (1436 m), Needle Peaks (1430 m), and Mount Menzies (1232 m). 

The Amor de Cosmos watershed straddles physiographic divides; the lower elevations south 
of Highway 19 represent the northernmost extension of the Nanaimo Lowland while north of 
the highway the higher elevations form part of the Seymour Arch, an uplifted area that 
demarcates the boundary between the Hectate and Georgia Depressions (Holland, 1976). The 
watershed was heavily glaciated during the Pleistocene glaciation which ended 
approximately 10 000 years ago (Ryder et al., 1991). The upper limit of glaciation in the area 
would have been approximately 1900 m (Ryder et al., 1991), overtopping the highest peaks 
in the watershed. The rounded summits found within the watershed reflect the erosive force 
of this large ice sheet as it flowed through the area. 

The majority of the watershed lies within the Coastal Western Hemlock (CWH) 
biogeoclimatic zone, characterized by dense coniferous forest, cool summers and wet, mild 
winters. Low-lying areas of the watershed are within the very dry maritime subzone (CWH 
xm2) grading into moist maritime sub-montane (CWH mm1) and montane subzones (CWH 
mm2) with elevation gain. The most common forest species in this zone tends to be Western 
hemlock, Douglas Fir and Western redcedar. Areas in the watershed above approximately 
950 m elevation are within the Mountain Hemlock moist maritime biogeoclimatic zone (MH 
mm1). This zone is characterized by short, cool summers and long, wet winters with heavy 
snowpack. Vegetation tends to be dominated by Mountain hemlock, amabilis fir and yellow 
cedar. Within the watershed this zone is confined to areas of higher elevation on the flanks of 
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Mount Roberts west of McCreight Lake and areas around Mount Menzies east of Roberts 
Lake.  

2.2 CLIMATE AND GENERAL HYDROLOGY 

2.2.1 HYDROLOGICAL ANALYSIS 

The purpose of the hydrological analysis is to characterize the typical annual hydrograph as 
well as to quantify the magnitude of the expected flood events having various return periods. 
While many factors ultimately influence river flow, including geology, general climatic 
conditions, topography, forest cover and land-use activities, the amount and timing of 
individual flow events will depend largely on antecedent moisture conditions in the 
watershed and the intensity and duration of precipitation events. The numerous lakes present 
in the Amor de Cosmos watershed would tend to have a moderating influence on discharge 
events. 

There is no record of direct measurement of flow in Amor de Cosmos Creek or any of its 
tributaries. Instead, records of flow measured from nearby watersheds must be used to 
estimate flows in the un-gauged basin of interest. There are five Water Survey of Canada 
(WSC) stations on the east coast of Vancouver Island in the general vicinity that are thought 
to be reasonably representative of conditions expected in Amor de Cosmos Creek. These 
stations were chosen based on relevant location and period of record and are listed in Table 
1. Calculation of flows for the design watershed is based on the assumption that unit 
discharge (m3/s/km2) and area (km2) have a power function relationship for all series of flows 
including minimum, mean and flood flows. 

Three of these stations were included in a previous hydrological analysis of east coast 
Vancouver Island stations for the Vancouver Island Highway Project (NHC, 1990) that 
included analysis of flows up to 1990. Stations 08HD006, 08HD015, and 08HF004 showed 
an increase in Mean Annual Discharge (MAD) of 2.3%, 9.1%, and 4.1% respectively when 
the analysis includes data up to 2006. 

Historical daily, extreme and mean discharges for the WSC Stations were extracted from 
HYDAT CD-ROM data for the period of record for each station. The logarithmic 
transformations of area and unit discharge were plotted, and the slope-intercept values were 
calculated to derive the power coefficients of the assumed relationship.  

2.2.2 MEAN ANNUAL HYDROGRAPH 

The mean annual hydrograph was calculated by plotting the average flow of record for each 
day of the year. Figure 3 shows the mean annual hydrograph for each of the five 
representative watersheds. As with many of the coastal watersheds in BC, the general annual 
trend in flows is to have the lowest-flow period during the summer in late June to early 
September with flows rising through September in response to early fall rain events. The 
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highest flow period of the year occurs between October to early January in response to the 
onset of the rainy season that is dominated by a series of low-pressure systems tracking 
eastwards across the Pacific Ocean. Peak flows correspond to the most intense of these 
systems and are often associated with a warming trend that can melt the thinner early-season 
snowpack, particularly in the mid-elevation band between 300 m and 800 m elevation. Most 
watersheds have a mid-winter low-flow period from late January to late February when 
temperatures are at a minimum and precipitation at higher elevations falls as snow. Warming 
temperatures through the spring combined with regular, but less intense rainstorms typically 
result in a period of sustained moderate flows that drop off to the summer low-flow period 
through June as the snowpack in the watershed recedes to the highest elevations. 

We would expect that the mean annual hydrograph for Amor de Cosmos Creek would have a 
similar overall pattern. However, some variance would be expected because of the large 
number of lakes in the watershed relative to the area of the watershed. Temporary lake 
storage would tend to dampen the peaks in the hydrograph but supplement flows during the 
drier summer period. In addition, the topography of the basin is generally lower and would 
not tend to favour a large winter snowpack over most portions of the watershed. 

2.2.3 MEAN ANNUAL DISCHARGE 

Mean annual discharge in the Amor de Cosmos watershed was estimated to be 9.0 m3/s for 
the total basin area. This is similar to the value of 9.2 m3/s estimated by the British Columbia 
Conservation Foundation (BCCF 2006). This estimated value, when divided by the 
watershed area, gives an equivalent mean annual precipitation (MAP) of 1415 mm, which is 
acceptable considering forest cover and losses. 

2.2.4 MEAN MONTHLY FLOWS 

Historical mean monthly flows (MMF) were calculated for each of the five representative 
watersheds based on historical data taken from the HYDAT CD-ROM. The MMF for each 
station was normalised against the calculated MAD to generate a ratio of MMF:MAD 
expressed as a percentage. These were transferred to the Amor de Cosmos watershed by 
multiplying each monthly ratio by the calculated MAD for the subject watershed. The results 
are presented in Figure 4. 

2.2.5 FLOWS OF INTEREST 

Estimation of flood flows and the recurrence interval, or return period, requires statistical 
analysis of data from a gauged site within the watershed or regression analysis from a series 
of stations where flow records for the subject watershed are not available. In the absence of 
flow data for Amor de Cosmos Creek, statistical analysis was performed on the five 
representative WSC Stations using HYDROFREQ, a software package developed by Hydro 
Tools Software. This program checks the data and calculates common hydrological statistical 
distributions similar to the Environment Canada software, CFA. The available theoretical 
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probability distributions include Generalized Extreme Value (GEV), 3-parameter Lognormal 
(LP3), Log Pearson Type III (LP3), and the Pearson Type III (P3). Graphical plots are 
examined to determine the most appropriate distribution for the data recorded at each station. 
The calculated return flow is averaged across the estimates returned by each distribution, as 
appropriate. 

In order to calculate instantaneous flood discharges, instantaneous events were sorted and 
extracted with maximum daily flows occurring on the same day. The ratio of instantaneous to 
daily discharges (I/D) was calculated by log transforming the data and calculating the factors 
of the power function between daily maximum and instantaneous maximum discharge per 
unit area. Results of the transformation and analysis provide a general relationship for 
instantaneous maximum flow (IMF) to maximum daily flows (DMF). For the purposes of 
determining peak instantaneous flows from maximum daily estimates, an I/D factor of 1.5 is 
suggested for Amor de Cosmos Creek.  

Caution must be extended to the utility of large return period estimates for minimum, 
maximum daily flow data and instantaneous data calculated by these methods as the data sets 
are relatively small, there are wide confidence intervals and there is unaccountable 
uncertainty in transferring gauged flow data from one watershed to another ungauged 
watershed in different geographic locations having different physiographic characteristics. 
Table 2 summarizes the estimated flood flows and unit run-off for the watershed. 

Estimation of minimum flows and the recurrence interval, or return period, requires the 
statistical analysis of data from a gauged site within the watershed or regional or regression 
analysis from a series of stations. With no gauging records in the Amor de Cosmos 
Watershed, there is no data to examine flows or calculate minimum flows. The 7-day interval 
minimum flows were calculated for the various watersheds and then a regional analysis was 
performed. 

The annual 7-day low-flow was estimated to be 0.63 m3/s, or approximately 7 % MAD based 
on regression analysis. However, the large number of lakes in the Amor de Cosmos 
watershed would tend to supplement discharge during low-flow periods from temporary lake 
storage. For example, the normalised 7-day low-flows measured at the Nimpkish River 
gauge, which is fed by a significantly large lake, is more than 50% higher than the average 
for the five representative stations. We have therefore adjusted our estimates for the 7-day 
low-flow to 0.81 m3/s, or approximately 9 % MAD, which is still somewhat less than 10% 
MAD, commonly thought to be a critical stream flow for instream aquatic organisms. The 
representative watersheds chosen for this study have two low flow periods: low winter flows 
due to freezing temperatures and precipitation in the form of snow, and low summer flows in 
later summer and early fall when snow melt has finished and no rainfall occurs. The mean 
annual flood was 119.7 m3/s. This value is somewhat higher than the 1:2 flood flows, but 
approximate given the data analysis. The annual flood is many times greater than the mean 
annual discharge, which is common for most watersheds on Vancouver Island. Table 3 
provides the summary flow statistics for the Amor de Cosmos watershed. 

The critical period stream flow (CPSF) is equal to the 30 day low flow through what is 
biologically considered the viable instream fish growing period in river systems. Generally, 
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fish feeding and growth occurs when stream water temperatures are greater than 5°C – 
typically spring through early fall – when air temperatures dominate heating and cooling 
effects. The calculated CPSF for Amor de Cosmos Creek was 2.3 m3/s or 25 % MAD. 
Rearing flows for salmonids in the Pacific Northwest of between 20 - 30 % MAD are 
considered optimal, based on biological studies and professional judgement. 

2.3 GEOLOGY AND SLOPE STABILITY 

The bedrock geology of the area consists of volcanic and intrusive rocks from the Mesozoic 
Era (Figure 5). The majority of the watershed is underlain by basaltic volcanic rocks of the 
Karmutsen Formation dating from the Triassic Period. These volcanic rocks are generally 
pillow lavas, breccias and tuffs with minor limestone lenses (Massey et al., 2005). The 
bedrock in the northeast corner of the watershed is composed of unnamed granodioritic 
intrusive rocks from the Cretaceous Period. There is also a very minor area (~1 km2) of 
granodiorite in the western corner of the watershed by Highway 19. Both the volcanic and 
intrusive rocks can be classified as relatively ‘hard’ rocks and resistant to erosion. Three 
unclassified fault-lines are identified within the watershed (Massey et al., 2005). One fault 
runs along an approximate north-south line connecting Amor Lake, Mud Lake, Roberts Lake 
and Pye Lake. The remaining two fault-lines run generally east-west, the first connecting 
Stella, Pye and McCreight Lakes while the third fault-line parallels Highway 19 through the 
watershed. 

Reconnaissance level terrain stability mapping for the watershed is available through the 
Campbell River Forest District. Identified areas of unstable and potentially unstable terrain 
are found north of Highway 19, particularly on the steep slopes above Roberts Lake and 
McCreight Lake. These steep slopes are generally characterized by thin soils with exposed 
bedrock and minor colluvial deposits. An overview flight of the area on September 22, 2008 
revealed no evidence of major slope failures within the watershed or upslope areas with large 
sediment accumulations. The combination of resistant bedrock, an overall lack of steep 
slopes and an absence of large sediment sources result in the relative stability of the Amor de 
Cosmos watershed, particularly when compared to other coastal watersheds that generally 
have greater areas of steeply sloping terrain coupled with high sediment availability as a 
result of past and present glacial activity.  

2.4 VEGETATION 

The vegetation within the watershed consists primarily of Douglas fir (Pseudotsuga 
menziesii) and Western hemlock (Tsuga heterophylla) with Western redcedar (Thuja plicata) 
a common tertiary species. Within the lower-lying regions of the watershed south of 
Highway 19 stands tend to be dominated by Douglas fir with Western hemlock secondary in 
abundance. North of Highway 19 to the west as well as south of McCreight Lake stands are 
predominately Western hemlock with Western redcedar. Sitka spruce and Western white pine 
(Pinus monticola) are a common minor stand component. Mountain hemlock (Tsuga 
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mertensiana), yellow-cedar (Chamaecyparis nootkatensis) and amabilis fir (Abies amabilis) 
are common in the small areas of higher elevations within the watershed located west and 
northeast of McCreight Lake and to the east and southeast of Roberts Lake. Lodgepole pine 
(Pinus contorta) is also found at these higher elevations. Red alder (Alnus rubra) is common 
on recently disturbed areas within the watershed such as harvested cutblocks and along 
roadways; it is also common in the valley flats of Amor de Cosmos Creek and Roberts 
Creek. Bigleaf maple (Acer macrophyllum) is found beside Amor de Cosmos Creek near its 
mouth. 

Common shrub species include salmonberry and ninebark in low elevation, frequently 
flooded areas with swordfern, red huckleberry and salal common in higher elevation 
floodplain habitat. Salmonberry, swordfern and thimbleberry are also commonly found 
within the coniferous forest understory. 

2.5 LOGGING HISTORY 

The gentle topography of the region affords relatively easy access and logging began in the 
Sayward Forest as early as 1889 (MOF, 2008). Approximately 87% of the forested area 
within the Amor de Cosmos watershed has been harvested and is now dominated by second 
and third-growth stands. In the early 1900s a small railway network was built to remove 
timber in the Sayward Forest. Remnants of that infrastructure exist today with washouts and 
stream blockages reported at many of the tributary crossings (Lough, 2000) and relic sections 
of the trestles still in place along the east shore of McCreight Lake. Many of the lakes within 
the watershed were used as log dumps and sorts during past harvesting operations, creating 
large debris jams that remain at many of the lake outlets including Cedar, McNair and 
Blackwater Lakes. 

Although forestry operations began in the 1890s, by 1920 just over 6 km2 had been harvested 
in easily accessible, low-elevation areas (Figure 6). Substantial logging occurred throughout 
the 1920s and 1930s, concentrated in areas paralleling Highway 19 and in the vicinity of 
Reach 4 and 5 of Amor de Cosmos Creek (Figure 7). Detailed harvesting by decade is 
described and mapped in Warttig (2009).  

Logging during the 1940s and 1950s continued to be generally confined to the more easily 
accessible areas adjacent to fish bearing streams. Cutblocks were located in areas north of 
McCreight Lake including within the riparian zone of Reach 1B of Amor de Cosmos; along 
Highway 19; in Reach 5A and 5B of Amor de Cosmos Creek; and near Amor, Blackwater, 
Mud and Grace Lakes in the upper watershed.  

Logging expanded throughout the 1960s and 1970s to the steeper slopes of the watershed, 
particularly on areas above both Roberts Lake and McCreight Lake as well as along the 
slopes of the southwest drainage divide. Much of the riparian zone within Reach 2 of Amor 
de Cosmos Creek was logged during the 1970s.  

Cutblocks in the 1980s and 1990s were located throughout the watershed although chiefly 
concentrated in the lower half of the watershed. Logging since 2000 has been concentrated in 
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areas close to Highway 19, along reach 5A and 5B of Amor de Cosmos Creek, and in the 
northwest of the watershed although isolated cutblocks exist through much of the area.  

To date, impacts of forest harvesting on fisheries values include loss of the natural diversity, 
structure, and function of riparian habitat adjacent to streams and lakes. Early logging 
activities utilized the lakes in the Amor de Cosmos watershed as log dumps and sort areas, 
with the remaining logging debris accumulating and forming large debris jams at lake outlet 
areas (Blackwater and Cedar Lakes) (Lough 2000). Logging related debris jams also formed 
in Roberts Creek downstream of Roberts Lake as well as the mainstem between McCreight 
Lake and the falls barrier and downstream of the mainline logging bridge at approximately 
km 2.5. The largest jam located at approximately km 4.5 spans the bankfull channel width 
(22 m) and extends for 175 m along the channel length (Photo 10). Debris jams at lake 
outlets and within stream channels can restrict the passage of fish, particularly during 
seasonal migrating between critical spawning and rearing habitat. These jams also restrict 
natural stream flow patterns. Since 1995 riparian buffers were established for forest 
harvesting activities, with fewer impacts to riparian habitat adjacent to fish bearing waters.  

A recent Hydrological Risk Assessment was completed in 2009 and determined that the 
weighted ECA rating for the watershed (excluding the upper Amor basin) is high at 22.4% 
(Warttig 2009). Due to the moderation of numerous lakes and wetlands in the Amor de 
Cosmos watershed, this risk rating is likely not accurate (Warttig 2009). Another indicator of 
hydrologic risk in wetted coastal areas, particularly in watershed with moderating influences 
is the location and density of roads. The highest road density lies within the 0-300 m 
elevation area and the overall peak flow and surface erosion index is 0.65 indicating a low 
hydrologic risk. Therefore, the cumulative hydrological risk for the Amor de Cosmos 
watershed within the Amor de Cosmos Lake Basin, Roberts Creek Basin and McCreight 
Basin as a result of forestry development is estimated to be low.  

2.6 EXISTING ANADROMOUS FISHERIES VALUES 

The Amor de Cosmos watershed supports a total of 7 anadromous salmonid species 
including chinook (Oncorhynchus tshawytscha), chum (O. keta), coho (O. kisutch) and pink 
(O. gorbuscha) salmon as well as a winter run of steelhead (O. mykiss) with an estimated 
annual escapement of less than 50 adults. Steelhead stocks are stable at a low level and have 
been identified as having a conservation concern (BCCF 2006). Historical records also 
indicated the occasional presence of sockeye salmon and within the last decade, 500 fish 
recorded in 1997 and 6 in 2005 (FOC 2008). The Amor de Cosmos system also produces 
coastal cutthroat trout (O. clarki), Dolly Varden char and a resident population of rainbow 
trout (O. mykiss) (Lough 2000) 

2.6.1 DISTRIBUTION 

A total of 3.8 kilometres or 13% of the mainstem Amor de Cosmos Creek supports 
anadromous species with upstream passage for all species is obstructed by a natural barrier 
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consisting of a series of bedrock controlled chutes and 2 rock waterfalls that are estimated at 
9 and 10 m high (Lough 2000, Wightman et al. 1998). Efforts to investigate the feasibility of 
constructing a bypass to provide access for anadromous species through the barrier falls at 
km 3.8 have been investigated since 1948. Even with a short anadromous section, the creek is 
considered to have a relatively high ST productivity of 150 g/m2 (BCCF, 2006) with an 
estimated mean annual discharge of 9.0 m3/s. 

There are several 1st and 2nd order tributaries that enter the mainstem Reach 1A from both the 
left and right banks that support anadromous salmonids in the lower reaches along the 
floodplain area. Fish distribution in Tributary 2.2 extends for 1.5 kilometres to a series of two 
falls measuring 4 and 12 m high as well as the lower 900 m of the tributary located at 
approximately km 1.4 RB (Figure 8). 

Upstream of the anadromous barrier, the distribution of resident species is widespread 
throughout the mainstem, within over 30 lakes and numerous tributary systems (Figure 8). 
Critical stream reaches for fish production have been identified in the Amor mainstem from 
McCreight Lake to Grace Lake including two lake-fed tributary systems, the East Amor 
Tributary to Farewell Lake as well as the entire length of Roberts Creek Reach 1 and 
tributaries, Roberts Lake, and tributaries flowing into Roberts Lake. More details are 
illustrated in the Sayward Land Use Plan Landscape Maps 
(http://ilmbwww.gov.bc.ca/slrp/srmp/coast/campbell_river/sayward.htm). 

An extensive lake and stream inventory project sampled and mapped resident fish 
distribution within the Amor de Cosmos watershed (Lough 2000). During review of the 
baseline data, some inconsistencies between current stream classification maps used by the 
forest industry relative to fish sampling results/distribution as identified in Lough (2000) and 
the Sayward Land Use Plan were noted (Table 4). 

A total of 38 partial or complete barriers to fish migration were identified in the Amor de 
Cosmos watershed by Lough 2000 with major year round barriers to fish migration 
illustrated in Figure 8. Many of the obstructions prevent upstream fish migration during low 
to moderate flows (Lough 2000).  

2.6.2 ESCAPEMENT 

Even year pink salmon are the most abundant salmonid species and based on historical 
escapement data dating back to 1929, pink escapement to Amor de Cosmos Creek appears to 
suggest a declining trend (Figure 9). The average annual escapement between 1930 - 1974 
(17 years) was 64,800 spawners. For a similar period of record between 1976 - 2006, the 
average annual escapement is lower at 20,200 spawners. The historical peak occurred in 
1974 at 130,000 spawners (Appendix A). The even year pink run in lower Amor de Cosmos 
Creek was once a major producer for the Johnstone Strait fishery (C.W. Shinners 1980). The 
run size declined rapidly from 130,000 in 1974 to18,000 in 1978, along with a general 
decline of pink stocks in all Georgia Strait pink stocks in Area 12 and 13 (Lemmen 1979). 
However, since 2002, the last 3 even pink cycle years have illustrated strong returns ranging 
from 40,000 to 62,900 spawners (Figure 9). 
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The reliability of salmon escapement data is highly variable, depending on the species, 
enumeration method, and variations in stream conditions, river size and access. Establishing 
trend data from historical escapement data is further complicated by changes in enumeration 
methodology and varying effort over time. Changes of 5 fold or greater in time series 
estimates are generally useful as indicators of trends in spawner abundance (Godbout 1999). 
In general, escapement estimates for pink salmon in Amor de Cosmos Creek are likely more 
accurate due to moderate water levels and better visibility. During the fall and early winter, 
enumeration of coho and chum is more difficult due to higher stream flows, unsafe 
snorkeling conditions and reduced visibility. 

Escapement records in Amor de Cosmos Creek during the late 1970s were very accurate with 
FOC staff onsite walking the lower river as well as overseeing the operation of an 
enumeration fence during 1976 and 1977 (Anon 1976/77). As a result of declining stocks, the 
commercial fishery was reduced and limited to one day per week to ensure sufficient 
escapement to the Bear River. By 1979, N. Lemmon, District Supervisor for FOC in 
Campbell River, recommended and requested an enhancement program to restore the pink 
stock to historical levels in the Bear River (Lemmen 1979).  

The A-Tlegay Fisheries Society has been collecting accurate escapement information in 
coordination with FOC stock assessment personnel. Between early August and mid-
December the stream is enumerated by 2 - 4 observers from the A-Tlegay fisheries program 
with typically 8 (but up to 16) site inspections undertaken per season between 1998 – 2003. 
Site inspections utilize a combination of methods that include stream walks, snorkel surveys 
and bank walks. 

Historical coho escapement to Amor de Cosmos Creek appears to illustrate a declining trend 
between 1942 and 2008 (Figure 10). There is almost a 6 fold difference between the average 
annual coho escapement between 1930 – 1974 (34 years) at 449 spawners in comparison to a 
similar period of record between 1976 – 2006 when the average annual escapement is lower 
at 76 spawners. The historical peak occurred in 1967 at 1500 spawners (Appendix A). As 
mentioned previously, the accuracy of estimating coho and chum escapement is more 
difficult during the fall and early winter, due to higher stream flows, unsafe snorkeling 
conditions and reduced visibility. 

Historical chum escapement to Amor de Cosmos Creek also appears to illustrate an even 
stronger declining trend since 1942 (Figure 11). The average annual chum escapement 
between 1942 – 1974 (34 years) was 1329 spawners with a 12 fold difference for a similar 
period of record between 1976 – 2006 when the average annual escapement was 158 
spawners. The historical peak occurred in 1946 and 1948 at 130,000 spawners (Appendix A).  

The winter steelhead run in Amor de Cosmos Creek has a stock trend that is considered to be 
stable but at a low level. Recent winter steelhead escapement has declined and is estimated at 
less than 50 spawners annually with the stock status considered to be a conservation concern 
by BC Conservation Foundation (BCCF 2002+). Steelhead catch and effort data based on 
provincial steelhead harvest analysis data reports a long-term mean annual catch of 162 
between 1968 and 1996 (BCCF 2002+). However, the sports fishery has been closed since 
1999/2000 for conservation concerns (see the Amor de Cosmos Watershed Adult Assessment 
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graph at http://www.bccf.com/steelhead/focus3.htm). Snorkel surveys in 2001 and 2000 
observed less than 13 fish over 3 kilometres surveyed (BCCF 2002). 

2.6.3 RUN TIMING 

Pink are the earliest species to arrive in the system in August with coho observed by late 
August unless low water levels delay migration into the river. Spawners typically hold in the 
bay and estuary as well as the lower 100-250 m of the mainstem depending on water levels 
(A-Tlegay 2008). By mid-September a significant portion of the pink run is onsite with fish 
observed migrating into the river and captured through the fence between September 19 and 
October 27 in 1976. Small numbers of chinook and coho are also observed in the river by this 
time. By early October to early December, chum spawners are present in the river as well as 
coho spawners whose presence extends into mid-December 

In 1975 a natural pink fry timing study was undertaken using fyke nets with two trapping 
sites established immediately downstream of Tributary 2.2 and another site in the lower river 
at the fence site (approximately 0+100 m). The two sites were fished at night between April 
22 until May 21, with the lower site capturing so many fry that the nets were collected and 
reset every 30 minutes. Results indicated that the out-migrating fish were distributed evenly 
across the channel and peak migration occurred with the first 2 hours of darkness with one-
half to one-third of the total migration generally occurring prior to midnight (Anon. 1975). 

Pink spawners returning to Amor de Cosmos Creek appear to migrate over a longer period 
that usual with adults moving through the fishery over a period of four to six weeks. This 
strategy likely increases their ability to survive periods of intense fishing patterns (Lemmen 
1979). Pink spawn from the end of September to mid-November primarily in the lower 2 
kilometres. A small proportion of pink salmon spawn upstream of the mainline bridge 
between km 2 and 3 (A-Tlegay 2008). 

Chum salmon migrate into the river by late October and spawn from mid-November to early 
December (SISS). Chinook and coho arrive by the 3rd week of Sept (A-Tlegay 2008) with 
chinook spawning by late September to mid-October. Coho spawn later during mid-October 
to mid-November. 

2.6.4 OTHER FISH SPECIES 

During the spring of 1975, a large run of eulachon (Thaleichthys pacificus) were observed in 
Amor de Cosmos Creek during May. The run started to arrive in the lower river on May 6 - 7 
and by May 15, millions of eulachon were observed in Amor de Cosmos creek up to the 
hatchery (Anonymous, 1975). There is no record of the eulachon observed in Amor Creek 
since 1975.  

During 1997 and 1998, adult Atlantic salmon that had escaped from aquaculture operations 
in Johnstone Straight successfully spawned in Amor de Cosmos Creek. Wild spawned 
Atlantic juveniles were first observed in the river in July 1999 with 42 juveniles of two age 
classes observed during snorkel surveys. The presence of Atlantic juveniles generated 
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concerns regarding inter-specific competition with Native salmonid species in Amor Creek. 
No juvenile Atlantics were observed during 2002 surveys but concern for colonization of 
Atlantics has not diminished (BCCF 2002). 

Bear Creek supports a significant population of Dolly Varden char in the anadromous 
reaches of the mainstem and Tributary 2.2. Counting fence records report 160 adults 
migrating through the fence between July 15 and October 23, 1977 (Anon 1976/77). 

2.7 EXISTING RESIDENT FISHERIES VALUES 

2.7.1 LAKES INVENTORY 

There are at least 30 lakes within the Amor de Cosmos watershed that range in size from less 
than 5 ha up to Amor Lake that encompasses 362 ha (Lough 2000). As part of the Sayward 
Landscape Unit Planning process, a lakes inventory was undertaken that identified fish 
species, genetically unique populations, important spawning habitat and sports fishery 
capability (MOF et. al. 2003). Based on the inventory data, lakes within Sayward Landscape 
Unit, including the Amor de Cosmos watershed, have been placed into 5 classes: 

 
1. Genetic Refuge 

2. Unique species assemblage 

3. Quality Fishery 

4. Hatchery Augmented 

5. General Fishery 

 
Within the Amor watershed, there are 3 lakes designated for genetic refuge (McNair, Sali and 
Notch Lake). These lakes are identified for special management to protect rare or genetically 
isolated populations of fish species (MOF et. al. 2003). As well, there are 4 lakes within the 
study area identified as having a Unique Species Assemblage (Blackwater, Farewell, Amor 
and Surprise Lakes). These lakes support rare or unique assemblages of two or more fish 
species including cutthroat/Dolly Varden char or cutthroat/kokanee. In addition to these 
ecologically unique lake systems, there are over 15 additional lakes identified for the Quality 
Fishery, Hatchery Augmented and General Fishery categories, reflecting the high value of 
recreational fishing in the study area. Objectives for riparian management and fisheries 
management are outlined in the Sayward Landscape Unit Plan. 

The Sayward LUP also identified “Critical Spawning Reaches” in the upper Amor de 
Cosmos mainstem and Roberts Creek (see the Lake and Stream Landscape Map at 
http://ilmbwww.gov.bc.ca/slrp/srmp/coast/campbell_river/sayward.htm). The objective of 
these areas is to sustain both water quality and quantity as well as spawning gravels.  
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2.7.2 SPECIES COMPOSITION AND DISTRIBUTION 

Resident fish species in the Amor de Cosmos watershed include four species of salmonids 
including coastal cutthroat trout (Oncorhynchus clarki), kokanee (Oncorhynchus nerka), 
Dolly Varden char (Salvelinus malma) and a stocked population of rainbow trout 
(Oncorhynchus mykiss)(Lough 2000). Other resident species include the three spine 
stickleback (Gasterosteus aculeatus), western brook lamprey (Lampetra richardsoni) as well 
as the prickly sculpin (Cottus asper) and slimy sculpin (Cottus cognatus) (Lough 2000). 

Cutthroat trout are the most widely distributed sport fish species within the Amor de Cosmos 
watershed (Lough 2000). Their distribution extends to tributaries with steep (23%) gradients 
as well as upstream of natural cascade and falls barriers as described in Appendix H. They 
utilize tributaries to lake systems to access critical spawning and rearing habitat until the 
early summer months, with recently emerged fry emigrating to the lakes to rear by late 
summer and early fall when the tributaries dry. Within the Amor watershed, cutthroat 
spawning takes place over an extended period from early May to early August (Lough 2000). 
Cutthroat are repeat spawners and typically start to spawn at age 3. Lake outlets and lower 
reaches of inlet streams provide important spawning and rearing habitat for coastal CT and 
prickly sculpin (Lough 2000).  

A unique population of cutthroat trout in Sali lake located upstream of McNair lake in the 
Roberts Creek sub-basin are feeding on poisonous rough skinned newts (Taricha granulosa). 
This population has developed a tolerance to the protective toxicity of the newts and are 
known for their large size at age (Lough 2000). 

Another unique situation is the presence of land locked sockeye salmon known as kokanee in 
the Amor watershed. Historical surveys confirm the presence of kokanee in McCreight, 
Blackwater, Farewell, Amor, Surprise and Roberts Lakes (Lough 2000). Historical records 
also confirm the presence of Dolly Varden char in McCreight and Roberts Lake with these 
systems also supporting a co-existing population of cutthroat trout (Lough 2000). Non 
anadromous Western Brook Lamprey were captured in tributary streams to McCreight and 
Roberts lakes (Lough 2000). 

Fish distribution within the watershed is also determined by seasonal flows and passage 
through seasonal barriers. During the late summer and fall, several lake and mainstem 
tributaries support salmonids over the winter and into early summer. However, these systems 
will dry during the summer and early fall and therefore fish passage from the seasonally 
wetted habitat to year round habitat is critical to sustain these localized populations. Beaver 
dams, sediment wedges and LWD accumulations at lake outlets all have the potential to limit 
fish passage between critical spawning and rearing habitat during periods of low flows.  

Resident fish distribution in the Amor watershed is also limited by natural barriers including 
a series of barrier falls in the East Amor Tributary located approximately 2.5 kilometres 
downstream of Farewell Lake consisting of a 10’ high fall and two 7’ falls (Lough 2000, 
Stream Survey Form 1972).  
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2.7.3 RECREATIONAL FISHING 

The abundance of lakes and recreational sites within the study area supports a very popular, 
high value drive in recreational fishery at Amor, Cedar, Farewell, McCreight, Roberts, 
Surprise and Twin Lakes. Hike in access to high quality sportsfishing opportunities are 
available at Chain, McNair, Tincan, Trefoil and Sali Lakes (Lough 2000). In 1989, a study 
undertaken by MELP estimated that a total of 4014 angler days were spent fishing in the 
large named lakes within Amor de Cosmos watershed (MELP 1998). 

Roberts Lake is regularly stocked with Rainbow trout and anglers from the Roberts Lake 
Resort have captured cutthroat trout in excess of 3 kg (Lough 2000). A fish of that size would 
be 6+ years old according to a summary of lake at age data compiled by Lough (2000). In 
general, mean fork lengths of CT are larger in the lake systems relative to stream systems 
(Table 5). 

Historically, the anadromous reach supported a sport fishery for winter steelhead with angler 
days reaching a maximum of 597 days in 1977 (Lough 2000). However, due to declining 
stock status the steelhead fishery has been closed since 1999/2000 (BCCF 2002). 

2.8 WILDLIFE 

The presence of over 30 lakes and numerous wetland/marsh systems within low relief terrain 
in the middle and upper reaches of the Amor de Cosmos watershed is a unique feature for 
east coast of Vancouver Island watersheds. These lakes range in size from 5 ha to 362 ha 
(Amor Lake) and provide valuable habitat for fisheries, wildlife and amphibians. The Amor 
de Cosmos watershed is “reported to be potentially the most productive region on Vancouver 
island for Columbia blacktail deer (Odocoileus hemionus columbianus) and Roosevelt elk 
(Cervus canadensis roosevelti)” Diggle and Addison 1977 in Lough (2000). The Amor 
watershed also provides important nesting and foraging habitat for bald eagles, black bears 
and several other species of raptors, waterfowl and aquatic ducks and songbirds. 

Due to combination of the large fire in 1938 as well as extensive forest harvesting, the 
Sayward Landscape Unit is dominated by 40-80 year old forests with old growth forest cover 
greater than 250 years old found predominantly in higher elevation areas (MOF et. al. 2003). 
In low elevation areas of the Sayward Plan Area, old growth forests are very limited and 
comprise only 2% of the landbase. 

2.8.1 OLD GROWTH MANAGEMENT AREAS/VISUAL COVER AREAS 

As part of the Sayward Landscape unit Plan, approximately 7000 ha or 10% of the landbase 
has been delineated as Old Growth Management Areas (OGMA) and thereby not available 
for commercial timber harvesting purposes. Of these areas, approximately 77% of the 
OGMA’s have been established within the low elevation CWHxm biogeoclimatic zone. 
OGMA’s have been established to sustain biodiversity and stable target wildlife populations, 
with 73% of these areas established for critical deer and elk winter range in the Sayward 
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Landscape Unit Plan (MOF 2003). Proposed areas for ungulate forage habitat and Visual 
Cover Areas for elk are also proposed in the Sayward Landscape Unit Plan (MOF et. al. 
2003). Old growth stands not reserved as part of the Sayward Landscape Unit Plan are 
available for harvest (MOF 2003).  

The lower reaches of the mainstem downstream of the mainline bridge are considered to have 
high wildlife value and are designated as Environmentally Sensitive Areas for wildlife (E2w) 
(Photo 1, Lough 2000). As part of the Sayward Landscape unit plan, elk visual cover areas 
have been delineated adjacent to the lower mainstem Amor de Cosmos Creek downstream of 
the mainline bridge crossing at km 2.2 to the estuary (km 0 – 2.2) as well as downstream of 
McCreight lake (km 5 to 6.5) (see Sayward Landscape Unit Plan, MOF et. al. 2003).  

Upstream of McCreight Lake in Reach 4, an OGMA/ungulate winter range area for elk has 
been established between km 12-15 on both sides of the mainstem. Immediately upstream, an 
OGMA extends up the mainstem to kilometre 20 in Reach 5A as well as up approximately 2 
kilometres of lower Tributary 15.9 (see Sayward Landscape Unit Plan, MOF et. al. 2003).  

Within Reach 1 of Roberts Creek is a visual cover area for elk that extends from the Roberts 
Creek/McNair Creek confluence south to Cedar Lake. Downstream along the mainstem 
Roberts Creek are three isolated OGMA’s established on the south side of the river as well as 
an OGMA/ungulate winter range (UWR) established for deer along the north side of the 
highway at approximately river km 2. Details on locations of additional OGMA’s and UWR 
established by the Sayward LUP are available in MOF ((2003) as well as online at 
http://ilmbwww.gov.bc.ca/slrp/srmp/coast/campbell_river/sayward.htm. 

2.8.2 SPECIES AT RISK 

According to the existing SARA and COSEWIC database maintained by Environment 
Canada, there are five potential species that may be resident to the study area as outlined in 
Table 6 (EC 2007). The status of wildlife species is continually being assessed with species 
at risk designated within 5 categories that include: special concern, threatened, endangered, 
extirpated and extinct. The presence of red legged frogs was confirmed in the wetland area of 
Tributary 2.9 during field studies undertaken in October 2008. The abundance of wetland and 
stream habitat throughout the Amor watershed has high potential to support the Western 
Toad.  

Both the mature and older forested habitat within the study area has the potential to support 
marbled murrelets, northern goshawks and screech owls. Marbled murrelets nest up to 75 km 
inland with some birds remaining at breeding sites throughout the year within their southern 
range (i.e. mid and southern VI). They require old growth forests as they typically nest on 
large limbs covered with deep moss that serve as a platform for their eggs (EC 2006).  

The northern goshawk is distributed throughout Vancouver Island and nests primarily in 
western hemlock and Douglas fir trees in mature or old growth forests with high canopy 
closure and small canopy openings (EC 2006). Screech owls are found throughout 
Vancouver Island in varied habitats including low elevation semi-open woodlands that are 
frequently close to water. They nest in natural cavities of large trees or nest boxes without 
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nesting material. In northern Vancouver Island away from the SE coast the owl is relatively 
common with a stable population base (EC 2006). 

There is a limited abundance of old seral stage forest in the CWHxm biogeoclimatic variants 
in the lower Amor de Cosmos Creek. However, existing old growth stands within Reach 1 
have potential to support a small population of marbled murrelets. Over time, re-
establishment of old growth characteristics within protected riparian forests adjacent to the 
mainstem channel will increase nesting opportunities for this species. 

2.9 PAST HABITAT ENHANCEMENT AND RESTORATION WORKS 

The pink stocks from Amor de Cosmos spawners were used to augment an extinct pink run 
in the Qualicum River. In 1964, 6.85 million pink eggs were collected from the Bear River 
stock and transferred to the Qualicum River in an attempt to re-establish the pink run 
(Walker and Lister 1971). 

Past enhancement efforts include a FOC initiative where the Pacific Biological Station 
operated a fish hatchery from 1975 to 1978 downstream of the lower mainstem bridge at 
Tributary 2.2. The objective of the program was to establish an odd year pink run using 
Glendale River pink stock. In 1975, 2.7 million pink eggs were received from the Glendale 
River and incubated at the hatchery with fry released in the spring of 1976. In 1977, the 
Biological Station operated a counting fence in the lower river with results indicating that the 
experiment to introduce an odd year pin run was not overly successful (historical files). The 
project was terminated when pink escapement targets were not achieved. 

Meanwhile the even year pink returns were declining over three cycle years from 130,000 in 
1974 to 18,000 in 1978. In an attempt to address declining escapement, a reduction in fishing 
pressure was implemented along with operation of the hatchery facility in the lower river to 
augment the even year pink run. The Quinsam River Hatchery operated the facility from 
1980 – 1982 with the aim to re-establish the indigenous even year pink run. In 1980, 2400 
adults were taken for hatchery purposes (historical files). The stock enhancement program 
was operated until 1985 after which the hatchery was closed (Lough 2000). The hatchery site 
was rehabilitated in 1989 with buildings and infrastructure removed and the site left clean 
and graded (J. Van Tine 1989). More details about the hatchery operation are available in the 
historical files at the Quinsam Hatchery. 

Habitat restoration efforts were undertaken in 1987 involving a debris jam removal project at 
the outlet areas of Twin and Cedar Lakes in order to improve migration for CT spawners. As 
well, the plunge pool was deepened downstream of culvert at the outlet of Cedar Lake with a 
fish ladder installed to facilitate upstream juvenile access (Lough 2000). 
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3 OVERVIEW ASSESSMENT METHODOLOGY 

3.1 AIR PHOTO ACQUISITION 

The overview assessment was completed in part through analysis of aerial photography. Air 
photos were acquired from the BC Government air photo warehouse for the earliest (1965) 
and most recent (2003) years available that covered the entire watershed. The air photos for 
both years of photography are approximately 1:15,000 scale; Table 7 lists the air photo roll 
numbers used in the assessment. Although larger scale (< 1:15,000) photography taken 
within the last two years is recommended for the overview level of analysis, air photos fitting 
this criteria were unavailable for the watershed. 

3.2 CHANNEL ASSESSMENT 

The channel assessment was completed using a combination of air photo analysis and field 
visits to selected sites within the watershed. The air photos provided preliminary channel 
descriptions for major streams within the watershed, with follow-up field visits used for more 
detailed descriptions and collection of field data. Areas where change was observed between 
the 1965 and 2003 photography were prioritized for field visits.  

3.3 FISH AND FISH HABITAT 

The fish and fish habitat overview was compiled from a combination of available references, 
inventory databases and GIS mapping data. This information was supplemented by 
interviews with key fisheries contacts as well an overflight and field reconnaissance to sites 
where limited information was available. Overview procedures were completed as outlined in 
the Watershed Restoration Technical Circular No. 8 by Johnstone and Slaney 1996.  

3.4 SEDIMENT SOURCE SURVEY 

An overview level sediment source survey was completed based on air photo interpretation 
and observations from a helicopter overflight of the watershed on September 22, 2008. 
Potential sediment sources were identified and described together with their existing and 
possible future impact on any waterways.  

3.5 RIPARIAN ASSESSMENT 

The procedures used for completing the riparian assessment follow the guidelines outlined in 
the Watershed Restoration Technical Circular No. 6 (MOE, 1999). Riparian polygons were 
delineated based on aerial photograph interpretation and available GIS-based mapping of 
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crown closure, stand composition and disturbance history. Field visits provided additional 
data on riparian conditions in priority reaches within the watershed. Riparian vegetation type 
(RVT) was assigned following the five broad types outlined in MOE (1999). A brief 
description of the classification follows: 

RVT No. Stand Condition 
1 Brush dominated, poorly stocked conifer component
2 Over stocked conifer, >800 stems per ha 
3 Deciduous forest over top a good conifer understory 
4 Deciduous forest over top a poor conifer understory 
5 Old growth, or old second growth (>70 years) 

 It should be noted that although RVT Type 5 indicates the stand is old growth or mature 
second growth, riparian polygons with a pole sapling stand structure may be assigned to this 
class if the riparian vegetation was not representative of the other class types. The relevant 
age class will be reflected in the stand structure information. 
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4 OVERVIEW ASSESSMENT RESULTS 

4.1 REACH DESIGNATIONS 

Stream reaches were examined in the field and compared with stream reaches reported in the 
1:20,000 RIC inventory completed by Lough (2000). For this Overview/Level 1 study, Reach 
1 as shown in Lough (2000) has been divided into 2 sub-reaches based on channel gradient 
and stream morphology. Reach 1A includes the mainstem from Tributary 2.2 LB 
downstream to the estuary whereas Reach 1B includes the higher gradient cascades and 
barrier falls section (Figure 8). Reach 5 has also been sub-divided at km 23.5 where the 
mainstem splits into two main channels. Reach 5A now includes the mainstem from Roberts 
Creek upstream to the branching of the mainstem at km 23.5 km, with Reach 5B continuing 
south from this point on the Amor de Cosmos mainstem.  

4.2 REACH DESCRIPTIONS AND FISH HABITAT VALUE  

The following reach descriptions and associated fish habitat value have been derived from 
existing references with additional information obtained through interviews with key contacts 
as well as field observation during reconnaissance level investigations. 

4.2.1 MAINSTEM REACH 1A  

Reach 1A extends for 2.2 kilometres from the estuary to the confluence with Tributary 2.2 
(Photos 3-8). This reach has a low gradient profile with an average gradient of 0.7% 
(Appendix J). Reach 1A is dominated by a riffle/pool/glide channel configuration. Substrate 
is primarily gravel and cobble with gravel accumulation concentrated around debris jams or 
bedrock outcrops. Fine-grained sediment (fine gravel and sands) is confined to areas behind 
obstructions or within sidechannel habitat. The channel appears to be somewhat degraded, 
with the presence of a cobble armour layer on much of the bed. This reach provides high 
quality rearing habitat for salmonids with good quality summer rearing habitat observed in 
the mainstem while good high water refuge and ideal winter rearing opportunities are 
provided in off channel habitat (Photo 5, 8). 

During the late summer and fall, spawners and juveniles are subject to predation by black 
bear, mergansers, eagles, ravens, ducks and gulls in the exposed shallow habitat during low 
flows.  

A moderate amount of off channel habitat is available over both left and right banks within 
the floodplain area (Photo 6, 7). During the fall, wetted side channels are providing suitable 
habitat for pink spawning as well as high quality rearing habitat for salmonids. These off 
channel areas also provide critical high water refuge habitat for coho, steelhead and trout 
juveniles. During late October 2008, seasonally wetted sidechannels and alcoves were 
supporting moderate densities of 0+ coho fry. Sidechannel habitat was general lacking 
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instream complexity with limited functional LWD or boulder cover and the majority of 
instream wood clumped in debris jams, similar to the mainstem. 

As a result of historical logging activity, Reach 1A was subject to increased contribution of 
LWD that accumulated in large jams, altering the natural pool/riffle channel configuration 
(Photo 4). In 1974, a large woody debris jam and beaver pond were documented at 
approximately km 1.8 (Anonymous 1974). By 2008 there is little evidence of the jam and 
beaver pond habitat remaining. The majority of the large debris jams that likely formed prior 
to the 1970s have now deteriorated and have been mobilized downstream. A few remnants of 
the jams remain partially in place and are increasing habitat complexity by creating holding 
pools and high quality rearing habitat. The largest holding pool is located approximately 100 
m downstream of Tributary 2.2 and is known as the “steelhead pool” (Photo 8). 

 

A major tributary known as “Cold” Creek or Tributary 2.2 in this report enters the left bank 
2.2 kilometres upstream of the estuary and forms the reach break between Reaches 1A and 
1B. There are several 1st and 2nd order tributaries that enter from both the left and right banks 
that support salmonids in the lower reaches along the floodplain area. The lower gradient 
tributary at km 1.4 RB is fish bearing for the lowermost 800 meters (Figure 8). 

4.2.2 MAINSTEM REACH 1B 

Reach 1B extends for 1.5 kilometres from the Tributary 2.2 confluence upstream to the 
uppermost falls barrier. This is the highest gradient mainstem reach downstream of Highway 
19A with an average gradient of 2.4% (Appendix J). The reach is confined, often bedrock 
controlled, with abundant boulder, cobble and gravel substrates (Lough 2000). The 
uppermost 1 km is a series of cascades and two large falls that form an anadromous barrier 
within the bedrock controlled reach. The uppermost fall is an 10.4 m drop over 49 m in 
length; the second and lower falls is located 300 yards downstream and drops 10.4 m over 
39.6 m in length (Photo 11) (Nielsen and Walker 1966). Downstream of the two falls, a 
sweeping run/cascade section extends for approximately 133 m downstream, ending in a 
series of smaller falls approximately 2 m in height. In some years, these smaller falls limit the 
upstream migration of pink salmon (Nielsen and Walker 1966, Anon 1984).  

Reach 1B provides an important migration corridor for coho salmon migrating to Tributary 
2.9 near the base of the lower set of falls. In years with a good pink return, some spawners 
are observed upstream of the mainline bridge crossing. High quality spawning and rearing 
habitat for steelhead is present throughout this reach with healthy parr densities observed and 
a biomass of 150 g/unit (BCCF 2002). 

4.2.3 REACH 2 

Reach 2 is a very low gradient reach with an average gradient of 0.1% (Photo 15). Stream 
gradients range from 0 to 0 5% with predominantly backwatered pool and glide habitat. 
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Substrates are dominated by mud, silt and sand with submerged small woody debris 
throughout (Anon. 1984).  

From the Tributary 5.2 confluence upstream to McCreight Lake, the channel is 
predominantly backwatered deep glide/pool habitat (Photo 13). The elevation of the dammed 
pool habitat is partially controlled by the sediment wedge at the Tributary 5.2 confluence 
during lower flows. Sediment delivery from Tributary 5.2 has created good quality spawning 
as well as high quality rearing habitat for 0+ and adult cutthroat trout (Photo 14). 
Downstream of Tributary 5.2, the channel appears to be more defined although still 
dominated by pool and glide habitat. The channel sustains a consistent pattern and width to 
the bedrock canyon where the series of chutes and falls create an anadromous barrier. 

There is limited presence of well distributed, functional rooted LWD cover throughout Reach 
2. As a result of historical forest harvesting activities, there is an abundance of woody debris 
jams, with at least three large jams that span the channel width as well as the channel depth at 
low flows between the outlet of McCreight Lakeland the top of the barrier falls section. The 
largest cross channel debris jam is located at km 4.5 that extends for 175 m with the depth of 
debris averaging 2 m with large pieces imbedded into the substrate (Photo 12). A large 
sediment wedge has accumulated upstream of the jam. Several smaller jams extend along the 
channel length for a distance of 66 to 132 m Anon(Anon. 1984). In addition to these large 
jams, there are numerous smaller debris accumulations throughout Reach 2. Fish passage 
through these old jams by resident cutthroat trout is likely during higher flow periods but 
further investigation is warranted to confirm fish passage during low flows when the debris is 
collapsed onto the stream bed. 

At kilometre 6 near the outlet of McCreight Lake, Reach 2 flows through a small, shallow 
wetland marsh that encompasses an area of 10.2 hectares (Photo 15). The margin of the 
marsh extends primarily towards the east over the right bank. There are at least 12 1st and 2nd 
order tributary systems that flow into both the left and right banks that support salmonids in 
the lower reaches (Figure 8) 

4.2.4 REACH 3 MCCREIGHT LAKE 

McCreight lake is the largest lake within the Amor de Cosmos watershed and is 4.8 
kilometres long. McCreight is known as one of the 5 lakes within the study area that supports 
the most significant fish populations (Lough 2000). 

4.2.5 REACH 4  

Reach 4 is 5.8 kilometres in length and extends from the outlet of McCreight Lake to the 
confluence of Roberts Creek upstream of Highway 19A. The channel is very low gradient 
with an average gradient of 0.2% and unconfined channel sections meandering through 
several wetland areas (Photo 16). The channel between Highway 19A to McCreight Lake 
consists of 80% glide habitat with 10% deep pools and 10% slow riffle habitat (Anon 1984). 
The channel meanders through a wide floodplain area, with both sides of the channel having 
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a wide margin of marsh/swamp riparian habitat dominated by shrub species. Channel 
substrates are dominated by silt and fines with isolated sidechannel bars that have patches of 
pea gravel (Stream survey 1974). The channel is stable with an intact and functional riparian 
habitat 

4.2.6 REACH 5A 

Upstream of Highway 19, the mainstem stream gradient increases and the substrate size and 
quality is more varied (Lough 2000). Reach 5A is 6.1 kilometres long with an average 
gradient of 1.1% (Photo 17). The reach typically displays a riffle-pool or boulder riffle 
morphology for the majority of the reach with an exception at the FSR bridge upstream of the 
Roberts Creek confluence where there is strong bedrock control. Bed substrate in the upper 
sections of this reach are predominantly cobble-sized material and could be an indication of 
minor degradation (Photo 18). Gravel-sized material tends to be concentrated in the 
occasional bars developed along the lower sections of this reach. Within Reach 5A, there are 
also alternating segments of low gradient wetland and marsh habitat complexes. 

Small wetlands are present within the reach, particularly upstream of the FSR bridge. The 
channel configuration is more confined with intermittent sections of lower gradient marsh 
habitat. Stream sections flowing through marsh habitat are overwidened and dominated by 
brush species including red osier dogwood and willow. In general, sidechannel habitat is 
uncommon with the exception of off channel habitat over the right bank at the confluence 
with Roberts Creek. 

Although upslope areas and riparian habitat were intensively harvested, the channel now 
appears stable with regenerating second-growth riparian vegetation that is approximately 60-
80 yrs old (Photo 19). The stream channel appears to be well defined with little evidence of 
channel aggradation or channel widening. There was no evidence of slope instability 
throughout the reach.  

4.2.7 REACHES 5B THROUGH 13 

Amor mainstem Reaches 5B through 13 extend from the confluence of the East Amor 
Tributary upstream to the Grace and Duck Lake headwater area (Photo 20). Reach gradients 
are variable ranging from 0.9% to 9.4%, reflecting an alternating channel morphology 
between unconfined marsh/swamp habitat and confined, likely bedrock controlled, 
cascade/riffle habitat. The 4 kilometre reach downstream of Grace Lake is a series of 
extensive beaver dams and marshland/swamps with deep glides and slow riffles between the 
dams (Anon 1984).  

Major tributaries to these reaches include the Frog Lake tributary and the Notch Lake 
tributary in addition to a few other 1st and 2nd order tributaries with lower reaches that 
support salmonids. 
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4.2.8 TRIBUTARY 2.2 LB 

Tributary 2.2 LB is 6130 m in length with an average gradient of 20% with an average 
gradient of 3.8% in Reach 1. The mean channel width is approximately 10 m in the lower 
reaches. The tributary displays cobble/riffle or step pool channel morphology with a 
transition to riffle-pool morphology in the lowermost 200 m. The sediment load of this 
tributary is relatively high for the watershed and substrate is a mix of gravel and cobble with 
boulder-size material common above Reach 1. Within Reach 1, the channel is aggraded with 
low channel banks, extensive riffle sections and limited pool habitat. Good pool habitat has 
developed where functional LWD is located and provides good rearing habitat for 0+ 
salmonids. The lowermost section of Reach 1 has a lower gradient profile with an average 
gradient of 2%. 

Tributary 2.2 flows into the mainstem Amor de Cosmos Creek 2.2 kilometres upstream of the 
estuary (Figure 8). Another name for this tributary is “Cold Creek” as water temperatures are 
notably cooler than the mainstem. For example, data from Aug 30, 1974 records the tributary 
temperature at 53.5 F when the mainstem was 66 F.  

4.2.9 TRIBUTARY 2.9 RB 

Tributary 2.9 flows into the mainstem Amor Creek within the cascades section of Reach 1B 
approximately 900 m downstream of the anadromous barrier. Fish access requires migration 
though approximately 200 m+ of cascade/drop pool habitat in the mainstem and is therefore 
limited to primarily coho and steelhead. The lower reaches of Tributary 2.9are providing 
high quality riffle/pool rearing habitat for 0+ coho with isolated pockets of suitable coho 
spawning habitat. The floodplain extends to a width of 19 m and the channel is well 
complexed with LWD, deep pools and undercut banks as well as good overhead cover 
provided by salmonberry. The canopy closure in the lower tributary is likely 80%+ due to the 
presence of pole sapling alders within the floodplain area.  

Upstream anadromous distribution is limited by a 4 m high bedrock falls barrier located 
approximately 350-400 m upstream of the confluence with the mainstem. There is a second 
set of cascades (35% over 8 m) approximately 100 m downstream that would likely limit 
upstream migration of most salmonids, with the exception of steelhead during higher flows. 
Resident populations of cutthroat trout were confirmed upstream of the anadromous barrier 
(Photo 23). 

The channel morphology of Tributary 2.9 is varied and alternates between long sections of 
low gradient riffle pool habitat in the lowermost reaches (Photo 24) with short, confined 
bedrock controlled cascades/steep riffles or cobble riffle habitat with steep sideslopes. In 
lower-gradient sections upstream of the barrier beavers are actively damming the channel to 
create pool habitat.  

Immediately upstream of the mainline road is high value, ecologically significant wetland 
habitat (Photo 22). Observed wildlife and amphibian species included COSEWIC blue listed 
red legged frogs (Rana aurora) with active sign of the American beaver (Castor canadensis). 
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While no fish were captured within the wetland, fish presence was confirmed immediately 
downstream of the mainline road during presence/absence sampling undertaken in September 
2008. Upstream fish passage into the wetland is potentially limited by a pair of 900 mm 
perched culverts that have a free drop exceeding 300 mm with no outlet pool and control 
weir. The intake of the culvert crossing frequently becomes obstructed by woody debris from 
beaver activity and contributes to road flooding if the second pair of culverts installed at a 
higher elevation also become obstructed. 

Riparian habitat adjacent to Tributary 2.9 is predominately 3rd growth coniferous dominated 
forest at a pole/sapling stage with an average diameter of 30-40 cm. Forest cover is 
dominated by Western Hemlock with co-dominant species including alder, cedar and Sitka 
spruce. Understory species include swordfern, salmonberry and huckleberry. 

4.2.10 TRIBUTARY 5.2 RB 

Tributary 5.2 flows into the Amor mainstem upstream of the anadromous barrier and 
supports coastal cutthroat trout and Dolly Varden char. The reach has an average gradient of 
4% and a sinuous channel pattern (Lough 2000). The channel is aggraded and mobilizes 
sediment to the mainstem, forming a gravel bar that provides suitable spawning and rearing 
habitat for cutthroat trout.  

4.2.11 ROBERTS CREEK REACH 1 

Reach 1 of Roberts Creek is 8640 m in length from the Roberts Lake outlet to the confluence 
with Amor de Cosmos Creek. The average gradient is 0.9% with a mean channel width of 15 
m. An estimated 65% of the channel has a gradient between 0 to 2.5% with the remaining 
35% with a channel gradient of 2.5 to 5% (Anon 1984). Roberts Creek downstream of 
Roberts Lake is a stable stream that consists of riffle/pool channel morphology within a fairly 
confined valley that parallels Highway 19 and is regularly interspersed with unconfined 
channel sections that support wetland and swamp habitat (Photo 25).  

An active beaver population within Reach 1 of Roberts Creek sustains the presence of 
wetland complexes. There is a large swamp approximately 3 km downstream of Roberts lake 
that is approximately 1 km in length (Anon 1984).  

There is a series of old logging related debris jams throughout the reach that do not appear to 
be passage concern for fish passage. In the lower section of Reach 1, side bars and mid-
channel bars are frequent. Substrate is mostly a mix of gravel and cobble with deposits of 
finer sediment in areas of slack water (Photo 27). This creek is a significant source of coarse 
sediment to the Amor de Cosmos mainstem as indicated by the numerous bars developed at 
and downstream of the Amor de Cosmos confluence. 

The tributary from McNair Creek likely flows year round in a northerly direction for 750 m 
between McNair Lake and Roberts Creek. The channel gradient ranges between 2.5 to 5% 
with an abundance of logging debris observed during a survey in 1984 (Anon 1984). Several 
small tributaries flow into Roberts Creek from the north (Hwy 19) side and many of these 
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tributaries have been identified as critical spawning reaches for fish production by the 
Sayward Landscape Unit Plan (MOF et. al 2003).  

Riparian cover in Reach 1 of Roberts creek is relatively intact providing good canopy closure 
and overhead cover. The second growth stands are of equal age as a result of a large fire 
during the 1930s and are dominated by Douglas fir. There are no slope stability concerns 
observed during field reconnaissance along sideslope areas within the Roberts Creek sub-
basin.  

Although instream habitat complexity is limited, and LWD is concentrated in logging debris 
jams (Photo 26), Reach 1 is providing good rearing and adequate spawning habitat for 
cutthroat trout (Anon 1984). Reach 1 has been identified as a critical spawning reach for 
cutthroat trout production (MOF et. al. 2003). 

4.2.12 EAST AMOR TRIBUTARY (REACHES 1-7) 

The east Amor tributary is a series of numerous lake features, wetlands and short sections of 
defined stream channels (Photo 28, 29). The terrain is rolling with a relatively homogenous 
forest cover in age and composition (Photo 29). The sub-basin is very accessible by road, 
with high recreational and sportsfishing value. Riparian cover is dominated by maturing 
second growth stands (80 yrs) and is relatively intact around the lakes and channel sections. 
The Sayward LUP identified critical spawning reaches from the confluence with the 
mainstem Amor upstream to Farewell lake (MOF et. al. 2003). 

Lake size can be used as an indicator for fish abundance in the Amor watershed with the 
most significant fish populations within the East Amor Tributary found in Farewell, 
Blackwater and Amor Lakes (Lough 2000). Historically, several lakes within the study area 
were used as log dump and sort areas, resulting in the accumulation of debris at the outlet 
area such as in Blackwater, Cedar and Twin Lakes. (Lough 2000).  

4.3 SEDIMENT SOURCE SURVEY 

A helicopter overview flight of the area failed to show any evidence of major slope failures 
within the watershed or upslope areas with large sediment accumulations. Minor cases of rill 
and gully development were observed on recent cutblocks which would result in an increased 
sediment yield from the area. Small rockfalls were seen near the peaks of Mount Kitchener 
and on the steep slopes of Mount Menzies above Roberts Lake. Examination of the 2003 
aerial photography revealed further examples of erosion from cutblocks and roads within the 
watershed, as well as a few landslides and one minor debris flow. Appendix B lists the 
identified sediment sources with descriptions for the watershed; the majority of locations are 
found within the steeper topography of the lower watershed (Figure 12). The amount of 
sediment originating from forestry-related sources generally appeared to be minor and 
revegetation was visible on many sites in the 2003 air photos; however, there are a few sites 
which are recommended for further investigation.  
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The 2008 cutblock on the left valley side in the anadromous reach of Amor de Cosmos Creek 
deserves further attention (ID No. 2). There is evidence of rill/gully development and an 
increase in sediment transport from the area that could have an impact on the sediment 
regime in the mainstem (Photo 30,31). Currently, vegetation regrowth is very limited on the 
cutblock and would be inadequate for stabilization of the area. Similarly, harvest was carried 
out through the small streams on the 2003 cutblock just upstream on the right valley side, 
with the air photos showing evidence of rill/gully development (ID No. 3,4). Minor regrowth 
on the cutblock is evident, including within the small streams, and there may be a 
corresponding decrease in sediment yield from this cutblock at present. However, due to the 
proximity of the anadromous reach this warrants further investigation. Another area noted 
during field reconnaissance in fall 2008 is the windthrow of the riparian buffer at a new road 
crossing (ID No. 30). There is debris and sediment accumulation in the channel at this 
location as well as the high potential for further erosion of the bank in the future. Although 
visible road surfaces were examined in the photography, this overview level survey is best 
supplemented by a thorough field inspection of the roadways within the watershed, an 
undertaking that was not completed for this report. 

Overall, the Amor de Cosmos watershed has a low amount of available sediment and 
although forestry-related impacts are evident at present they appear to be relatively minor. 
This is particularly true when compared to the 1965 aerial photography which shows a 
greater forestry-related impact on the sediment regime. Many of the sediment sources visible 
within these photos have since stabilized and the overall amount of sediment visible in the 
Amor de Cosmos mainstem has decreased. Although the improvement of forestry practices 
has decreased the impact to streams, the natural characteristics of this watershed also play a 
large role. The presence of resistant bedrock and particularly of numerous lakes and wetlands 
limit the amount of sediment able to move through the system. Lake and wetlands both act as 
coarse sediment traps, preventing movement downstream and any potential negative impact. 
Nonetheless, the relatively benign nature of this watershed should not be used as an excuse 
for poor logging practices, and care must be taken in location of roads and methods of 
harvest to minimize the impact on streams throughout the watershed.  

4.4 CHANNEL ASSESSMENT 

The channel assessment was conducted on all reaches of Amor de Cosmos Creek (including 
the east branch), Roberts Creek, and the larger unnamed tributaries entering the Amor de 
Cosmos mainstem at km 2.2 LB, 2.9 RB, 5.2 RB and 15.8 LB. Potential upslope disturbances 
originating on tributaries to the streams were also examined. Channel characteristics for all 
streams are summarized in Appendix J.  

Amor de Cosmos Creek is a relatively low-gradient stream with an average slope of 1.5% 
over its entire length (excluding lakes) and gradient values ranging from 0.1% up to 9% for 
small stream reaches in the upper watershed. For much of the mainstem length the channel 
displays a riffle-pool morphology and is flowing through wide valley flats with vegetation 
dominated by deciduous trees and shrubs; however, bedrock appears to be fairly close to the 
surface throughout the watershed. The channel exhibits strong bedrock control at locations 
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within Reach 1B, 5, and 7, as well as in several of the examined tributaries. Bedrock is 
visibly outcropping within the channel bed and occasionally the channel is confined between 
high bedrock walls as within Reach 1B.  

The lack of large riparian conifers on the channel floodplain may indicate the wide valley 
flats are frequently flooded during high discharges. Upstream of Reach 1B a high proportion 
of these valley flats comprise generally very marshy areas. Particularly within the upper 
watershed above Roberts Creek, the high water channel boundaries are not well defined and 
the wetland areas would be flooded even during relatively modest flows. 

With the exception of those reaches exhibiting bedrock control, the mainstem of Amor de 
Cosmos Creek is generally alluvial with bed substrate consisting mostly of cobble with 
coarse gravel. Fine sediment (sands and fine gravel) is usually present only in areas of slow 
water such as in sidechannels, behind obstructions within the channel, or within very low-
gradient reaches. Roberts Creek, Tributary 5.2 RB and 2.2 LB appear to be the relatively 
major sources of coarse sediment to the channel. The streambed in the upper watershed has 
many large cobbles but the presence of organic staining and lichen growth indicates this size 
of sediment is not actively moving. Although extensive logging within a watershed is known 
to increase the sediment load of streams, within the Amor de Cosmos watershed the presence 
of resistant bedrock, general lack of sediment sources from hillslope failure or past glacial 
activity, and the presence of numerous lakes acting as coarse sediment traps results in Amor 
de Cosmos Creek carrying a relatively low bedload when compared to other coastal streams.  

Overall, Amor de Cosmos Creek appears fairly stable, with minor lateral shifting over the 
time period examined. Sidechannels and channel branching are semi-frequent within Reach 
1A while cut-offs preserved on the floodplain within Reach 4 are evidence of lateral shift 
through time. The areas surrounding the confluences of Roberts Creek and Tributary 2.2 LB 
are likely subject to some irregular lateral activity due to the substantial sediment input at 
these points. The overall stability of the mainstem is likely a reflection of low gradients and 
sediment supply, near-surface bedrock control, and attenuation of erosive peak flows by the 
numerous lakes and wetlands within the watershed. 

There is a fair amount of LWD within Amor de Cosmos Creek; however, it is generally 
smaller in size and there appears to be an overall lack of very large logs in the channel. This 
absence is likely due to low recruitment resulting from a combination of past logging having 
removed large riparian conifers where they existed and frequent flooding of the valley flat 
that would naturally inhibit growth of large conifers. 

Logging appears to have had a greater impact on channel processes in the past than at 
present. Examination of the 1965 aerial photography reveals a greater extent of exposed 
gravel within the channel at this time, particularly near the confluence of Roberts Creek and 
within Reach 1A. Small areas of sidewall erosion observed on Roberts Creek and within 
Reach 5A appear to have stabilized by the 2003 photography. The logjams within Reach 2 
are visible in the 1965 photography but were of greater extent. Large sections of the Amor de 
Cosmos Creek floodplain are naturally deciduous-dominated with little harvest value. As a 
consequence many riparian areas were left intact during past harvesting. Those segments that 
were logged to streambank generally appear to be stabilizing, with rapid establishment of 
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deciduous floodplain vegetation. At present, an increased sediment load is coming down 
those tributaries with active logging within their drainage such as Tributary 2.2 LB; however, 
it does not appear that this development has had an adverse effect on the Amor de Cosmos 
mainstem. In fact, due to a low natural bedload, these tributaries are a significant source of 
spawning-size gravels to the mainstem. 

4.5 RIPARIAN ASSESSMENT 

The study area for the Amor de Cosmos riparian assessment includes the mainstem reaches 
of Amor de Cosmos Creek, the East Amor tributary, Reach 1 of Roberts Creek, and the 
larger unnamed tributaries entering the Amor de Cosmos mainstem at km 2.2 LB, 2.9 RB, 
5.2 RB and 15.8 LB. Riparian polygons were delineated for all stream reaches with S1, S2 
and S3 classification. Reaches falling outside those classifications that were located on 
priority streams were also assigned RVT numbers due to their potential impact on future 
downstream restoration works. Riparian areas adjacent to lakes within the watershed were 
not examined as the assessment focussed on the riparian areas bordering higher priority areas 
for fish habitat restoration. Polygon RVT classification, stand structure, disturbance and 
restoration opportunities are summarized in Appendix C. 

The majority of riparian polygons within the Amor de Cosmos watershed were classified as 
RVT 5 as mature or maturing second growth stands dominate much of the watershed 
(Appendix C) The abundance of similar aged stands (60-80 yrs), particularly in the upper 
watershed upstream of Highway 19, is the result of widespread forest harvesting initiated 
during the 1920s in combination with a large fire during 1938. 

Riparian vegetation adjacent to the low gradient mainstem reaches (R1A, 1B, 2 and 4) 
generally consists of a deciduous dominated forest within the floodplain area with mature 
conifers observed on elevated islets as well as in adjacent riparian habitat. Dominant shrub 
species include salmonberry and ninebark in regularly inundated low elevation areas with 
swordfern, red huckleberry and salal vegetating higher elevation floodplain habitat.  

Throughout the Amor watershed there is a limited amount of old growth riparian habitat with 
one of the few old growth polygons located in the lower mainstem in Reach 1A over the right 
bank at km 2 (Figure 13). The timber is 400 yrs + and dominated by Sitka Spruce with 
western hemlock and red alder as the co-dominant species. The understory consists of cedar 
saplings, as well as salmonberry, swordfern and thimbleberry. Sustenance of mature second 
growth stands within riparian areas is critical to ensure a future supply of LWD recruitment 
to the stream channel. The remaining riparian reserve zones within Reach 1A consist 
primarily of mature 80 yrs + dominated by Sitka Spruce and Western Hemlock with Western 
Red Cedar, Douglas Fir and Red alder as the subdominant species. 

Where the valley walls are more confined (Reaches 2 and 5A), riparian vegetation commonly 
consists of mature conifers with a minor deciduous component that colonizes the top of bank 
areas. In Reach 5A of the Amor de Cosmos mainstem, mature second growth stands have 
been classified as RVT 5. In the majority of these polygons, natural thinning over time will 
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improve riparian habitat characteristics and contribute much needed LWD recruitment to the 
stream channel.  

Within the upper watershed including the East Amor Tributary, shrub fens are found in many 
locations where the river valley widens, with coniferous vegetation bordering the wetland 
areas. The predominance of RVT 1 in East Amor Tributary is a natural occurrence reflecting 
the abundance of lake, wetland, marsh and swamp habitat with shrub dominated riparian 
vegetation and no riparian restoration treatments have been recommended. 

With the sole exception of Reach 5 of Tributary 2.2 LB, all examined reaches of Amor de 
Cosmos Creek, Tributary 2.2 LB, 2.9 RB, 5.2 RB, 15.8 LB and Roberts Creek have locations 
where past harvest was carried out to streambank (Appendix C). Much of this logging 
occurred prior to 1950, particularly in the 1920s and 1930s, with the riparian vegetation now 
at maturing second-growth stage.  

Subsequent logging of second growth stands during the late 1980s occurred within Reach 2 
of Amor de Cosmos Creek, Reach 1 of Tributaries 2.2 LB and 2.9 RB and Reach 2 of 
Tributary 15.8 LB with the riparian canopy now predominantly at the pole sapling stage. 
Stream shading and LWD supply are likely still impaired at these locations as a result of 
clearcutting.  

Recent logging has occurred at many locations bordering the riparian management area 
(RMA) since 2000. Although riparian buffers have been established, a significant degree of 
windthrow has occurred in Reach 1A of Amor de Cosmos Creek, and Reach 1 of Roberts 
Creek, Tributary 2.9 RB and 15.8 LB.  

With the exceptions noted above, much of the riparian vegetation within the Amor de 
Cosmos watershed is in good condition. Most riparian polygons within the watershed can be 
classified as RVT 5 or as naturally-occurring RVT 1 and as such no restoration opportunities 
are identified for these areas. Recommendations for the few areas identified as having 
impaired riparian function are discussed in Section 5.4. 
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5 DISCUSSION AND RECOMMENDATIONS 

5.1 PRIORITY SUB-BASINS FOR LEVEL 1 FHAP 

Based on our observations, 5 sub-basins within the watershed are identified as priority sub-
basins for Level 1 FHAP. Three of the sub-basins are located below the anadromous fish 
barrier in the mainstem at 3.7 km upstream from the estuary. The priority sub-basins include: 

• Reach 1A of the mainstem of Amor de Cosmos: The channel in this section 
generally displays a riffle-pool morphology and has high value for anadromous fish. 
Habitat complexity and frequency of LWD as well as presence of holding pools is 
low. Pinks spawners were observed throughout the lower 2.2 km during field 
reconnaissance on October 26, 2008.  

• Tributary 2.2 LB, Reach 1: This tributary drains the steepest areas in the lower 
watershed and is the major contributor of coarse sediment to the lower mainstem. The 
channel has a riffle-pool morphology in the lowermost 200 m and is supporting 
anadromous fish species.  

• Tributary 2.9 RB, Reach 1: Lower reaches may support anadromous species but 
upstream fish access from the mainstem and from upstream of the mainline road 
requires further investigation. The presence of cutthroat trout downstream of the 
mainline road has been confirmed. There appears to be an ongoing issue with beavers 
damming the culverts at the mainline crossing causing flooding over the road. High 
value wetland habitat exists immediately upstream of the mainline road. 

• Roberts Creek, Reach 1: Between Roberts Lake and the confluence with Amor de 
Cosmos Creek the channel displays a riffle-pool morphology and supports cutthroat 
trout, and is a candidate for healthy streams classification. 

• Reach 5A mainstem Amor de Cosmos: The reach extends from the Roberts 
Creek/Amor confluence upstream to km 23.5 and the channel displays a riffle-pool 
morphology dominated by cobble-sized substrates. This reach supports cutthroat trout 
populations and is a candidate for healthy streams classification. 

An additional issue of concern in the watershed that requires further investigation is the 
presence of debris jams at many of the lake outlets. These debris jams may be limiting 
passage of cutthroat trout to spawning and rearing habitat as well as restricting stream flows. 
Due to the large (30+) number of lakes in the basin a non-conventional, site-specific 
approach has been applied rather than subdividing the watershed by area. Efforts are 
concentrated in the most productive cutthroat-bearing lakes where passage concerns have 
been identified through interviews with MOE personnel as well as existing references. 
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5.2 POTENTIALLY LIMITING FACTORS TO FISH PRODUCTION IN 
AMOR DE COSMOS CREEK 

Based on the Overview Assessment results, the following factors may be limiting to fish 
production in Amor de Cosmos watershed. 

5.2.1 FREQUENCY AND DISTRIBUTION OF FUNCTIONAL LWD  

LWD is important for creating and maintaining stable high water refuge habitat, scouring 
pool habitat, providing cover for both adults and juveniles as well as playing an important 
role in the interception of fish carcasses. LWD also provides bank and channel stability as 
well as a suitable substrate for growth of periphyton and associated invertebrates. Stable 
mainstem rearing habitat is particularly important for chinook, coho and steelhead 
production.  

LWD frequencies throughout the Amor mainstem and tributaries appear to be very low 
throughout the watershed and when present, are clustered into debris jams rather than well 
distributed pieces of functional LWD. Good quality low gradient riffle/pool habitat for fish 
typically has a LWD frequency of >2 pieces per bankfull channel width. In addition, existing 
LWD is primarily logging debris rather than rooted trees recruited from riparian habitat. The 
lack of functional LWD in the mainstem Reach 1A and associated pool habitat may be 
limiting fish production in the lower watershed.  

5.2.2 LACK OF LONG-TERM SUPPLY FOR LWD RECRUITMENT TO THE 
STREAM CHANNELS 

With exception of higher elevation areas, forest cover is very close in age due to fires and 
extensive logging activity over the past century (MOF et. al. 2003). During the 1930s and 
1940s, the majority of low elevation and valley bottom areas were extensively burned or 
harvested with existing second growth stands now reaching a suitable age for harvest (MOF 
et. al. 2003). Therefore, a long-term supply of LWD is recovering in mature and maturing 
riparian areas, but the short term supply (i.e. within 100 years) will be limited. The majority 
of existing LWD is old and deteriorating with the old debris jams breaking up and moving 
downstream. 

5.2.3 LIMITED ABUNDANCE OF POOL HABITAT 

With the exception of Reach 2 immediately downstream of McCreight Lake, pool habitat 
appears to be limited in the mainstem and tributaries within the anadromous portion of the 
watershed. The lack of pool habitat is the result of low functional LWD frequency as well as 
aggraded bedload conditions at selected tributaries. 
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5.2.4 LOSS OF SPAWNING GRAVEL  

Intense historical logging activity likely increased peak flows and accelerated gravel 
movement through the mainstem and tributary systems upstream of Highway 19A. Reach 1 
of Roberts Creek as well as Reach 5A of the mainstem Amor Creek has been scoured to 
boulder substrates with little recruitment of new gravel. Within the anadromous reach the 
only significant input of coarse sediment is from Tributary 2.2 LB. The numerous lakes 
within the watershed would negate most upstream inputs of sediment to this reach and 
although Tributary 5.2 RB has a high sediment load, nearly all of this sediment is being 
deposited at the tributary confluence with Amor de Cosmos Creek due to very low gradients 
and the backwatering effects of the downstream logjams.  Natural gravel recruitment may 
take several decades (or longer) to recover to pre-logging conditions. The slow recovery for 
gravel replacement in the stream channel is natural due to the abundance of lakes that act as a 
gravel sink, in combination with a naturally low rate of sediment delivery.  

5.2.5 ACCUMULATION OF LOGGING DEBRIS AT LAKE OUTLETS 

The accumulation of logging debris at the lake outlets has potential to limit migration 
between prime spawning and critical rearing habitat. Several tributary systems as well as the 
mainstem West Amor Creek dewater during the summer dry season with juveniles seeking 
refuge in lake habitat. Debris jams were reported at the outlet of Blackwater and Cedar Lakes 
by Lough 2000 and warrant further investigation regarding their impact of fish and fish 
habitat. 

5.3 POTENTIAL STREAM RESTORATION OPTIONS 

The following stream restoration options warrant further investigation in Level 1 field 
studies: 

1. Mainstem Reach 1A: LWD complexing in the mainstem, riparian restoration in 
windthrow areas, instream complexing in sidechannel habitat.  

2. Roberts Creek Reach 1: LWD complexing and augmenting the quantity and quality of 
spawning habitat for CT 

3. Tributary 2.9: Maintenance to address perched culvert (twin 900 mm x 9 m) at the 
mainline road, high value marsh/wetland habitat immediately upstream. 

4. Investigate restoration opportunities in low gradient riffle/pool habitat within lower 
Tributary 1.4 RB, Reach 1 (lower 900 m supports salmonids). 

5. Increasing hydraulic complexity in Reach 1 of Tributary 2.2 using ballasted LWD 
features. 

6. Evaluate passage concerns for cutthroat trout at outlet of Cedar, Blackwater and 
possibly Trefoil lakes due to floating log debris and debris accumulations (Lough 
2000). However, further investigation regarding identification of critical spawning 
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reaches as well as the status and limiting factors to CT production need to be 
identified prior to consideration of restoration options. 

7. Anadromous barrier at km 3.7: The feasibility of constructing a fish bypass structure 
for this barrier is discussed below in Section 5.3.1.  

Options 1, 2 and 5 recommend the addition of LWD to the channel; however, there is poor 
road access to the lower reaches of the watershed which limits stream restoration options. 
LWD structures are generally constructed using heavy machinery supported by hand crews. 
However, it is possible to construct these structures using manual techniques with skilled 
hand crews if the individual component parts of each structure are moved to the work site by 
helicopter. Numerous stream restoration projects have been completed in BC using this 
technique with good results. 

5.3.1 BARRIER FALLS 

A barrier falls has been noted in the mainstem at 3.7 km upstream from the estuary that 
effectively blocks the upstream migration of all anadromous fish species. Providing access 
for migrating fish to the watershed upstream of the barrier falls could potentially increase the 
production of these species. In assessing the feasibility of constructing a fish passage 
structure, a number of issues need to be considered, including the potential negative effects 
of introducing a new species to the existing ecosystem in the upper watershed, the short-term 
disturbance associated with the construction of the project, and cost. 

The (then) Department of Fisheries investigated the technical feasibility of constructing a fish 
passageway over the barrier falls as early as 1966 (Nielsen & Walker, 1966). Field 
investigations conducted at that time found two separate barrier falls. The lower barrier falls 
represents a total drop of approximately 10.3 m in a horizontal distance of 39.5 m with a 
single large drop of over 5 m at the lower end of the falls (Photo 32). The upper falls is 
located approximately 100 m upstream and has a similar vertical drop over a greater distance 
of 48.9 m (Photo 33) The estimated cost to construct a fish passage structure, or to modify 
the falls to permit the passage of fish was in the range of $300,000 to $750,000 in 1966 
values. At that time the project was not deemed to be financially feasible based on the 
projected increase in fish production that could be achieved. 

The lower falls were inspected as part of the field investigations for the Level 1 Assessment. 
The falls are located approximately 400 m upstream of the West Main FSR crossing and are 
accessible on foot via a rough trail on the right bank. The falls can also be accessed on foot 
from the Bear Bight access road. The upper falls were not inspected because of limited time 
available in the field and because a persistent low-elevation snowpack prevented access to 
the site during the spring of 2009. Both the upper and lower falls were photographed from 
the air during a helicopter reconnaissance overflight. 

A number of options exist for creating fish access over the falls. The following approaches 
have been used at other locations in the past: 

• Hand drilling and blasting of the falls to create steps and pocket pools, 
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• Construction of a vertical slot bypass structure within the channel, and 

• Construction of a bypass channel carrying a portion of the flow in a separate channel 
around the falls. 

Construction of a road to the site could be in excess of $100,000. A detailed engineering 
investigation would be required to develop a reasonable cost estimate for designing and 
implementing a potential project. We recommend that the feasibility of this project from an 
ecological standpoint be assessed before initiating a detailed engineering study.  

5.4 POTENTIAL RIPARIAN RESTORATION OPTIONS 

The overall goal for Riparian Management in the Amor de Cosmos watershed is to restore 
the natural structure, function and diversity of the riparian habitat within the watershed. The 
majority of riparian habitat has been logged and now supports mature or maturing second or 
third growth stands. Most of the riparian habitat is vegetated with a coniferous dominated 
forest cover, with isolated polygons that require further field assessment and treatment. 

One of the primary objectives for Riparian Management in the Amor de Cosmos watershed is 
to ensure a long-term supply of LWD for recruitment to the stream channel. As there are very 
few old growth stands remaining in valley bottom habitat, natural recruitment of LWD from 
riparian areas will be limited over the next century.  

The complete results of the riparian assessment are summarized in Appendix C and Figure 
13; the following riparian restoration options warrant further investigation in Level 1 field 
studies: 

1. Mainstem Reach 1A (Polygons 1A-B, 1A-E): The riparian reserve zone adjacent to 
the 2008 cutblock on the left valley wall appears to be less than 50 m in width; 
directly opposite there is an area of windthrow along the right bank. Following field 
verification restoration would improve riparian function, LWD and bank stability by 
planting large stock conifers as needed. High priority (Photo 7).  

2. Mainstem Reach 2 and 5B (Polygons 2-D, 5B-A): Areas of overstocked conifers are 
identified along these reaches. Density needs to be field verified followed by thinning 
to a target of 500 stems/ha to increase riparian function and wildlife habitat value. 
Medium priority. 

3. Roberts Creek, Reach 1 (Polygon 1-C): There is a small area of windthrow in the 
2004 cutblock at km 4.0. The area needs to be field assessed followed by fill planting 
as needed with large stock conifers to improve riparian and LWD function. Medium 
priority. 

4. Tributary 2.2, Reach 1 (Polygon 1-B): Windthrow of the riparian buffer at the newly-
built road crossing for the tributary draining into Tributary 2.2 at km 0.3. The site 
requires field assessment with stabilization of the bank as required. Planting with 
large stock conifers will help restore riparian function and bank stability. Medium 
priority. 
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5. Tributary 2.9, Reach 1 (Polygons 1-C, 1-H): There are two small areas of windthrow 
at the edge of cutblocks within this reach and polygon 1-H has been logged to 
streambank. These areas are within high value marsh habitat. Conifer density should 
be investigated and treated with additional planting and/or conifer release as 
necessary. Medium priority. 

6. Tributary 5.2, Reach 1 (Polygons 1-A, 1-B): Areas of overstocked conifers are 
identified along these reaches. Density needs to be field verified followed by thinning 
to a target of 500 stems/ha to increase riparian function and wildlife habitat value. 
Medium priority. 

7. Tributary 15.8, Reach 1 (Polygons 1-C, 1-H): There is windthrow of portions of the 
riparian reserve strip within an OGMA. This is high-value wildlife habitat and field 
assessment of impacts on riparian function is required followed by fill planting with 
large stock conifers as needed. High priority. 



DRAFT  

Amor de Cosmos Creek 
Stream Restoration Overview & Level 1 Assessment 37 

6 LEVEL 1 FHAP 

6.1 INTRODUCTION 

The purpose of the Amor de Cosmos Creek Level 1 Fish Habitat Assessment (FHAP) is to 
collect sufficient field data for development of an integrated fish habitat restoration plan for 
the watershed. Quantitative Level 1 field surveys are required to verify the presence of 
sensitive habitat areas and further evaluate logging related impacts to fish habitat. Level 1 
field surveys were completed in the highest priority reaches as identified in the Overview 
Assessment for Amor de Cosmos Creek. These reaches include the mainstem Reach 1A, 
Reach 2 and Reach 5A, Roberts Creek Reach 1 and Tributary 2.2 Reach 1 (Figure 8). Level 1 
Assessments provide detailed information necessary to identify and prioritize restoration 
options for future Level 2 Restoration Prescriptions.  

6.2 METHODOLOGY 

The results of the Overview Assessment identified 5 mainstem and lower tributary reaches as 
the highest priority for potential fish habitat restoration. As suggested in Johnston and Slaney 
(1996), the Level 1 assessment should be limited to high priority reaches.  

Field sampling for the Level 1 FHAP was designed to collect habitat information necessary 
to identify opportunities for fish habitat restoration. Three mainstem sampling sites and 2 
tributary sites were included in the 2008/09 Habitat Assessment in the Amor watershed 
(Figure 14). Level 1 FHAP data sheets are listed in Appendix D and a summary of results are 
available in Appendix K. Either R. Wong or V. Komori with assistance from a fisheries 
technician completed the field sampling between Sept 16, 2008 and March 12, 2009.  

The sample site length was 10 times the bankfull width and included a representative portion 
of the habitat types observed within the reach. Methodology for the Level 1 Fish Habitat 
Assessment is outlined by the WRP Technical Circular No. 8 – Fish Habitat Assessment 
Procedures (FHAP) (Johnston and Slaney 1996). Representative photos of each sample site 
and significant habitat features were recorded.  

Fish sampling used a combination of methods including visual observation, gee trapping and 
electrofishing. Fish trapping was undertaken using cylindrical wire mesh minnow traps with 
a 3 cm opening in each inverted funnel. The traps were baited with equal amounts of borax 
preserved salmon roe and set in pool and glide habitat at a mid water depth with the trap 
opening aligned with stream flows. The traps were fished for a minimum duration of 6 hrs. 
Fish sampling by electofishing was undertaken in riffle and glide habitat that was unsuitable 
for sampling with minnow traps. A Smith-Root Inc. Model 12-B backpack electrofisher was 
used to sample suitable instream cover features including cut banks, boulder clusters and 
LWD. Mode settings were adjusted according to condition between D-I and 3-5 with an 
output voltage range between 100-400. 
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Level 1 data for Tributary 2.2, Roberts Creek and Reach 5A were collected in January 2009 
during winter low flows that were higher than summer low flow. Therefore, flow levels were 
slightly higher than the summer low flow conditions used for the habitat diagnostics and may 
underestimate pool habitat. Only functional LWD was tallied in the field so Total LWD tally 
reflects total functional LWD observed in the bankfull channel width 

6.3 LEVEL 1 RESULTS AND DISCUSSION 

6.3.1 FISH SAMPLING  

Fish distribution within the Amor watershed is well documented by Lough (2000), with 
detailed distribution and species composition data available for resident fish habitat 
throughout the lakes and streams upstream of the anadromous barrier. A low intensity fish 
presence/absence sampling program was completed at selected sites within the anadromous 
reaches to confirm fish species composition and distribution during September/October 2008 
(Figure 14).  

Fish sampling was undertaken in the mainstem Reaches 1A and 1B as well as Tributaries 2.2, 
2.9 and 5.2 using a combination of electrofishing combined with minnow trapping. A variety 
of habitat types were sampled, including riffles, pools and glides, both with and without 
cover. Captures were recorded by site and by species to determine a catch per unit effort per 
site, for a combination of habitat types. Each fish was identified by species with fork length 
measured and recorded (Table 8).  

Due to time constraints, extensive fish sampling to determine relative abundance between 
sampling sites was not undertaken as part of the Level 1 assessment in 2008. 
Presence/absence sampling in October 2008 indicated the following : 

• As anticipated, ST parr (90 mm +) were captured in mainstem riffle and pool 
margins with smaller, young of the year fry (<75 mm) captured and observed in 
Tributary 2.2 
• Abundant 0+ CO fry were observed in the shallow mainstem sidechannels 
confirming utilization of stable off channel habitat during the fall and overwinter. 
• Lower densities of 0+ CO fry were captured in pools with wood cover in lower 
Tributary 2.2 
• In Tributary 2.9, no fish were captured by MT in the marsh u/s of the mainline but 
3 – age 1+ and 2+ cutthroat were captured in a small pool (2 m x 2 m) immediately 
downstream of the perched culverts. 
• No fish captured in Tributary 5.2 but presence of cutthroat and Dolly Varden char 
is documented in Lough (2000). 
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6.3.2 FHAP RESULTS AND DISCUSSION 

6.3.2.1 MAINSTEM REACH 1A 

A total of 139 meters were surveyed in Reach 1A of the Amor de Cosmos mainstem over an 
average gradient of 0.61%. The average bankfull width was 15 meters, with a mean wetted 
width of 10.1 meters at the time of the survey during low summer flows on September 16, 
2008. The percentage of pool habitat was low at 14%, with a corresponding low pool 
frequency of 4.5 channel widths per pool (Photo 8). In comparison, a low gradient mainstem 
reach providing good quality fish habitat has over 55% pool habitat and a pool frequency of 
less than 2 channel widths per pool (Johnston and Slaney 1996). The 2 pools within the site 
were relatively deep, having a residual pool depth of 1.1 and 0.9 meters.  

LWD Frequency is fair at 1.5 pieces per bankfull channel width, but the LWD is clumped in 
old debris jams rather than being well distributed throughout the channel. As a result, wood 
cover in pools was low at 4% and the overall lack of pool habitat in Reach 1A is partially 
attributed to low LWD frequency and clumped distribution of functional LWD. There has 
been little natural recruitment of LWD within the past decade in Reach 1A with the majority 
of LWD the result of logging debris rather than rooted wood.  

Furthermore, there is a limited short term supply of LWD recruitment from maturing riparian 
habitat. The majority of natural riparian vegetation has been removed throughout Reach 1A 
by forestry development and riparian habitat now consists of a deciduous dominated forest 
cover within the floodplain. Above the floodplain elevation, a mature conifer dominated 
forest primarily between 60-80 years old is providing a moderate degree of canopy closure 
ranging from 20 to 100%. There is one stand of old growth along the RB at the confluence of 
Tributary 2.2 (Figure 13, Appendix C). Overhead cover was good at 22% as riparian habitat 
is mature or maturing at 60-80 yrs + throughout Reach 1A, with the exception of a couple of 
riparian polygons where windthrow conditions were observed. Riparian restoration in these 
areas is needed to providing a long-term supply of LWD to the system. Boulder cover in 
Reach 1 is very low as anticipated as low gradient reaches typically do not have a high 
amount of boulder riffle habitat.  

Spawning substrates are abundant throughout the mainstem and sidechannels throughout 
Reach 1A with limited fines or sand substrates observed. In general, bed materials were more 
suitable for anadromous species, but there are isolated pockets of spawning gravels suitable 
for trout species. The mainstem channel is recovering from accelerated sediment loads 
historically, but the channel remains somewhat overwidened with relatively large lateral bars. 

The lack of pool habitat and LWD cover is limiting the amount of high water refuge habitat 
and overwintering habitat in the mainstem for juvenile salmonids. Off channel habitat in 
Reach 1A is relatively abundant and accessible during higher flows. The availability of stable 
off channel rearing habitat will compensate for the lack of winter and high water rearing 
habitat in the mainstem.  

The addition of LWD complexes to Reach 1 will increase cover in pools, increase the 
presence of scour pool habitat and assist in the recovery of high water refuge habitat for 
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rearing salmonids in the mainstem. In the long term, LWD placements will assist in 
recovering natural pool/riffle rations and vertical complexity to the bed profile.  

6.3.2.2 TRIBUTARY 2.2, REACH 1 

Reach 1 of Tributary 2.2 is predominantly cobble and boulder substrates with an average 
gradient of 22.2% giving rise to characteristic riffle-dominant habitat. While the channel 
appears relatively stable evidence of suitable spawning and refuge habitat is limited. As the 
LWD frequency is poor at 0.23 pieces per bankfull channel width, installation of LWD 
features is recommend in suitable locations. Installation of rooted LWD within Tributary 2.2 
is expected to address limiting factors to fish production by increasing the available instream 
cover for fish and increase hydraulic complexity.  

6.3.2.3 ROBERTS CREEK, REACH 1 

Reach 1 of Roberts Creek has an average channel width and gradient of 13.4 m and 0.8% 
respectively. Although the frequency of pools was likely under represented due to moderate 
flow levels at the time of assessment the LWD frequency was poor at 0.77 pieces per 
bankfull channel width (Photo 34). The limited occurrence of functioning LWD in Roberts 
Creek suggests an opportunity to restore a more natural density of available instream cover 
for fish.  

6.3.2.4 MAINSTEM REACH 5A 

A total of 295 m of Reach 5A Amor de Cosmos Creek was assessed, where the gradient 
averaged 0.9% and the bankfull width was 15.7 m. The site provided limited opportunities 
for spawning as boulder substrate was the dominant bed material type with cobble and 
bedrock being subdominant (Photo 35). The quantity of pools observed was poor at 3.7% 
with a poor frequency of 18.8 channel widths per pool. Functional LWD within the sample 
site was moderate at 1.33 pieces per bankfull channel width but instream boulder cover was 
good at approximately 40%. The riparian habitat consisted of a conifer dominated canopy, 
generally less than 40 years old with an absence of veteran trees. Although the Amor 
mainline parallels the channel, machine access is limited due to the characteristically incised 
channel section in riffle dominated segments. 

6.3.3 NUTRIENT SAMPLING 

The status of stream productivity and nutrient availability can be examined by determining 
the concentration of soluble reactive phosphorous (SRP) and dissolved inorganic nitrogen 
(DIN) in the water. SRP, also known as orthophosphate, is the amount of inorganic oxidized 
soluble phosphorous that is bioavailable for photosynthesis and integration into the food 
chain (Ashley and Slaney 1997). DIN is the total amount of available nitrogen, which is the 
total amount of nitrites, nitrates and ammonia (NO3-N+NO2-N+NH3-N). Many coastal 
systems are typically phosphorous limited, having a soluble reactive phosphorous (SRP) 
concentration of < 1ug/L and an adequate dissolved organic nitrogen (DIN) level of > 20 ug/l 
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(Bothwell 1988). Target SRP concentrations are between 3 to 5 ug/L, as excessive 
periphyton biomass can occur when SRP concentrations exceed 10 ug/L. (Ashley and Slaney 
1997).  

Water samples were collected from mainstem Reaches 1B, 2, 4 and 5A as well in Roberts 
Creek, Amor Creek and Cedar Lake tributaries within 50 m of the lake outlets (Figure 14). 
Water samples were collected for low level nutrient analysis to determine the concentration 
of available nitrogen and phosphorous. The optimal time to collect water samples is at the 
beginning of the summer growing season in June. However, water samples were not 
collected until September 12, 2008 due to field timing constraints, but were still collected 
within the summer growing season.  

Typical to coastal streams, DIN concentrations within the mainstem Amor de Cosmos sites 
were near or meeting target DIN concentrations of > 20 ug/L with results ranging between 
~21 to 37 ug/L (Appendix G). However, orthophosphorous levels were low at all sites at < 1 
ug/L. Based on visual observations, algal levels in the lower mainstem reaches and Roberts 
Creek were adequate, indicating sufficient nutrient levels.  

Nutrient analysis results from water sampling sites in Roberts Creek and Amor Creek within 
50 m downstream of the lake outlets had the lowest DIN levels ranging from <9-10 ug/L as 
well as low SRP concentrations of <1 u/L. Lake headed systems can modify downstream 
nutrient levels due to the uptake and retention of nutrients by the lake. In Roberts C, a second 
sample was collected 5.5 km downstream where the DIN level was higher at <21 ug/L but 
SRP continued to remained below target levels. Nutrient levels downstream of Cedar Lake 
had the lowest DIN concentrations of < 10 ug/L as well as low SRP levels at <1 ug/L. 

Stream and lake fertilization is intended to provide an interim supply of nutrients until the 
watershed recovers to a more productive state. Water analysis results identify reduced DIN 
level in streams downstream of lake outlets (McCreight, Roberts, Amor and Cedar) and 
thereby supports consideration of lake fertilization but further investigation and nutrient 
analysis is required to identify highest priority lakes within the middle and upper reaches of 
the Amor watershed. At this time, consideration of a stream fertilization program should be 
postponed until the lake fertilization option is fully considered or implemented.  

6.4  SUMMARY AND RECOMMENDATIONS FOR FISH HABITAT 
RESTORATION  

6.4.1 MAINSTEM, REACH 1A 

Fish production throughout the lower mainstem including other anadromous tributaries are 
potentially limited by the lack of deep holding pools combined with suitable LWD cover, 
which serves to provide refuge from predation and high flows. With the exception of debris 
jams the FHAP results suggest limited occurrence of stable features to support spawning and 
rearing (Photo 36). While pool habitat exists, the moderate rating (lacking functional LWD) 



DRAFT  

Amor de Cosmos Creek 
Stream Restoration Overview & Level 1 Assessment 42 

potentially limits fish production and survival. The installation of eight LWD features is 
recommended within the lower mainstem using a combination of machine and hand labour. 

 
Objectives: To increase high water refuge habitat for spawning and rearing salmonids 
including CO and ST by increasing LWD frequency and restoring habitat complexity in the 
mainstem.  

Benefits: Increased production of salmonids by increasing availability of stable winter refuge 
habitat.  

Risk: Low.   Priority: High.  

Estimated costs: 8 LWD features = $57,000.  

6.4.2 TRIBUTARY 2.2, REACH 1 

Limited instream cover in Reach 1 of Tributary 2.2 suggests an opportunity to develop 
suitable designs for installing features beneficial for fish habitat and hydraulic complexity. 
Rearing habitat throughout Tributary 2.2 is potentially limited by the lack of pool and refuge 
habitat (Photo 37). Especially during winter months, rearing coho and steelhead depend on 
these features for food and shelter from predators and environmental stresses (Shrivel, 1990). 
Reach 1 of Tributary 2.2 offer limited stable pool habitat that support spawning and rearing. 
While pool habitat occurs where LWD exists in concentrated jams, the poor rating potentially 
limits fish production and survival.  

Objectives: Install a minimum of 6 LWD features within the lower reach of Tributary 2.2 
using existing access roads to provide machine access. Increase high water refuge habitat for 
rearing salmonids by increasing LWD frequency and restoring habitat complexity in 
Tributary 2.2. Another objective of the LWD features is to provide cover for holding adults 
as well as provide high quality summer and winter rearing habitat for coho and steelhead. 

Benefits: Increased production of salmonids by increasing availability of stable winter refuge 
habitat in a cost effective manner. Proposed restoration work in the Tributary 2.2 is expected 
to increase annual CO production by 480 smolts per LWD feature. 

Risk: Low.   Priority: High.  

Estimated cost: Estimated cost per LWD feature = $6,000.  
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6.4.3 TRIBUTARY 2.9, REACH 1 

Fish passage at the Bear Bight Road crossing could be improved as the design criteria 
currently used for fish stream crossings is not being satisfied (MoF, 2002). Opportunity 
exists to restore resident fish access to underutilized habitat (Photo 38). The existing crossing 
feature potentially limits access to suitable rearing and spawning habitat for resident fish due 
to a free drop of more than 300 mm and the absence of a control weir and outlet pool (Photo 
39). A detailed stream assessment for Reach 1 of Tributary 2.9 is recommended. Following 
assessment and design procedures outlined in MoF (2002) a suitable crossing feature is 
expected to restore resident fish passage and reduce flood risk associated with frequent dam 
construction being caused by beaver activity.  

Objectives: Examine and develop a rehabilitation plan for the mainline crossing of Tributary 
2.9 that includes evaluating the benefits of restoring resident fish access above the mainline.  

Benefits: Potential increase in resident fish production by restoring access to currently 
underutilized rearing and spawning habitat in a cost effective manner. 

Risk: Low.   Priority: High.  

Estimated cost: OBS = $30,000.  

6.4.4 ROBERTS CREEK, REACH 1 

Reach 1 of Roberts Creek appears relatively stable with an established streamside understory 
and has been identified as important spawning and rearing habitat for resident trout species. 
The majority of the channel substrate is dominated by gravel suitable for supporting 
spawning habitat. Instream features to help stabilize spawning habitat and provide protective 
cover however are lacking (Photo 40). FHAP results include a poor rating for both pool 
habitat and LWD frequency. Available LWD cover for fish is not common in Reach 1 of 
Roberts Creek as functional LWD is typically concentrated in jams offering limited overall 
benefit to the reach. Existing roads located on both sides of Roberts Creek provide ready 
access and opportunity to implement a cost effective fish habitat restoration strategy. 
Proposed restoration could include placement of spawning gravel in combination with LWD 
placements in low gradient habitat where cobble substrates are dominant due to historical 
channel scouring.  

Objectives: Install a minimum of 12 LWD features to help restore the natural frequency of 
functional LWD and habitat complexity.  

Benefits: Improved channel complexity for resident fish. LWD also contributes to the overall 
food supply and nutrient budget. 

Risk: Low.   Priority: High.  
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Estimated cost = $3,000 per LWD feature.  

6.4.5 STREAM/LAKE FERTILIZATION 

On September 12, 2008 water samples were collected from 7 mainstem and lake outlet sites 
within the Amor de Cosmos watershed to determine levels of available nitrogen and 
phosphorous. Logged coastal watersheds like Amor de Cosmos are naturally phosphorous 
limited. While DIN concentrations within the mainstem Amor de Cosmos sites were near or 
meeting target DIN concentrations the orthophosphorous levels at all sites were low at <1 
ug/L, below the target SRP levels of 3-5 ug/L.  

Amor de Cosmos is a good candidate for a multi-year stream/lake fertilization program based 
on water chemistry results, as well as declining escapement for steelhead, chum and coho. It 
is recommended that stream/lake nutrient analysis be repeated in June, prior to 
implementation of a stream enrichment program, to confirm the nutrient status of the highest 
priority lakes within the middle and upper reaches of the Amor de Cosmos watershed. June 
sampling will also better reflect the nutrient availability for the anticipated summer growing 
season. 

Objectives: The primary objective of a stream enrichment program in Amor de Cosmos 
Creek is to increase stream primary productivity. Using slow-release fertilizer to increase 
autotrophic production, our aim is to compensate for reduced salmon escapement, which 
historically supplied a significant amount of marine derived nutrients to the watershed. 

Benefits: Studies have shown that stream fertilization has the potential to increase periphyton 
growth, thereby increasing invertebrate food supply. This in turn may increase growth and 
abundance of juvenile salmonids. Studies continue to show that small increments in juvenile 
and smolt size result in significant increases in overwintering and ocean survival. 
Accordingly, an integrated stream enrichment program in Amor de Cosmos Creek is 
expected to enhance recovery of declining salmonid stocks. 

Due to limited time and budget, the following sites warrant further investigation for potential 
opportunities for fish habitat restoration: 

 
1. Culvert on east McCreight Lake Tributary 700700-28458 on the rock bay Forest 

Service road is a fish barrier, with CT trout population established upstream of a 
stream gradient of 20% and upstream of the culvert barrier. This site warrants further 
investigation to determine the impact on the resident population of CT – LOW 
priority at this time. 

2. An unlicensed and abandoned log dam at the outlet of McNair Lake is being 
examined by MELP to determine whether it requires remedial works (Lough 2000). 
Alteration to the dam will potentially lower the water level of the lake by several 



DRAFT  

Amor de Cosmos Creek 
Stream Restoration Overview & Level 1 Assessment 45 

meters and has potential to limit CT access to spawning habitat as well as affecting 
the three spine stickleback population – LOW Priority at this time 

3. Tributary 5.2 Reach 4: Debris jam and collapsed bridge, LOW priority as stream 
classification is non fish bearing 
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Table 1: Selected unregulated Water Survey of Canada gauging stations on northeast 
Vancouver Island  

WSC 
Station Station Name Area 

(km2) 
MAD 
(m3/s) Record 

08HD006 Salmon River near Sayward 1200 63.0 1956-2006 
08HD007 Salmon River above Memekay River 448 13.6 1960-2006 

08HD015 Salmon River above Campbell L 
Diversion 

269 13.2 1981-2006 

08HF004 Tsitika River below Catherine Creek 360 22.6 1975-2006 
08HF005 Nimpkish River above Woss River 787 59.8 1990-2006 
 
 
 
 
Table 2: Estimated flood flows and unit run-off 

Return Period MAD 1:2 1:5 1:10 1:20 1:50 1:100 1:200
Maximum Daily Flow 
(m3/s) 

9.0 68 152 173 191 212 226 239 

Unit Runoff (m3/s/km2) 0.05 0.3 0.8 0.9 0.9 1.1 1.1 1.2 
 
 
 
 
Table 3: Summary of flow statistics 

Area 
(km2) 

MAD 
(m3/s) 

Annual 7 d Low 
Flow 
(m3/s) 

CPSF
(m3/s)

Annual 
Flood 
(m3/s) 

I/D 
Ratio AF/MAD 7d 

LF/MAD 

201 9.0 0.63 2.3 119.7 1.5 13.3 0.08 
 



 

 
 

 
Table 4: Inconsistencies in fish presence/absence data and current Stream Classification 

Maps for the Amor de Cosmos watershed (Lough 2000) 

Site Lough (2000)/Sayward LUP Stream classification maps 
Tributary 2.2 Salmonid distribution to the falls barrier 

located at approximately km 1.5 
Lower .75 km classified as fish 
bearing 

Notch Lake Tributary Identified as special management for 
“genetic refuge” status for CT 

Tributary to Notch lake and u/s are 
non fish bearing 

 Mainstem Reach 6 to 
Reach 9 (Grace Lake)  

Identified as “critical spawning habitat” by 
the Sayward LUP 

Identified as non fish bearing  

Trib 700700-28458 (East 
side of McCreight Lake) 

Presence of CT confirmed by Lough fish 
sampling 

Identified as non fish bearing. 

 

 

 
Table 5: Summary of length at age data from Coastal Cutthroat trout sampled from 15 lakes 

and tributaries in the Amor de Cosmos watershed in 1997 N=261 (adapted from Lough 
2000). 

Age Fork Length range (m) Weight Range (g) 
0+ 97 6 
1+ 112-186 13-65 
2+ 165-265 41-184 
3+ 202-330 83-390 
4+ 243-399 129-705 
5+ 279-340 182-529 
6+ 387-453 583-740 

 

 

 
Table 6: Known regionally significant species or identified as endangered, threatened or 

vulnerable according to SARA and/or COSEWIC for the Amor watershed (EC 2006) 

Species Status under SARA and COSEWIC
Western Toad (Bufo boreas) Special Concern 
Red legged frogs (Rana aurora) Special Concern 
Western screech owl kennicottii subspecies  
(Otus kennicottii kennicottii) 

Special Concern 

Northern Goshawk laingi subspecies (Accipiter gentiles laingi) Threatened 
Marbled Murrelet (Brachyramphus marmoatus) Threatened 

 



 

 
 

 
Table 7: Air photo roll numbers used in the assessment 

Year Roll No. Year Roll No. 

2003 30BCC03020 1965 30BC4329 

 30BCC03022  30BC4328 

 30BCC03031  30BC4331 

   30BC4320 

 



 

 
 

 

 
Table 8. Fish presence/absence observations and capture by electrofishing and Minnow 

trapping during October 2008 in the Amor de Cosmos watershed.  

Site 
Capture 
method 

Fishing 
Time  

# Fish 
captured/ 
observed 

Fork Length  
( mm)  

Temp 
(oC) 

Comments 

Reach 1A EF 162 sec 2- 0+ CO 
3 - ST/RT 

CO: 70, 110 mm 
ST: 105 mm 

 Sampling site over 100 m d/s of Trib 2.2 
confluence 

Reach 1A VO N/A 50 CO: 50-60 mm  Abundant 0+ coho observed in shallow, 
exposed side channel habitat  

Reach 1B MT – 3 
traps 

3.5 hrs 4 – 0+ CO CO: 60-90 mm 
ST: 90-100 mm 

 Site u/s of bridge along RB at outlet to 
sidechannel 

Trib 2.2  MT – 3 
traps 

3 hrs 10 – 0+ 
CO 

CO: 50-60 mm 9.1 Sampling site included lower 100 m of 
tributary DO 11.1 mg/L 100% sat, traps set in 
pools 0.5 m deep, aggraded channel 

Trib 2.2 EF  320 sec 2 – 0+ CO 
1 ST/RT 

CO : 50, 70 mm,  
ST 75 mm 

9.1 Lower 100 m sampled, 0+ ST observed in 
glides adjacent to undercut banks 

Trib 2.9 MT - 5 3.5 hrs NFC  9.7 Traps set at 0.3-0.4 m depth in pool habitat 
d/s of the mainline road and 3 traps in 
upstream marsh 

Trib 2.9 
d/s 
mainline 

EF 20 3 – CT 
parr/adult 

CT: 90, 180, 200 
mm 

9.7 DO 10.8 mg/L, 92% sat . EF for 40 sec in 
marsh, NFC.  

Trib 5.2 MT – 3 
traps 

5 hrs NFC  7.8 DO 12.4 mg/L, 102% sat, traps set in pool 
habitat at .3-.5 m depth, aggraded channel, 
no LWD complexity 
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Figure 2: Longitudinal profile for Amor de Cosmos mainstem 
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Figure 4: Estimated mean monthly hydrograph for Amor de Cosmos watershed 
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Figure 6: Area harvested by decade within the watershed 
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Figure 9: Even year pink escapement to Amor de Cosmos Creek (1944-2006) 
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Figure 10: Coho escapement for Amor de Cosmos Creek (1942-2007) 
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Figure 11: Chum escapement for Amor de Comos Creek (1942-2007) 
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