
 

 

LIFE HISTORY AND BIOENERGETIC MODELLING OF ADFLUVIAL-LACUSTRINE 

COASTAL CUTTHROAT TROUT PREDATION IN THE CAPILANO RESERVOIR: 

IMPLICATIONS FOR ENDANGERED STEELHEAD, COHO SALMON AND FUTURE 

HOLISTIC WATERSHED MANAGEMENT STRATEGIES. 

 

By 

  

JESSE C. MONTGOMERY 

 

B.Sc., University of British Columbia 

 

A thesis submitted in partial fulfillment of 

the requirements for the degree of 

 

MASTER OF SCIENCE 

in 

ENVIRONMENT AND MANAGEMENT 

 

 

 

We accept this thesis as conforming 

to the required standard 

 

 

.......................................................... 

Dr. Ken Ashley, Thesis Supervisor 

 

.......................................................... 

Michael-Anne Noble, Director 

School of Environment and Sustainability 

 

.......................................................... 

Dr. Anthony Boydell, Thesis Coordinator 

School of Environment and Sustainability 

 

 

 

 

ROYAL ROADS UNIVERSITY 

 

February 2012 

 

© JESSE C. MONTGOMERY, 2012 



2 

Abstract  

Coastal cutthroat trout (Oncorhynchus clarkii clarkii) are the apex predator in the Capilano 

Reservoir. This thesis investigates cutthroat predation via bioenergetic modelling and 

demography, and genetic analysis of hybridization with coastal rainbow / steelhead trout  

(O. mykiss irideus). The bioenergetics model, based on stomach content analyses, reservoir 

temperature and growth rates, in conjunction with predator abundance, estimates that adult trout 

in the reservoir consumed 6.4% of coho (O. kisutch) smolt production in 2010. No evidence of 

cutthroat predation on juvenile steelhead out-migrants was detected, and a gape prey maximum 

of 36% of predator body length was found. Moderate hybridization rates between cutthroat and  

rainbow trout were detected, as well as previously unknown pure strains of adult rainbow trout in 

reservoir waters, indicating reservoir residualization. Cutthroat trout are currently a „second tier‟ 

management species in the Capilano Watershed, and greater understanding and appreciation of 

their adfluvial-lacustrine life history will facilitate informed decision-making for trout 

conservation and restoration, and coho management in the reservoir and the Capilano Watershed. 
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Introduction 

Coastal cutthroat trout (Oncorhynchus clarkii clarkii Richardson, 1836) (herein referred 

to as CCT) have received little attention in Capilano River Watershed fisheries studies. Historical 

and contemporary research by provincial and federal agencies and Metro Vancouver
1
 in the 

Capilano System are focused on anadromous salmonids, notably sea-going coastal rainbow trout 

(O. mykiss irideus Gibbons, 1955) (herein referred to as steelhead) and coho (O. kisutch 

Walbaum, 1792). CCT population research is sparse relative to Pacific Salmon and steelhead, 

which is generally the case throughout the Pacific Northwest (Slaney, 2005). The lack of focused 

research on Capilano CCT warrants further consideration given their niche as potential predators 

on primary management species, their provincially blue-listed status, a lack of knowledge in 

regard to wild lacustrine stocks of CCT (Slaney, 2005), and potential hybridization with the 

endangered steelhead gene pool. The life history of the CCT population in the Capilano 

Reservoir and its potential impact on other fish species, especially in regard to steelhead in 

critical danger of extirpation from the Capilano System, is examined in this thesis project.  

Thesis Hypotheses & Project Goals 

A thorough understanding of CCT genetics, bioenergetics, and demographics is required 

for informed fisheries management in the Capilano Reservoir. I hypothesize that CCT have a 

measureable predation impact on juvenile coho, but not on steelhead in the Capilano Reservoir 

                                                 

 

1
 In 2007, Metro Vancouver became the new name for the formerly known Greater Vancouver Regional District 

(GVRD), which includes the Greater Vancouver Water District (GVWD) and Greater Vancouver Sewerage and 

Drainage District (GVS&DD).  
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due to differential prey size and abundance. This hypothesis is explored with a bioenergetics 

model utilizing CCT stomach sample analyses, demographics and environmental parameters. 

This thesis relates predator abundance estimates and prey consumption to an annual smolt yield 

estimate from the upper watershed. Of key importance is whether CCT are preying on steelhead, 

which is a challenge to quantify given critically low steelhead abundance. If CCT are preying on 

steelhead, is it plausible that the predation is negatively impacting population sustainability (i.e. 

decreased escapement). I hypothesize that CCT are hybridizing with O. m. irideus, and this is 

also examined in the Capilano Reservoir. Management recommendations are proposed that 

integrate the knowledge gained from this thesis to CCT and steelhead conservation, and 

restoration, and the broader context of holistic aquatic ecosystem management in the Capilano 

River Watershed.  

Study limitations.  

 The complexities of biological systems and aquatic food webs inherently leave many 

unanswered and new questions for inquiry. This study is focused on the population of CCT in the 

Capilano Reservoir. The migratory timing and behaviour of this species in the upper Capilano 

Watershed riverine habitat remains largely unknown for this population. This analysis of the 

reservoir trout population contributes information to one important piece of a complex and 

multifaceted aquatic ecosystem.  

Study Area: Capilano Watershed 

The Capilano River flows southward from its headwaters 32 kilometres north of 

Vancouver and drains into Burrard Inlet immediately to the west of the Lions Gate Bridge as a 

fifth order stream (Figure 1). Cleveland Dam is located eight kilometres from downtown 

Vancouver and retains the Capilano Reservoir. The dam also marks the southern edge of the 
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restricted access portion of the Capilano Watershed, which is 19, 800 hectares (198 km
2
) within 

the Pacific Ranges of the Coast Mountains. The Capilano Watershed is one of three montane 

drinking water supply areas with provision to the approximately two million people in the 18 

member municipalities, one treaty First Nation and one electoral area within the GVWD. The 

Capilano Valley has a relatively long regional history of resource use, namely the harvest of old-

growth timber and world class sport-fishing, and has supplied water to the residents of 

Vancouver since 1889 (Morton, 1970). The Capilano, Seymour and Coquitlam Watersheds are 

classified as Crown land (88%) and fee simple (12%). Crown lands are leased by the GVWD 

from the BC provincial government under a 999 year term since 1927
2
 at a cost of one dollar per 

year (GVRD, 2002). 

  

                                                 

 

2
 The lease for the Coquitlam Watershed originates in 1942. 
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Figure 1. The location of the Capilano Reservoir and lower watershed relative to Vancouver. 

The border line indicates the topographic divide of the Capilano Watershed. 

 

Capilano Reservoir. 

The Capilano Reservoir was formed following the construction of Cleveland Dam and 

subsequent flooding of approximately 5, 400 metres of the river valley in 1954 – 1955. The 

reservoir is replenished by the Capilano River flowing into its northern extent and numerous 

direct reservoir tributaries. At full pool, the Capilano Reservoir surface elevation is 146 metres 

above geodetic datum, approximately 243 hectares in size (Metro Vancouver GIS files) and has a 

maximum depth of 91.4 metres (Perrin, 2003) at its southern extent in the former river canyon 

adjacent to the dam. The Capilano Reservoir is bound by second-growth, mixed conifer and 
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deciduous forests within the Coastal Western Hemlock dry maritime and sub-montane very wet 

maritime biogeoclimatic ecosystem classification subzones. The temperate maritime climate and 

geologic history of the watershed result in a warm monomictic and ultra-oligotrophic reservoir. 

The reservoir is subject to annual summer-fall drawdown between 8.4 m and 12.6 m (Perrin, 

Ashley, & Larkin, 2000) with likely implications for the habitat of fish and other lacustrine biota.   

Capilano Watershed fish community. 

Fish species known to occur in the Capilano Reservoir and its tributaries include CCT,  

O. m. irideus, coho, prickly sculpin (Cottus asper), lamprey (Lampetra sp.)
3
 and Dolly Varden 

char (Salvelinus malma) (personal observation; Ladell & McCubbing, 2008; Ladell & 

McCubbing, 2009; Perrin, 2003; Vernon & Hourston, 1957). CCT x O. m. irideus hybrids 

(cutbows) were an unconfirmed probable inhabitant of the reservoir, although this thesis 

addresses this missing piece of information.  

Capilano River system: anthropogenic impacts on salmonids. 

Cleveland Dam and the impounded Capilano Reservoir have caused substantial changes 

to fish habitat in the upper watershed and the lower river below the dam. The completion of the 

dam in 1954 resulted in a complete barrier to returning anadromous fish and the loss of over 95% 

of historical spawning habitat and 75% of rearing habitat (Diewert, Evers, Dickson, Tadey, & 

Galbraith, 2004). Adult salmon return to the federal Capilano Salmon Hatchery (below the dam) 

and are captured and held by a system utilizing a river-blockade weir, fish ladder, trap, elevator 

and ponds constructed by the GVWD and operated by the hatchery. A portion of adult steelhead 

                                                 

 

3
 Perrin (2003) identified the Lampetra sp. as western brook lamprey (Lampetra richardsoni).  
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and coho
4
 not used for hatchery brood stock are moved by truck tanker to the upper watershed 

for spawning given the many kilometres (~ 100 km) of upper watershed spawning habitat 

(GVRD, 2002). Coho (0 – 403,659) and steelhead (0 – 42,170) fry from the hatchery are also 

released upstream of the dam for juvenile rearing in most years (Ladell & McCubbing, 2010). 

Given mandatory reservoir passage, outmigration timing of coho and steelhead smolts (SHS) has 

been affected by the reservoir and made them more susceptible to CCT predation. Coho required 

an average of 4.8 days to migrate downstream the length of the reservoir when measured in 1953 

-1954 prior to the valley being flooded (Vernon & Hourston, 1957). This migration time 

increased to 27 days in 1955 for passage through the newly formed reservoir which is consistent 

with a change in behaviour from determined downstream migration to schooling and feeding 

(Vernon & Hourston, 1957). Although this represents a dated and temporally limited sample, it is 

nonetheless a valuable piece of data collected prior to the river valley being flooded. The 

increased duration for out-migrating smolts to transit the reservoir is a concern given a 

lengthened period of predation risk by other salmonids (Groot & Margolis, 1991). There is now 

an established adfluvial-lacustrine
5
 population of CCT, at larger sizes than would be expected in 

a natural ultra-oligotrophic riverine system (McPhail, 2007), in the Capilano Reservoir.  

Capilano salmonid mitigation. 

In 2007, the Outdoor Recreation Council of British Columbia (ORC) (2007, p. 2) listed 

the Capilano River (“. . . and other Greater Georgia Basin steelhead streams”) as the second most 

                                                 

 

4
 The number of each species transported fluctuates from year to year and rarely includes any steelhead.  

5
 The term adfluvial-lacustrine refers to a life history of CCT where fish migrate between rivers / creeks and lakes / 

reservoirs as described by Slaney (2005). 
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endangered river in British Columbia given considerable fish passage and habitat concerns 

requiring mitigation. A steelhead stock of extreme conservation concern (Lill, 2002), the 

undertaking of a provincial Water Use Plan, and the ORC listing of the Capilano as an 

endangered river have resulted in a resurgence of attention to Capilano salmonid mitigation. The 

intent to possibly retrofit the existing dam or bypass infrastructure with hydropower turbines will 

present future opportunities to address salmonid passage concerns, with coupled construction of 

hydroelectric and fish passage facilities.  

Despite the truck transport of juvenile and adult salmonids into the upper watershed 

above the dam, fish passage structures for out-migrating juveniles are inadequate. The mortality 

of smolts passing over the dam spillway was initially assessed in 1955 and 1956, at a 

considerable rate of 69% for steelhead and 57% for coho (Morton, 1970). Fish condition 

following passage over the dam in poor, moribund or dead condition, over a seasonal range of 

discharge, was later estimated at 76.7% for coho and 38.5% for steelhead by Diewert et al. 

(2004). Ladell and McCubbing (2008) found 68.6% mortality for coho passing over the dam. As 

a tentative solution to downstream smolt mortality associated with the dam structure, Metro 

Vancouver
6
 in conjunction with the Squamish First Nation, Fisheries and Oceans Canada, the 

BC Ministry of Forests, Land and Natural Resource Operations and Living Rivers
7
, have been 

                                                 

 

6
 Instream Fisheries Research Incorporated (consultancy) has been involved from 2008 to present as an agent of 

Metro Vancouver.  

7
 Living Rivers was a 21 million dollar trust fund established by the BC government with a vision “to create a legacy 

for the province based on healthy watersheds, sustainable ecosystems and thriving communities” (Living Rivers, 

para.1, n.d.).  Living Rivers is expected to terminate in 2012 due to a lack of continuing government mandate. 
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collaborating on capturing out-migrating coho and SHS in the upper river and reservoir, 

transporting them by truck, and releasing them downstream of the dam since 2008. The smolt 

trap and transport operations have raised concerns regarding CCT predation and allowed this 

thesis project the necessary resources to be completed as the CCT are essentially by-catch of this 

initiative.  

Coastal Cutthroat Trout (Oncorhynchus clarkii clarkii) 

CCT have the distinction of being the first of the O. clarkii sub-species described by 

science. In the mid-nineteenth century, specimens were collected by a contemporary of Charles 

Darwin, Meredith Gairdner, who sent samples to Dr. John Richardson in Edinburgh for 

description (Trotter, 2008). CCT occur within a 2,000 mile range from Northern California to 

Prince William Sound, Alaska (Behnke, 1979; Trotter, 1989; McPhail, 2007) which is the largest 

range of the O. clarkii sub-species (Trotter, 2008). The CCT range coincides with the coastal 

rainforest of Western North America (Trotter, 2008; Waring & Franklin, 1979). No other 

salmonid species or sub-species so accurately match a specific ecosystem (Trotter, 2008). CCT 

have been genetically isolated from other O. clarkii sup-species for approximately one million 

years (Behnke 2002).  

General life history. 

McPhail (2007) considers O. clarkii polytypic as they occur in numerous morphological 

and life history forms with 14 recognized sub-species,
 8

 two of which are now extinct (Trotter, 

2008). Two of the fourteen sub-species occur in British Columbia (CCT and O. clarkii lewisi). 

CCT can be resident (in headwater streams), potamodromous (migration within fresh water) or 

                                                 

 

8
 Behnke (2002) notes four major sub-species. 
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amphidromous (Trotter, 1989; Trotter, 2008). The term amphidromous is more descriptive than 

anadromous for a species that travels back and forth between freshwater and marine habitat for 

forage, reproduction and refuge. This amphidromous life history can also be referred to as semi-

anadromous or more commonly as sea-run (Behnke, 2002). Slaney (2005) describes four CCT 

life history forms and includes anadromous (used in place of amphidromous) and resident but 

breaks potamodromous (Trotter 1989) into two further definitions: adfluvial-lacustrine (rivers / 

streams - lakes) and adfluvial (rivers - streams). I believe based on field observations, anecdotal 

evidence and supporting literature that all four of these described CCT life history types occur in 

the Capilano Basin. It is important, however, to recognize that CCT life histories are highly 

plastic amongst populations (Slaney, 2005). Like the common names of species, the names 

assigned to life histories can create confusion in fisheries nomenclature. For clarification, this 

project has focused on the adfluvial-lacustrine trout (CCT, O. m. irideus and their hybrids) in the 

Capilano Reservoir. The naming conventions and choices between scientific and common names 

used in this thesis are intentional to most accurately reflect the species or life history being 

discussed. The derivation of the O. m. irideus and CCT sub-species and their respective life 

histories is depicted in Figure 2.  
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Figure 2. Nomenclature and partial life history descriptions of the Oncorhynchus spp. associated 

with coastal BC. Note two distinct life histories within the O. m. irideus sub-species and four 

within O. c. clarkii. Focus species and life histories of this project are shown in yellow.  

 

Conservation status. 

Both CCT and westslope cutthroat trout (O. clarkii lewisi) are blue-listed species by the 

British Columbia Conservation Data Centre (BCCDC), although effective legal protection of 

these species is minimal. Occurrence on the BCCDC blue-list is a function of those species or 

sub-species of “special concern because of characteristics that make them particularly sensitive 

to human activities or natural events” (BC Ministry of Environment, 2007, “Blue List” para. 2). 

CCT are noted by Behnke (2002) as being highly sensitive to environmental changes and are 

often the first species to be affected by poor logging practices and the last to return to 
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compromised habitat. Griswold (2006) ranks fisheries management directed at other species as a 

moderate-high potential impact on CCT sustainability in BC. This is relevant to the Capilano 

System where CCT are generally unacknowledged in favour of steelhead and coho management. 

Coho enhancement projects, of which there are some in the upper Capilano Basin, can threaten 

CCT by producing large coho fry which displace juvenile CCT into marginal habitat (McPhail, 

2007).  

Piscivory & implications for coho and steelhead juveniles.  

CCT are documented piscivores of salmonids and other fishes (Beauchamp, Vecht, & 

Thomas, 1992; Cartwright, Beauchamp, & Bryant, 1998; Hazzard & Madsen, 1933; Nowak, 

Tabor, Warner, Fresh, & Quinn, 2004; Slaney, 2005; Trotter, 1989; Duffy & Beauchamp, 2008; 

Duffy, 2009; Jauquet, 2002) and are capable open-water predators on juvenile salmonids in 

larger lakes that support sockeye (Oncorhynchus nerka) (McPhail, 2007). In lakes, CCT are 

known to consume sticklebacks (Gasterosteus spp.), sculpin (Cottus spp.), longfin smelt 

(Spirinchus thaleichthys) and peamouth (Mylocheilus caurinus) (McPhail, 2007). Biological 

interactions amongst species must be altered in order for anadromous salmonid populations to 

decrease by means of predation (Fresh, 1997). Alterations noted by Fresh (1997) include 

hatchery introductions, environmental changes (e.g. dams and reservoirs) and changes to 

predator / competitor abundance. Fresh (1997) further describes that these interactions must 

result in fewer adult spawners to ultimately impact population sustainability.  

Growth and maximum size of O. clarkii are a function of: hereditary factors, habitat type, 

availability of food and life span, with the largest specimens occurring in the presence of 

abundant fish prey (Behnke, 2002). Behnke (2002) lists resident life history fish up to 200 mm 

snout-fork length (SFL) and amphidromous CCT up to 560 mm SFL. Adfluvial-lacustrine CCT 
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reach the largest sizes of the life history forms with an unconfirmed maximum size fish of 7.7 kg 

from an unnamed BC lake and a more reliable record of 5.4 kg from Washington State (Behnke, 

2002). Trotter (2008) lists the record CCT at 6.8 kg from Lake Washington in 2002. 

CCT are opportunistic and known to take advantage of high volumes of prey where and 

when juvenile salmonids are out-migrating to the ocean (Behnke, 2002; Duffy, 2009; Jauquet, 

2002). Duffy & Beauchamp (2008) found juvenile salmonids composed 50% of amphidromous 

CCT fish prey from April through June in Puget Sound, Washington. CCT become increasingly 

piscivorous with size (Cartwright et al. 1998; Hazzard & Madsen, 1933 (O. clarkii); Trotter, 

1989; Beauchamp et al. 1992; Duffy, 2009; Keeley & Grant, 2001), with up to 95% of wet 

weight consumption composed of fish prey (Nowak et al. 2004).  

CCT have a long maxillary extending past the rear margin of the eye, large teeth and 

teeth on the shaft of the vomer which are conducive to piscivory (Slaney, 2005; McPhail, 2007), 

as well as useful identifiers to separate them from O. m. irideus which can be problematic. 

Adfluvial-lacustrine CCT populations are top predators in many lakes of the western United 

States (Beauchamp et al. 1992) and also appear to be in the Capilano Reservoir. CCT are 

especially piscivorous in larger lakes (Slaney, 2005). The piscivorous population of CCT in the 

Capilano Reservoir could have an impact on steelhead and coho populations if their numbers 

were large enough, as Nowak et al. (2004) hypothesized for CCT predation on sockeye in Lake 

Washington, where CCT abundance was unknown. In the contemporary Cohen Commission 

examination of the unexplained disappearance of 2009 (and historical) Fraser River sockeye 

escapement, CCT predation on sockeye fry was examined by Christensen and Trites (2011) as a 

partial explanation for the missing sockeye. CCT abundance is unknown in the Fraser system, 
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and CCT were subjectively assessed as not being a probable factor in explaining the 2009 

sockeye escapement losses.  

Vernon and Hourston (1957) made a prediction that CCT and Dolly Varden, which had 

already been noticed in the Capilano Reservoir shortly after completion of the dam, would 

continue to exhibit population growth and prey on vulnerable out-migrant steelhead and coho. 

This appears to have held true for CCT, although there does not currently appear to be a 

significant population of larger Dolly Varden capable of preying on juvenile salmonids (personal 

observation). Vernon and Hourston (1957) estimated a 20% loss to the steelhead and coho out-

migrant population through the combined factors of predation and residualism in the newly 

formed Capilano Reservoir. Vernon and Hourston (1957) verified apparent residualism based on 

scale aging of gill-netted coho and steelhead juveniles, but the effects of predation were not 

quantified. The salmonid mitigation projects since 2008 on the Capilano Reservoir have renewed 

questions as to the extent of CCT piscivory on steelhead and coho. Prior to this thesis project 

there had been no formal estimates of CCT abundance in the reservoir or dietary analyses, thus 

estimates of cumulative predation impacts were speculative. 

A remnant amphidromous CCT population in the reservoir? 

Much of the lower river habitat below the dam became degraded by a large flood in 

November of 1949, which caused extensive property damage including the loss of the Marine 

Drive bridge crossing, and resulted in subsequent flood-plain channelization by humans (Pete 

Broomhall, personal communication, 7 December, 2011). Nonetheless, of all study streams 

analyzed from the Lower Mainland and Sechelt Peninsula in a sea-run angling study, the 

Capilano River was the most popular spot for sea-run CCT angling at 71 days / year / angler (De 

Leeuw & Stuart, 1981). Lingren (2002) historically regards the Capilano River as a world class 
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angling river with fishermen travelling there at the turn of the last century for coho, steelhead 

and cutthroat. Eric Carlisle (personal communication, 29 December, 2010) reported catching a 

2.5 kg amphidromous CCT in the lower river in early March, 1967. Whereas CCT were usually 

just by-catch while targeting steelhead, Carlisle also spoke of specifically targeting 

amphidromous CCT in the estuary downstream of the rail bridge. In the 1980s there was an egg 

incubation and juvenile rearing program for sea-run CCT at the Capilano Salmon Hatchery.
9
 

Despite some anecdotal evidence supporting recent occurrences of sea-run CCT in the lower 

river, it is unclear as to the status of an amphidromous population utilizing the marginal habitat 

in the lower river below the dam.  

Pete Broomhall (personal communication, 7 December, 2011) angled the entire river 

including the section above the existing dam prior to its construction. He reports zero catch of 

amphidromous CCT upstream of the current dam site which had a modest waterfall which may 

have been formidable to returning CCT relative to the more agile steelhead and coho. It is a 

challenge to quantify the possibly remnant sea-run population given only slight genetic 

distinction between life histories which can be undetectable and occur in the same water bodies 

(Trotter, 2008). It is however conceivable that following the construction of Cleveland Dam, a 

proportion of fish predisposed to marine migration began to live out the normally marine phase 

of their life history in the reservoir. Trotter (2008) describes the work of Suzy Graves in the Yale 

and Swift reservoirs in Washington State where a CCT population isolated from sea by a dam 

were suspected of being a former sea-run population due to similar adfluvial-lacustrine run-

                                                 

 

9
 Unpublished records from the Capilano Salmon Hatchery confirm CCT incubation and rearing in at least 1981 and 

1987.  
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timing as the former amphidromous stocks. Trotter (2008) specifies amphidromous CCT 

adapting to a lacustrine life history in the case of reservoirs being created for water supply (and 

hydroelectric power and flood control).  

Knowledge gaps. 

CCT are the least studied of the seven Oncorhynchus spp. occurring on the west coast of 

North America and are not fished commercially as are the Pacific Salmon (Griswold, 2006; 

Johnson et al. 1999). Pacific Salmon have higher resource management priorities (Griswold, 

2006) and are the focus of comparatively ample academic and industry research.  Little is known 

about the status of wild lake stocks (i.e. adfluvial-lacustrine) of CCT in relation to the other life 

history forms (Slaney, 2005). Griswold (2006) identifies CCT as a generally secondary 

management species and thus there is a lack of data sets specifically designed for CCT 

management. This is also true for the Capilano System where CCT are an assumed predation 

nuisance to the sustainability of steelhead and coho stocks, despite no supporting site-specific 

research. Development of thorough understanding of CCT ecology is the first identified 

management strategy in a provincial CCT (and O. clarkii lewisi) conservation and restoration 

strategy referred to by Slaney (2005).  

Coastal Rainbow Trout (Oncorhynchus mykiss irideus) 

Steelhead are the anadromous life history form of the same species commonly referred to 

as rainbow trout, which are among the most studied fish species in the world (McPhail, 2007). 

The Capilano System has both anadromous and probably stream-resident life history forms of  

O. m. irideus as described by Behnke (2002) as the two basic life histories. It is the  

O. m. irideus sub-species that has been most widely used in rainbow trout fish culture and 

ubiquitously stocked domestically and internationally for angling since the late nineteenth 
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century (Behnke, 2002). Similar to CCT, stream-resident O. m. irideus reach sizes of 200 mm 

SFL, whereas steelhead reach sizes of up to 1,000 mm and nine kg after spending up to half their 

lives in the Pacific (Behnke, 2002). O. mykiss are only yellow-listed by the BCCDC which 

classifies species not as risk of extinction. The BCCDC does not however distinguish the  

O. m. irideus sub-species or individual populations, and likely takes into account the massive 

distribution of rainbow trout throughout the province, failing to recognize threats to steelhead 

populations. Most critically, summer and winter-run steelhead in the Capilano System are 

considered to be in the extreme conservation concern zone in the Greater Georgia Basin 

Steelhead Recovery Action Plan (Lill, 2002), which is defined as “Stocks believed to be at 10% 

or less of habitat capacity and subject to likely extinction if they are in decline for more than one 

or two generations” (Lill, 2002, p. 31).  

Capilano steelhead generally spend two – three years in freshwater prior to smolting 

(Perrin, 2003; Metro Vancouver / Instream Fisheries Research Inc., unpublished data) which is 

common to steelhead (McPhail, 2007). Capilano steelhead must travel through the reservoir and 

successfully bypass potential adult trout
10

  predation and travel over a dam spillway associated 

with high mortality. The fluvial habitat preferences of steelhead (McPhail, 2007) are not 

consistent with reservoir conditions which they must endure in order to complete migration to 

marine waters.  

SHS susceptibility to adult trout piscivory in the reservoir may be less than coho given a 

larger smolt size and predator saturation associated with the coho outmigration (Dr. K. Ashley, 

                                                 

 

10
 The classification of adult trout refers to O. m. irideus, CCT and their hybrids measuring ≥ 200 mm SFL. This term 

holds through this thesis given uncertain species distinctions during the research phase of this project.  
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personal communication, 25 June, 2010). The predators being saturated with coho prey would 

result in decreased mortality rates with increased prey density (Christensen & Trites, 2011). If 

SHS movement through the reservoir is faster relative to lingering or rearing coho, it may 

indicate that the steelhead are not a critical food source for the CCT. That is, the possibly short 

duration passage through the reservoir and low SHS densities are unlikely to create predator 

aggregation or increases to long-term reproductive success of the CCT population where the 

predators are likely operating at the low end of their functional response curves (Peterman & 

Gatto, 1978).  In addition, the possible pelagic travel patterns of SHS versus the littoral travel of 

coho (smolt transport project observations) may also reduce adult trout predation on steelhead 

relative to coho.  

Steelhead are commonly categorized into winter-run fish, which return to freshwater as 

adults in the fall and winter (November - April), and summer-run fish, which enter freshwater in 

the spring and summer (May - September) (Behnke, 2002). Figure 3 shows adult steelhead 

escapement to the Capilano Hatchery since 1996. This includes a single returning summer-run 

adult fish for 2007 and zero for 2009. Note that this data also includes numerous occurrences of 

fish straying from the Seymour River, as indicated by a maxillary clip, including 29 / 32 summer 

returns from 2001 (Capilano Hatchery, unpublished data).  Vernon and Hourston (1957) 

estimated an annual pre-dam steelhead return of 1,500 – 2,000 (summers and winters combined) 

to the Capilano System.  
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Figure 3. Escapement of adult steelhead to the Capilano Hatchery since 1996 including brood-

stock angled fish and fishway returns, with the lowest values occurring for summers in 2007 (1) 

and 2009 (0). 

 

A high percentage (exact value unknown) of steelhead escapement is hatchery-marked 

fish (adipose clip) with most returns composed of few wild
11

 fish.  Classifying the Capilano 

steelhead stock as an extreme conservation concern (Lill, 2002) could be considered an 

understatement. This severely depressed population has likely resulted in inbreeding in captive 

breeding at the hatchery and in fish remaining in the river. Lill (2002) refers to these genetic 

bottlenecks of particular concern to stocks in the extreme conservation concern zone. This 

                                                 

 

11
 The term wild has been chosen to describe these fish rather than unmarked despite hatchery ancestral origin to 

all anadromous salmonids in the upper Capilano Basin given no transport of adult spawners to the upper 

watershed from 1976 – 1996.   
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inbreeding depression may impact fitness traits such as SFL, weight and fecundity and further 

curtail efforts at wild steelhead conservation (Wang, Hard, & Utter, 2002; Dauer, 2007) in the 

Capilano Basin. Lill (2002) notes a requirement of smolt survivorship in the 4 - 5% range in 

order to simply replace populations. This is not currently being met and higher rates are required 

to grow the steelhead population. Until greatly improved dam fish passage facilities are 

constructed, there are few options that can be pursued at the watershed management level to 

increase steelhead escapement. Improving freshwater smolt fitness and reservoir capture 

efficiencies are currently the best means for sustaining steelhead populations at this scale. 

Realistically, steelhead restoration efforts in the Capilano may eventually require upper 

watershed stocking of hatchery raised juveniles from another nearby watershed.  

Hybridization: Oncorhynchus clarkii clarkii x mykiss irideus  

 O. mykiss and O. clarkii diverged from a common ancestor approximately two million 

years ago (McPhail, 2007). In un-manipulated systems, CCT and O. m. irideus maintain 

ecological separation given different habitat preferences (Trotter, 2008). They generally maintain 

reproductive isolation although hybridization in natural systems has always occurred (Behnke, 

2002). CCT generally prefer smaller tributary streams as opposed to the larger streams and rivers 

preferred by O. m. irideus (Trotter, 2008). An earlier spawning timeframe for CCT further 

facilitates reproductive isolation (Trotter, 2008).  Higher rates of hybridization between the two 

species is often associated with human manipulation by means such as the formation of 

reservoirs (McPhail, 2007; Behnke, 2002), which block returning adult spawners and alter water 

flows and temperature (Behnke, 2002). Hatchery stocking of both CCT and O. m. irideus has 

resulted in high hybridization rates in many systems (Behnke, 2002). 
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Bioenergetics Modelling 

A bioenergetics model for adult trout was constructed for this project to verify 

circumstantial predator / prey relationships in the Capilano Reservoir and the implications of 

these relationships. Bioenergetics models can effectively estimate population level consequences 

to fish populations in anthropogenically manipulated systems (van Poorten & Walters, 2010) 

such as the Capilano. Bioenergetic parameters were collected for this project and combined with 

predator abundance estimates to generate total annual (model year) consumption by prey type. 

Bioenergetics models have been successfully applied in many fisheries research projects 

including CCT model development in Washington State and Alaska to evaluate lacustrine 

predation on sockeye and marine predation on juvenile salmonids (Beauchamp, LaRiviere, & 

Thomas, 1995; Duffy & Beauchamp, 2008; Cartwright et al. 1998). 
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Field Methodology 

Sampling Permits and Data Collection  

Sampling of adult trout in the Capilano Reservoir was conducted under research permit 

from the BC Ministry of Forests, Lands and Natural Resource Operations (#SU10-61318 and 

SU11-68284) and review of the University of British Columbia (UBC) Animal Care Committee. 

Fish sampling techniques including scale samples, length and weight measurements were 

collected in accordance with the Fish Collection Methods and Standards (BC Ministry of 

Environment, Lands and Parks (MELP) Fish Inventory Unit for the Aquatic Ecosystems Task 

Force, Resources Inventory Committee (RIC) (1997) as described below.  

Genetic Sampling & Analysis 

 As a late addition to this project, and given some questionable species identifications and 

possible implications for the endangered steelhead gene pool and CCT conservation, genetic 

samples were analyzed to determine hybridization occurrence amongst trout in the reservoir. 38 

randomly selected trout (36 ≥ 200 mm, 2 < 200 mm) from angled fish used for stomach samples 

and trap net captures were utilized along with 12 additional fish (7 ≥ 200 mm, 5 < 200 mm) 

chosen to confirm questionable species identifications. Samples were collected between 

November 4
th

, 2010 and May 12
th

, 2011.  

A small section of the left pelvic fin (~ 5 x 5 mm) was clipped and placed in non-

denatured 90% ethanol in 5 millilitre snap-top tubes. The collected samples were analyzed at the 

UBC Department of Zoology in Dr. E. Taylor‟s lab in conjunction with 20 O. mykiss and 30 

CCT on file samples of known species purity for baseline comparison. Fluorescence-based 

detection and polymerase chain reaction were used to differentiate CCT, O. mykiss and hybrids 

based on five different diagnostic markers – Om11, Occ16, Occ34, Occ36 and Occ42 (10 alleles 
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at five loci) (Taylor, 2011). Results of the DNA profiling include categorization of sampled fish 

into six genotype classes as described by Taylor (2011); pure CCT, pure O. mykiss, first 

generation hybrids, second generation hybrids and backcrosses to each of the species. Pure CCT 

or pure O. mykiss were those with 10 / 10 diagnostic alleles and those classified as hybrids had at 

least one allele from each species. The computer software program NewHybrids was used for 

probability analysis of the data in the UBC lab.  

Anaesthetic 

All fish sampled for DNA profiling, tagging and / or measurements as described below 

were anaesthetized. An ethanol : clove oil solution (9:1)  at approximately 25 mg/L in fresh 

aerated water was used as anaesthetic in order to reduce fish stress and make fish handling a 

faster and easier task.
12

 Clove oil is note completely soluble in water less than 15
◦
C thus 

requiring solution in ethanol for effective application (Anderson, McKinley, & Colavecchia, 

1997). Dosage amounts were not consistently administered as fish size and water temperature 

impact the effectiveness of the anaesthetic (Borski & Hodson, 2003). All fish were recovered in 

fresh aerated water in 77 litre pails immediately after tagging and assessed as being in excellent 

condition prior to release back into the reservoir. 

  

                                                 

 

12
 Eugenol (95%) is the active ingredient in clove oil (Borski & Hodson, 2003).  
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Fish Capture 

Fish were captured in one of eight reservoir trap nets (TNs) or one of two rotary screw 

traps (RSTs).TN and RST locations are shown in Figure 4. TNs were checked each morning 

during the peak of smolt outmigration with occasional skipped days when catches were minimal. 

RSTs were checked daily
13

 and were winched into the shoreline for dip-netting fish from the 

holding pen. TNs were checked by boat with two person crews manually pulling the bottom of 

the trap box to the surface and dip-netting the fish out into 77 litre pails re-supplied with fresh 

lake water as required.  

 

                                                 

 

13
 RSTs were occasionally left tied off to shore and not fishing when weather forecasts indicated high flows. This 

was to prevent trap damage, debris-loading and increased fish mortality.  
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Figure 4. The Capilano Reservoir and its tributaries (Metro Vancouver GIS files). TN and RST 

locations used for fish captures during the 2011 smolt recovery project are indicated. Cleveland 

Dam and the location of the temperature logger used for the bioenergetics model are also 

marked. 

 

Trap net material is green knotless nylon, ½” – ¾” (13 – 19 mm) stretched 10 gauge 

mesh. The typical trap net design (Figure 5) included six metre long wing sections with floats on 

the top, lead line on the bottom edge and a depth of three metres. The lead sections were 17 

metres in length and three metres in depth, although some of the lead nets were partially 

modified to create a five metre deep catchable area. The lead net was tied off to a tree on shore 
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and anchors (3) secured the wing sections and back of the trap box opposite the lead connection. 

Some net systems were modified with additional length added to lead and wing sections in 

attempt to increase capture efficiencies. Trap nets were located on prominent points of land 

along the shoreline to best catch congregating schools of coho and SHS (Ladell & McCubbing, 

2008), with the exception of TN7 in 2011, which was anchored in the pelagic zone at the 

narrowest point of the reservoir. Fish can be captured when swimming in either direction along 

the shoreline and are guided into the trap box by the lead and wing nets. Further details on trap 

net systems are available in Perrin (2003), Beamish (1973) and from the author upon request. 

RSTs (Figure 6) were suspended from independent cableways and placed for best thalweg 

coverage. RSTs had overall drum diameters of 244 and 183 mm and were covered by 12 mm 

mesh (Ladell & McCubbing, 2010).  
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Figure 5. General layout of the trap nets used in this project (figure partially adapted from 

Beamish, 1973). 

 

Figure 6. RST 1 and RST 2 fishing the Capilano River in the spring of 2010, approximately 200 

metres upstream of the north end of the reservoir. 
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Tagging 

Passive integrated transponder (PIT) tags were used as individual identifiers for the mark- 

recapture abundance estimates and growth rate measurements. The PIT tags used (Biomark, 

TX1411SST) measured 12.5 mm x 2 mm (weight = 0.1020g) and were injected into the muscle 

tissue lateral (swimmer‟s right) to the dorsal fin with a 12-gauge needle. All PIT tagged adult 

trout received an approximately 5 mm fin clip from the lower caudal fin as a double-tag and 

conspicuous identifier during recapture periods. All captured adult trout were scanned with a 

handheld PIT scanner (Destron Fearing, Pocket Reader EX) to detect fish tagged in previous 

years and to obtain the code from fish tagged the same year as indicated by a lower caudal clip. 

The last eight digits of the 16 digit tag serial number provided by the reader were recorded to 

distinguish individuals. 

Abundance Estimates 

Trout ≥ 200 mm SFL were used for the abundance estimates as this length was chosen as 

the threshold size for piscivory based on an assessment of values in the relevant literature 

(Beauchamp et al. 1992; Nowak et al. 2004; Keeley and Grant, 2001). The 2010 abundance 

estimate was made based on an adjusted Petersen estimate from Chapman (1951), as cited in 

Ricker (1975).  
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(Eqn 1) N̂  = (M + 1) (C + 1) / (R+1) 

N̂ = estimated abundance at time of marking. 

M = number of fish marked. 

C = individuals examined for marks during the recapture period.
 14

  

R = marked recaptures (individuals).  

164 fish were marked from April 9
th

 through April 23
rd

, 2010 with PIT tags. Following 

tagging, there was a one day mixing period where no tagging operations were conducted. Fish 

captured in the subsequent month (through May 24
th

) were marked with an upper caudal fin clip 

and categorized as being within the recapture period. The standard error and 95% confidence 

interval for the 2010 abundance estimate were generated from the binomial distribution where: 

(Eqn 2) R / C > 0.10        (Krebs, 1999) 

A separate population estimate independent of 2010 data, was made in 2011 (March 29
th

 

– May 12
th

) using the Program Mark software program for data processing. Program Mark uses a 

maximum likelihood estimator, as described in Cooch and White (2009), to calculate capture 

probabilities for each individual based on unique capture histories as entered by the user in 

binary tables. The probability of encounter for first capture and subsequent recapture periods 

were set as equal in the software based on field observations and consistent catch effort.  Trout 

PIT-tagged during the 2011 field season (n = 243), batch-marked fish (n = 45) and PIT-tagged 

                                                 

 

14
 A procedural error led to some fish being marked with fin clips prior to the recapture period. These fish were 

subtracted from C based on a recapture rate calculated for the duration of the 2010 field season.  
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re-captures from 2010 (n = 13) were used for the abundance estimate and will continue to 

provide data such as growth rates in subsequent field seasons 

Scale Samples and Aging 

Three – five scales were removed with a sharp scalpel immediately above the lateral line 

(swimmer‟s left) on an axis running between the posterior of the anal fin and posterior of the 

dorsal fin. This location fits within the location recommended in the CCT scale aging manual 

(Ericksen, 1999). Samples were wiped off upright from the scalpel onto waterproof paper slips 

and placed in individually labelled envelopes for indoor dry-storage. Scales showing no evidence 

of regeneration and with clearly delineated annuli were selected for aging and brushed with 

water to remove tissue. Scale samples were mounted on microscope slides and circuli analyzed 

to determine age structure by Mike Stamford, M.Sc. (principal, Stamford Environmental).  An 

example of a scale from this project with well defined annuli is shown in Figure 7 from an age 

five fish. 
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Figure 7. Scale from a CCT from the Capilano Reservoir at 35X magnification aged at five years 

old. Winter checks (i.e. annuli) as indicated by narrow spacing between the circuli are marked by 

arrows for each winter period. 

 

Trout that had scale samples taken (n=127) were mostly comprised of those fish tagged 

for the 2010 population estimate (n=110) with the remainder (n=17) taken from fish stomach 

sampled in 2010 (n=16) and 2011 (n=1). Scale samples were read independently from previous 

readings up to three times for each fish. Where results differed, the modal value was taken. If 

there was no mode (e.g. three different age values), the mean value was used. If only two 

readings were taken and they differed, the latter reading was used for the analyses.  

Length, Weight & Condition Factor 

Following anaesthetic exposure as described above, SFLs were measured to the nearest 

millimetre on a pre-wetted, slotted cedar fish processing board with an affixed metal ruler. 

Weights were measured with the best available scale for different size classes with accuracy to 

0.1g for small fish on a 200 gram digital Ohaus brand scale on a wetted plastic tray.  Five and ten 



41 

gram precision was used for larger trout on Lightline (> 200 g, ≤ 500 g) and Pesola (>500 g, ≤ 

2,000 g) brand spring scales respectively. The fish weighed on spring scales were momentarily 

placed in open, wetted zip-loc bags with the top of the bag being clipped off on the scale catch.  

Fulton‟s Condition Factor (K) was calculated for measured fish and is cited from Ricker 

(1975) as suggested by Nash, Valencia, and Geffen (2006)
 15

 as:  

(Eqn 3) K= Weight (g) / Length (mm)
3
 

K is then multiplied by a common factor of 100 yielding:     

(Eqn 4) K = [weight (g) / length (mm)
3
] * 100

 
 

Bioenergetics Modelling 

Fish growth rates, water temperatures and dietary composition specific to the Capilano 

Reservoir were used as inputs to the bioenergetics modelling software – Fish Bioenergetics 3.0 

(Center for Limnology, University of Wisconsin-Madison). CCT are not an available species in 

the bioenergetics software, therefore the physiological parameters used in the model for the trout 

population were the default values for coho salmon, with minor adjustments to thermal optimum 

(CTO = 14ºC) and thermal maximum (CTM = 16 ºC) temperature parameters in accordance with 

Beauchamp et al. (1995) and Duffy and Beauchamp (2008) as measured for cutthroat trout by 

Dwyer and Kramer (1975).  The adaptation of physiological values used for CCT in other studies 

assumes little variation in genotypic or phenotypic differences between individuals and 

populations (van Poorten & Walters, 2010). Using growth in SFL converted to mass with the 

derived logarithmic relationship (Eqn 5), the energy-mass model of the software determines 

                                                 

 

15
 There is conflicting information and debate as to the true origin of Fulton’s Condition Factor as explained in 

Nash, Valencia, & Geffen (2006). 



42 

costs to waste and metabolism at temperature and then predicts the mass of prey required to 

achieve the measured growth (Dr. T. Johnson, personal communication, 13 June, 2011). These 

prey estimates can then be used in conjunction with predator abundance estimates (when 

available) to determine hypothetical impacts on prey categories.  

Temperature selection for bioenergetics modelling. 

The 365 daily temperature values used in the bioenergetics model were taken from data 

gathered by a RBR XR-420 thermistor chain fixed to a raft on the Capilano Reservoir, which 

collected water temperature values on five minute intervals at 16 nodes from 0.5 metres to 60 

metres in depth (Figure 8). The raft location is indicated in Figure 4; page 34. Temperatures 

used for the bioenergetics model were from the 12:00 pm sample point on each day. Aside from 

a small data gap (April 12
th

 – April 21
st
), the complete 365 day period of real temperature data 

for 2010 was available for this bioenergetics model. The missing temperature values were 

calculated by taking the difference between April 11
th

 and April 23
rd

 and equally distributing it to 

cover the missing values.  
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Figure 8. The temperature profile for the Capilano Reservoir model year (2010) across a series 

of depths. This figure is based on 12:00 pm values and shows the annual thermal stratification 

regime. Figure adapted from 2009 – 2011 temperature data collection and processing courtesy of 

Dr. Li Gu (Senior Project Engineer, Metro Vancouver, unpublished data).  

 

From January 1
st
 through March 21

st
 (spring equinox), an average of 12:00 pm 

temperatures from 10 m to 45 m was used for the model. March 22
nd

 through June 7
th

 uses an 

average of temperatures at the 0.5 m, 3 m, and 6 m depths. June 8
th

 through October 28
th

 used an 

average of temperatures from 0.5 m to 27 m. The remainder of the year, coincident with the loss 

of thermal stratification, was matched with the 10 m to 45 m mean values as for the period 

beginning January 1
st
.  
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Stomach samples. 

Angling was used to sample trout used for stomach content examination to avoid the 

probable bias in analyzing predators contained with their prey in TNs or RSTs. Armstrong 

(1971) noted cutthroat preyed on high densities of juvenile salmonids captured within Fyke net 

systems. The possibility of this bias is supported in Capilano field observations including one 

CCT from a trap net with eight coho smolts in its stomach far surpassing any angled sample 

(personal observation). Angling is also listed by the BC MELP RIC (1997) as a biased sampling 

method, but generally so for fish > 200 mm in length which fits well with the chosen piscivory 

threshold of the same length for this project. Heavy gear relative to fish size (spin-caster, 8 lb. 

(3.6 kg) test line) was used to minimize hooked time to reduce stress and lactic acid build-up in 

accordance with fish sampling standards as identified in BC MELP RIC (1997). Previously PIT-

tagged fish re-captured by hook and line were measured where applicable and released at the 

location of capture after a recovery period in fresh aerated water as described above. 

Collected fish used for stomach samples were heavily anaesthetized until cessation of 

opercular movement with an ethanol : clove oil (9:1) solution diluted in water (~ 200 mg/L). 

Clove oil is a viable and humane method of euthanasia as it results in rapid loss of consciousness 

and hypoxia (Borski & Hodson, 2003). An incision was made with a scalpel from the vent to the 

gills along the ventral surface. Two cuts were made to cut the digestive system free. The 

esophagus was cut free from the back of the throat and the lower stomach was cut free from the 

intestine. The stomach was then opened up with the scalpel and scraped clean onto a plastic tray 

with prey divided into fish remains and invertebrates. Stomach contents were weighed (nearest 

0.1g) with any prey fish being individually identified to species where possible and weighed and 

measured for SFL or total length (TL). TL was measured to the nearest millimetre for Cottus 
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asper, a prey species of adult trout in the Capilano System. SFL is not an appropriate 

measurement for Cottus spp. given caudal morphology (BC MELP RIC, 1997). 

Prey energy densities from Beauchamp et al. (1995) were used to account for the three 

main prey categories for this project; 5,458 J/g for Cottus asper, 5,000 J/g for invertebrate prey 

and 6,031 J/g for salmonid prey. 6,031 J/g is the energy density used for sockeye in Beauchamp 

et al. (1995) and has been used to represent all salmonid prey in this model. Individual samples 

were categorized based on relative wet weight proportions of each of the three main prey 

categories. Stomach sample data with usable (i.e. not empty) proportion values were available 

for a 318 day period. Without a prey composition value for the desired 365 day period, 

invertebrates were assumed to represent the full proportion of incidental winter consumption in 

the reservoir for day 1 and day 365 to extend the simulation for a full model year. 

Growth rates. 

 Growth rates of individual trout from the Capilano Reservoir were collected from 2009 – 

2011 using PIT tags as described above for the population estimate as unique identifiers. Of the 

trout captured, tagged and re-released in the reservoir in 2008 (n=458), 36 were recaptured and 

measured to the nearest millimetre (SFL) in 2009. No adult trout were PIT-tagged in 2009. Two 

of the 458 trout from 2008 were captured and measured in 2010. Of the adult trout tagged in 

2010 (n=164), 13 were re-captured in 2011 and measured. Daily growth in millimetres was 

obtained by converting calendar days to Julian values and dividing the SFL difference in 

millimetres by the number of days elapsed. Start and end weights for the bioenergetics model 

were obtained by calculating the average SFL for trout ≥ 200 mm used for growth measurements 

(n=42). The average growth rate for these fish was then multiplied by 365 to obtain the total 

growth of the mean fish size through the 365-day model period. Differential growth rates over 
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the year are blurred with a mean of 354.4 days between measurements. The mean Julian start day 

value (first day each fish was measured) was then calculated to yield the start and end fish sizes 

for the model. As the bioenergetics model uses the fish growth in grams which was not collected 

for all sampled fish, SFL was converted to weight using the logarithmic relationship derived 

from trout measured and weighed from the Capilano Reservoir in the 2010 and 2011 field 

seasons (n=220) (Figure 13, page 61; Eqn 5).   

(Eqn 5) Log (Weight (g)) = -11.88 + 3.050 * Log (SFL (mm))   

(Eqn 6) Start SFL =  x SFL – ( x  Start Day * x  Daily Growth) = 264.5mm = 169.3g 

(Eqn 7) End SFL = start SFL + ( x  Daily Growth * 365) = 318.1mm = 297.3g 
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Results & Discussion 

Genetic Analysis and Hybridization 

Of the 36 randomly collected adult trout genetic samples from the reservoir, 31% were 

hybrids (n=11), 8% were pure O. mykiss (n=3) and 61% were classified as pure CCT (n=22). 

Fish classified as pure CCT or pure O. mykiss by the NewHybrids software platform had a 

probability ≥  99% of being pure whereas hybrids were those fish with a probability < 99% of 

being pure. Of the seven non-random samples collected from trout ≥ 200 mm for confirming 

questionable species identifications, three were classified as O. mykiss and four as hybrids. The 

13 hybrids from the random samples and four hybrids ≥ 200 mm from the non-random samples 

had probabilities split between the three possible categories (pure CCT, pure O. mykiss and 

hybrid) with designations further classified by hybrid type (Table 1). 

  



48 

Table 1. Genetic classification probabilities of fish identified as hybrid trout (O. c. clarkii x O. m. 

irideus) from the Capilano Reservoir in 2011 (n = 17).  

 

Species Class x  Probability SD SE 95% CI 

Pure CCT 0.34 0.4 0.1 [0.13, 0.56] 

Pure O. mykiss 0.02 0.1 0.02 [-0.02, 0.07] 

Hybrid 0.63 0.4 0.1 [0.42, 0.84] 

Hybrid Type x  Probability SD SE 95% CI 

1
st
 Generation  0.14 0.3 0.07 [-0.02, 0.30] 

2
nd

 Generation 0.27 0.3 0.06 [0.14, 0.39] 

Backcross CCT 0.19 0.2 0.05 [0.08, 0.30] 

Backcross O. mykiss 0.04 0.1 0.02 [-0.01, 0.09] 

 

The finding of six genetically pure O. m. irideus adults (209, 240, 269, 325, 380, 389 mm 

SFL) in the reservoir is biologically important. This was a previously unrecognized  

O. m. irideus life history (adfluvial-lacustrine rainbow trout) from the Capilano System and a 

rarely investigated life-history among the O. m. irideus sub-species in un-stocked lakes. McPhail 

(2007) does, however, note rainbow trout usually do occur in oligotrophic – mesotrophic lakes. 

The finding of pure rainbow trout further complicates species differentiation and steelhead 

conservation in the Capilano System. As juvenile out-migrants, these individuals were perhaps 

unable to find the dam spillway when it was discharging, encountered satisfactory feeding 

conditions in the reservoir or had a genetic or behavioural pre-disposition for remaining in fresh 

water, which can occur with O. mykiss (McPhail, 2007). These six fish were not aged with scale 

analyses but based on nearest SFL means from the below age analyses, they are best estimated as 

one two-year old, one three-year old, one four year-old, and three five year-olds. This 

information supports losses to the steelhead population as a result of residualization in the 
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Capilano Reservoir, which was initially stated as a concern in the Capilano System by Vernon 

and Hourston (1957). The mean value of 4% probability of the hybrid individuals being 

backcrossed to pure O. m. irideus is evidence to support that there are relatively few of these 

genetically pure rainbow trout within the adfluvial-lacustrine spawner population. 

Hybridization between CCT and O. m. irideus is common in south-coastal BC. 29 of 30 

sampled streams on Vancouver Island having CCT and O. m. irideus living in sympatry showed 

hybridization ranging from 3% to 88% (Bettles, 2004). Residualism and poor marine survival (of 

steelhead) exacerbates hybridization (Slaney, 2005). In the Capilano Basin, residualism 

apparently occurs in both steelhead and amphidromous CCT as described in this paper. 

Escapement from the marine environment could effectively be considered zero for the reservoir 

population in that no CCT and very few steelhead
16

 are ever returned to habitat upstream of 

Cleveland Dam as adults from downstream locations. Residualized precocious O. mykiss males 

specifically may increase hybridization occurrence (Behnke, 2002; Slaney, 2005). This can be 

partially attributed to similar body sizes amongst residualized rainbow trout, in comparison to 

their anadromous conspecifics, relative to spawning CCT (Slaney, 2005).  

Distinguishing species in sympatric and hybridized populations. 

Distinguishing CCT and equivalent sized O. mykiss by visual identification can be a 

challenging task and is especially so with juveniles (McPhail, 2007). Long maxillary length is 

often used as an indicator for CCT although some piscivorous (McPhail, 2007) and larger  

                                                 

 

16
 Since 1997, 33 winter-run adults in were planted upstream in 2008, 13 in 2009 and 14 in 2010 (Ladell & 

McCubbing, 2010). Prior to 2008, the last steelhead adult would have being transported upstream in 1975 or 

earlier. 
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O. mykiss individuals (Trotter, 2008, personal observation) have maxillary extending beyond the 

rear margin of the eye. Distinguishing these species by morphological characteristics is 

appreciably even more difficult when in sympatry and where hybridization is occurring such as 

in the Capilano Reservoir. CCT can take on a predominantly silver colouration as amphidromous 

fish or in large lakes (Pierce, 1984; Frew, 1984; Behnke, 2002) which further complicates 

distinguishing these species. Some fish identified as CCT from the Capilano Reservoir do have a 

pronounced silvery colouration as compared to their adfluvial or resident conspecifics (personal 

observation). CCT generally have the characteristic red mark below the mandible which is faint 

or absent in O. m. irideus, although this alone is not a reliable species indicator (McPhail, 2007; 

Trotter, 2008; personal observation; Pierce, 1984). A combination of identification factors such 

as fin and body colouration, differing numbers of pyloric caeca, maxillary length, spotting 

patterns, the presence of basibranchial and vomer shaft teeth in CCT are best used in 

combination to separate species by morphology alone (Trotter, 2008; McPhail, 2007; Frew, 

1984, Pierce, 1984). Trotter (2008) notes a reduction in basibranchial teeth is often one of the 

first apparent changes to CCT in hybridized populations. 

The size of fish among species classes (pure CCT, hybrid, pure O. mykiss: n = 43) was 

significantly different
17

 (ANOVA, SFL species class, F2, 42 = 3.94, p = 0.027, r
2 

= 0.164; Figure 

8) indicating that at least one of the class means differed. A Tukey multiple comparison test 

indicates that the mean SFL for CCT is significantly different (p = 0.020) than the mean SFL for 

the hybrid species class. Size class is thereby a possibly useful indicator of species class in the 

Capilano System and worthy of further investigation in conjunction with other identifiers. 

                                                 

 

17
 α = 0.05 was used for all statistical analysis in this study where applicable.  
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Figure 9. SFL ANOVA comparison of CCT, hybrids and O. m. irideus ≥ 200 mm SFL sampled 

from the Capilano Reservoir in 2011. Note for Figure 8, and similar ones hereafter, the vertical 

extent of the diamonds represent the 95% confidence intervals. The internal lines of the 

diamonds represent the mean and group overlaps (with equal sample size) and the solid 

horizontal line through the figure indicates the grand mean. 

 

Mark-Recapture Abundance Estimates 

A mark-recapture population estimate is an important part of developing a fisheries 

management plan (Coggins, Pine III, Walters, & Martell, 2006). The abundance estimates for 

2010 and 2011 accounted for individuals measuring ≥ 200 mm SFL. If the estimate were to 

include trout < 200 mm SFL, there would be further complications and uncertainty in the 

abundance estimates. Assumptions of a closed population would be more likely violated with 

out-migrants being recruited into the population during the experiment from the upper watershed 

and marine-bound juveniles being lost over the dam spillway. 
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The number of adult trout captures varied widely through the mark and recapture 

experiments (Figure 10). 2010 daily mean = 13.7 (SD = 20.2, SE = 2.8, 95% CI [8.2, 19.2]); 

2011 daily mean = 4.4 (SD = 6.9, SE = 0.8, 95% CI [2.9, 6.0]). Extrapolated values were used to 

cover four days not fished in 2010 and five in 2011. The specific reasons for the high catch 

variation are not confirmed but may be attributed to such factors as: water temperature, inter and 

intra-specific competition, weather / barometric pressure, reservoir inflow / outflow, photo-

period and prey availability. The initial peak in captures is perhaps an indication of piscivorous 

adult trout travelling through littoral habitat where the trap nets are located; in search of prey at 

the onset of smolt outmigration and corresponding initial annual increase in epilimnetic 

temperatures. The adult trout captures per day dropped off drastically in 2010 and more 

gradually in 2011. This decline in capture rate roughly coincides with the peak of lacustrine 

smolt activity in mid-May, and is possibly attributed to satiated CCT predators travelling less in 

littoral – limnetic habitat in search of prey where the trap nets are located.   

 



53 

 

Figure 10. Daily captures of adult trout (≥ 200 mm SFL) from the eight TNs and two RSTs 

during the 2010 and 2011 smolt outmigration timeframe. 

 

The adult trout population in the reservoir was treated as a closed population for the 

purposes of the mark-recapture abundance estimates. Ricker (1975) notes the use of simple 

mark-recapture formula are best applied when the following conditions can be satisfied. 

 Marks have no mortality effect.  

 Marks are not lost.  

 There is random mixing and equal catchability of marked / unmarked fish. 

 All marks are noticed and reported on recapture. 

 Recruitment to the population is negligible during the study period.  

 Loss of individuals via migration over the dam to the lower river or upstream may have 

occurred to some extent during the experiment timeframes although quantifying these losses was 

beyond the scope of this project. There has been an RST at the base of the dam in past years to 
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research smolt out-migrant mortality, although little attention was paid to adult trout which 

typically avoid RSTs (Dr. K. Ashley, personal communication, 24 November, 2011). This trap 

was run in 2008 and a single CCT of unknown SFL appears in the data (Metro Vancouver / 

Instream Fisheries Research Inc., unpublished data). The trap below the dam became prohibitive 

to operate given logistical and safety requirements of working directly beneath a large dam often 

experiencing high discharge and debris loading / passage. Loss of marked individuals to 

outmigration from the reservoir would artificially inflate the population estimate due to fewer 

marked recaptures (see Eqn 1; page 38). Mortality was assumed to be zero for the duration of the 

mark-recapture experiments which is congruent with an unexploited population where mortality 

is balanced by recruitment into the population (Ricker, 1975).  

PIT tags are useful as unique identifiers to account for individual capture probabilities for 

traps (Pine, Pollock, Hightower, Kwak, & Rice, 2003). The lower caudal fin clip applied to PIT 

tagged fish acted as a double-tag useful to confirm if PIT tag loss occurred (i.e. fish with lower 

caudal clip and no PIT tag detected) of which zero incidences were detected. Clipped fins 

regenerate fairly quickly in most cases (Ricker, 1975). It was apparent from recaptured fish in 

this study that regeneration of the clipped fin was well underway within weeks and clips were 

unnoticeable in fish re-captured the following year (personal observation). 

The Program Mark software platform, which constructs capture probabilities for each 

individual on each sampling occasion, was used for the 2011 abundance estimate. Trap 

„happiness‟ and trap „shyness‟ were not quantified which may bias the population estimate. Trap 

happiness would result in a higher number of marked recaptures thus decreasing N̂ and vice 

versa. There is however little apparent evidence to support trap happiness. Of 164 fish tagged in 

2010, there were five fish captured on three occasions and one fish captured four times. Of 271 
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fish tagged in 2011, only a single fish was captured a third time. Indications of trap shyness are 

more difficult to ascertain given that these fish would not be encountered.  

Based on the timing of the spike in catch for the 2010 season and fewer than desired 

marked recaptures (n = 33), the plan for the 2011 estimate was to get as many marks out as early 

as possible. This would have yielded a high number of marked recaptures by taking advantage of 

a predicted mid-April peak catch period as in 2010 (Figure 10; page 53). Far fewer adult trout 

were captured in the TNs and RSTs in 2011 (n=350) relative to 2010 (n=733).
18

 This was despite 

a longer fishing timeframe in 2011which only resulted in only 20 marked recaptures being 

detected through the duration of the experiment.  

2010 mark-recapture abundance estimate.
19

 

N̂  = 1354   95% CI [911, 2187] 

(Eqn 1)  N̂  = [(164+1) (278+1) / (33+1)] = 1354 

  Lower 95% CI = 164 / 0.18 = 911  (values from binomial distribution) 

  Upper 95% CI = 164 / 0.075 = 2187  (values from binomial distribution) 

2011 mark-recapture abundance estimate. 

N̂  = 2149    95% CI [1475, 3211]   SE = 434 

 

  

                                                 

 

18
 The stated values for 2010 and 2011 include all capture occasions (i.e. recaptures included).  

19
 Source formulas available in Field Methodology section (page 38).  
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The 95% CIs for 2010 and 2011 overlap between 1,475 - 2,187 individuals and is a 

reasonable year-to-year estimate. Certainly the population size could have increased from 2010 

to 2011 as indicated by the discrepancy in the estimates, but nonetheless the range overlap from 

1,475 – 2,187 is the best estimator for management considerations in future years without the 

completion of a comprehensive mark-recapture study yielding a higher number of marked 

recaptures. I suspect that given at least some proportion of spring trout spawning (personal 

observation) in the Capilano System, fish were either lost from the reservoir to lotic habitat for 

spawning or over the dam as seaward out-migrants during the experiments. This would result in 

fewer marked recaptures and inflated abundance estimates with wider than desired confidence 

intervals. A hydroacoustics trial was conducted on May 28
th

, 2009 in the Capilano Reservoir 

(Stables, 2009) to better understand interactions between coho and CCT in the reservoir and to 

possibly enumerate CCT. Stables (2009) estimated 1, 681 CCT over 300 mm
20

 SFL based on 

proportions of fish sizes found in what was a preliminary and spatially restricted hydroacoustics 

trial. 

Capilano Reservoir Adult Trout Demography  

Scale samples and aging. 

The CCT of the Capilano Reservoir likely follow an expected trend of one or two years in 

streams as juveniles before immigrating into the reservoir (McPhail, 2007; Nowak et al. 2004), 

                                                 

 

20
 Note the 300mm minimum size used by Stables (2009) versus the 200 mm size used in this study resulting in a 

larger discrepancy in estimates than it may appear by the N̂ values alone. 
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although I have personally observed trout fry
21

 in the reservoir. CCT generally have maximum 

life spans of seven – nine years (Behnke, 2002). Fish were aged between two and nine years old 

with 81% (103/127) of aged fish being either three or four years old (Table 2). CCT and  

O. mykiss are both iteroparous and thus do not necessarily die following reproduction; allowing 

some individuals to live longer than the commonly understood two to four year life spans typical 

of semelparous Pacific Salmon populations. The size of adult trout among age classes was 

significantly different (ANOVA, size age, F5, 121 = 16.35, p < 0.0001, r
2 

= 0.403).  A Tukey 

multiple comparison test indicates only age five fish had a statistically significantly different 

SFL from all other ages. Prior aging  of CCT from the Capilano Reservoir in 2001 is found in 

Perrin (2003), who found fish aged from one – four (n=46) with age one – three fish each 

representing between 28 – 33% of the catch and age four fish comprising 11% of the catch. 

  

                                                 

 

21
 The lack of distinction between CCT and O. mykiss irideus fry is intentional given challenges in accurately 

distinguishing these species at this size.  
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Table 2. Fish length related to fish age for the 127 adult trout aged from the Capilano Reservoir. 

Survival rates for age five and six fish are based on an assumption of representative sampling 

with minimal recruitment or losses of these age classes from / to upstream habitat or losses 

downstream over the dam spillway.  

 

Age n =  Freq. 

% 

Survival x  

SFL 

min 

SFL 

max 

SFL 

SD SE 

2 5 3.9 - 226 210 245 15.6 7.0 

3 49 38.6 - 248 200 380 42.1 6.0 

4 54 42.5 - 284 205 430 52.3 7.1 

5 17 13.4 0.32 323 240 370 39.8 9.7 

6 1 0.8 0.06 469 469 469 - - 

9 1 0.8 - 486 486 486 - - 

  

Length of adult trout ≥ 200 mm SFL (n=323).  

Lacustrine populations of CCT can reach lengths of up to 600 mm SFL and weights of 

three kg (McPhail, 2007) and commonly reach SFL‟s of 350-400 mm (Slaney, 2005). 

Beauchamp et al. (1992) found CCT piscivory generally common in fish measuring larger than 

250 mm SFL. Nowak et al. (2004) found fish < 200 mm SFL consuming fish although at much 

lower levels than larger size classes. Keeley and Grant (2001) note salmonids become 

piscivorous at 150 mm and predominantly so at 301 mm. 

This thesis project found trout within the Capilano Reservoir ranging from fry to 486 mm 

SFL and a mean SFL for CCT ≥ 200 mm of 291 mm (SD = 61.4, SE = 3.4, 95% CI [283.8, 

297.2]; Figure 11). Only eight fish over 400 mm were measured with the largest being 486 mm 

in size.  
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Figure 11. SFL (mm) frequency distribution of adult trout captured in the Capilano Reservoir (n 

= 323). The box plot in this figure and similar layouts hereafter represent the range (dashed line), 

mean (vertical line), 95% CI (diamond) and 25th and 75th percentiles (box). 

 

Perrin (2003) found a maximum length CCT of 401mm and states that Capilano                                                                                                                                                                                                                                                       

Reservoir CCT generally reach only half of the length at age typically found in coastal rivers and 

lakes. Perrin (2003) suggests that this may be a function of a lack of large prey throughout the 

year to support growth of piscivorous fish. The ultra-oligotrophic status of the Capilano System 

would have negative implications for primary production, autochthonous invertebrate production 

and ultimately fish growth. Decreased fish growth does occur in aging reservoirs as 

oligotrophication progresses (Milbrink, Vrede, Tranvik, & Rydin, 2011), following initial trophic 

upsurge. Christensen and Trites (2011) discuss the life history of sockeye, which have evolved to 

minimize predatation vulnerability by spawning in oligotrophic streams and then moving into 

lakes where predator populations are unable to sustain through the year in high enough 
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abundance to severely impact prey populations. Given up to 69% of coho smolts  being 

attributed to reservoir production (Ladell & McCubbing, 2010), this may be comparable 

behaviour to what coho have been selected for in the Capilano System as a function of  adult 

trout predation.  

Weight of adult trout ≥ 200 mm SFL (n=147).  

147 trout ≥ 200 mm SFL were weighed in 2010 and 2011. The mean weight of these fish 

was 299.2 g (SD = 193.9, SE = 16.0, 95% CI [268, 331]; Figure 12). Weights of fish ≥ 200 mm 

ranged between 70 g (200 mm SFL) and 1010 g (486 mm SFL).  

 

Figure 12. Weight (g) frequency distribution of adult trout ≥ 200 mm SFL sampled from the 

Capilano Reservoir in 2010 and 2011. 
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Length and weight of reservoir trout (n=220). 

The length - weight relationship includes all individuals ≥ 200 mm SFL measured for 

both parameters (n = 147). 73 juvenile fish captured in reservoir TNs below the piscivory 

threshold length of 200 mm for this study were also included in the derivation of the length – 

weight relationship (Figure 13). Ricker (1975) recommends including fish down to and 

including age zero to improve the accuracy of standardized length-weight relationships.  

 

Figure 13. Logarithmic relationship of the weight and length of trout captured in the Capilano 

Reservoir in 2010 – 2011 (n = 220, r
2
 = 0.99, p < 0.01, SE = 0.10). Log(Weight(g)) = -11.88 + 

3.05 * Log (SFL (mm)) (Eqn 5). 

 

Fulton’s Condition Factor (K) for adult trout (n=220). 

 The mean condition factor for adult trout from the Capilano Reservoir is 0.91 (SD = 0.09, 

SE = 0.01, 95% CI [0.90 - 0.92]; Figure 14; Eqn 4) and ranged from 0.65 to 1.20. K was not 

related to age in this study but Perrin (2003) reports CCT condition factors from the Capilano 
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Reservoir as being generally poor (<1) and declining with age to 0.75 at age four. I did however 

relate K to SFL as a basic proxy for age and found a similar negative relationship but no 

statistical significance (n = 220, r
2 

= 0.05, p = 0.07, SE = 0.09). In 4+ year age class Arctic char 

(Salvelinus alpinus), Milbrink et al. (2011) found a 35% reduction of length and 72% reduction 

in mass in reservoirs 40 – 65 years after impoundment, as compared to natural lakes. The 

Capilano Reservoir is approximately 57 years old. 

 

Figure 14. Frequency distribution of Fulton‟s Condition Factor (K) values of juvenile and adult 

trout sampled from the Capilano Reservoir (n = 220). 

 

Bioenergetics Modelling 

CCT, rainbow trout and their hybrids were counted as a single species with common 

feeding behaviours and growth rates amongst them in the bioenergetics model. Where CCT and 

O. m. irideus exist together, CCT are more piscivorous in their feeding and reach larger sizes 

than O. m. irideus, which are generally feeding on invertebrates in sympatric associations 

(Behnke, 2002). However, it is an assumption of the model constructed for this project that fish 
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used for stomach samples and growth rates were a representative sample of the proportions of 

these species from the reservoir.  

Temperature selection. 

Without comprehensive lethal gill-net sampling, an accurate assessment of adult trout 

depth occupation and relative metabolic inference is not easily attained. Gill-netting operations 

were not conducted as part of this research, so field observations and pertinent literature as 

described below have been considered to develop the modelled temperature-depth parameters 

described in the field methodology section (page 42-43). 

Although spatially and temporally limited in scope, Stables (2009) conducted a site 

specific trial which indicated that most fish in the reservoir were closely associated with littoral 

habitat as few fish were detected in the limnetic zone. Stables (2009) suggests this may be 

indicative of CCT being focused on coho prey in the shallows, with a possible shift to increased 

pelagic habitation when smolts have later left the reservoir and epilimnetic temperatures rise. 

Andrusak and Northcote (1971) note the association of CCT with littoral regions where 

territoriality may play a role in the establishment and defence of feeding areas.  

Beauchamp et al. (1995) found CCT movement between littoral and limnetic zones from 

spring through autumn to be a function of prey (juvenile sockeye) distribution. Beauchamp et al. 

(1992) found CCT to be most abundant from 10 to 30 metres in spring and summer, however this 

was likely a function of CCT following planktivorous longfin smelt and sockeye prey. A study of 

an allopatric CCT population (Andrusak & Northcote, 1971) found changes in depth distribution 

through the spring and summer with food sources from surface, mid-water and benthic zones. 

Allopatric CCT were caught in near-surface waters in spring, moving deeper to four – five 

metres as summer progressed. Nowak and Quinn (2002) note that CCT avoided near-surface 
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waters when their oligotrophic study lake (Lake Washington) was stratified in accordance with a 

thermal constraint in the epilimnion.  

Andrusak and Northcote (1971) looked at sympatric CCT and Dolly Varden populations 

in Marion and Phyllis Lakes, which are immediately outside the northern drainage boundary of 

the Capilano Watershed. CCT fed in surface and littoral areas including the upper three metres of 

the water column during summer months, with clear spatial segregation from Dolly Varden. 

Although Dolly Varden do occur in the Capilano Reservoir, I can only recall a single large 

specimen (>200 mm SFL) and few juveniles captured in the reservoir since 2009. Albeit the TNs 

in the reservoir are set in littoral – limnetic habitat, away from benthic habitat conducive to Dolly 

Varden occurrence in lakes (McPhail, 2007), when in sympatry with CCT (Andrusak & 

Northcote, 1971).  

Stomach samples. 

Fish remains were found in 23.7% (14/59) of stomach samples. The SFL range of these 

predators was 203 – 469 mm with a mean of 362 mm (SD = 60.0, SE = 16.0, 95% CI [327, 

397]). A size class analysis (200-299, 300–399, 400-499 mm SFL) of confirmed piscine 

predators failed to reject the null hypothesis. That is, there was a failure to detect a difference in 

the proportion of predators per size class (χ² =3.21, df = 2, p = 0.360). A t-test of adult trout SFL 

between confirmed piscivores and those fish sampled that did not have fish in their stomachs 

failed to reject the null hypothesis (test stat = 1.35, SE = 18.2, DF = 21.0, p = 0.190). There was 

not a statistically significant difference in SFL between individuals found with fish prey in their 

stomachs and those without.  

71.4% (10/14) of stomach samples in which fish prey were found were collected during 

the spring with the remaining 28.6% (4/14) collected in the summer. However, the vast majority 
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of stomach samples (36/59, 61%) were collected during the spring. 13 samples were collected 

during summer, four during fall and six during winter. Chi-squared analysis of fish prey in 

stomach samples by season failed to reject the null hypothesis (χ² = 3.21, df = 3, p = 0.361) of 

equality among these proportions. There is no statistical evidence to support a difference in fish 

prey occurrence per stomach sample by season. Although not statistically represented, it is still 

possible that the majority of fish consumed by piscine predators in the reservoir occurs during 

the smolt outmigration from spring through early summer which may be statistically evident 

with larger sample sizes for summer, fall and winter. Test probabilities for the chi-squared 

distribution were in accordance with the sample size for each season. There was also not a 

statistically significant difference in the total wet weight stomach content from season to season.  

(ANOVA, stomach content season, F3, 55 = 1.32, p = 0.280, r
2 

= 0.07; Figure 15).  

 

Figure 15. Season to season ANOVA for stomach content wet weight. 
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Salmonid remains were found in 64% (9/14) of stomach samples containing fish prey.  

36% (5/14) of stomach samples containing fish prey were positively identified as coho fry  

(n = 1) or smolts (n = 4). Perrin (2003) notes CCT stomachs being examined in 2001 in the 

Capilano Reservoir with some confirmed but unspecified cases of coho smolt prey. 29% (4 of 

14) of fish remains were classified as unidentified salmonids due to more advanced stages of 

digestion. 7% (1 of 14) of fish remains were positively identified as cannibalism with a 120 mm 

CCT in the stomach of a 335 mm predator. Nilsson and Northcote (1981) did not find occurrence 

of CCT cannibalism although Slaney (2005) notes that instances of cannibalism are conducive to 

young-of-the-year remaining in nursery streams until they are at the parr stage to avoid lacustrine 

predation. As in Nilsson and Northcote (1981), no evidence of CCT feeding on O. m. irideus was 

confirmed. 

Cottus asper were found in four stomach samples. Cottus spp. are known to eat CCT fry 

(Trotter, 2008; Pierce, 1984). Subsequently as both species mature, the roles reverse as CCT are 

confirmed as predators on C. asper in the Capilano Reservoir. Nilsson and Northcote (1981) and 

Jauquet (2002) also note CCT taken advantage of Cottus spp. when available. The four stomach 

samples containing C. asper were all collected in the month of June corresponding with a 

pronounced decrease of smolt activity in the reservoir. This is evidence to support that C. asper 

may be a seasonally important high energy prey item for piscivorous adfluvial-lacustrine trout in 

the reservoir when salmonid feed availability declines as the smolt outmigration winds down.  

15 of 59 (25.4%) total stomach samples taken during this project were classified as empty 

(< 0.1g wet weight). A season to season comparison of the proportion of empty stomachs 

resulted in a rejection of the null hypothesis (χ² =10.72, DF = 3, p = 0.013) indicating unequal 

proportions of empty stomachs by season. These results are supporting evidence for seasonal 
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variation in empty stomachs likely a function of temporal changes in fish prey availability and 

metabolic / behavioural changes as a function of water temperature. High proportions of empty 

stomachs in piscivorous fish are common (Arrington, Winemillier, Loftus, & Akin, 2002) as 

large sized prey may represent a multi-day food ration for the predator where energetic 

requirements and behaviour are balanced with low prey encounter probability (Dr. T. Johnson, 

personal communication, 13 June, 2011).  

Growth rates. 

 Previously PIT-tagged fish re-captured in subsequent sampling were measured to 

determine growth rates (n = 49). Fish ranged from 100 – 373 mm SFL at first capture and had a 

mean SFL of 262 mm (SD = 69.6, SE = 9.94, 95% CI [242.6, 282.5]). Although only fish with 

an SFL ≥ 200mm at first capture were used as inputs into the bioenergetics model (n=42). The 

number of days between capture and re-capture ranged from 80 to 741 and had a mean value of 

354.4 days. Average growth per day ranged from 0.01–0.38 mm / day and had a mean value of 

0.17 mm / day (SD = 0.09, SE = 0.13, 95% CI [0.14, 0.19]). Growth rates were negatively 

correlated with fish length with a correlation coefficient of – 0.76 (95% CI [-0.61, -0.86]; Figure 

16) and a linear line equation of: 

(Eqn 8)  mm / day = 0.42 – 0.00097 * SFL start (mm) 
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Figure 16. Correlation of fish growth (mm/day) as compared to SFL (mm) at first capture. 

 

In a CCT aging manual for Alaska, Ericksen (1999) supports the observation consistent 

with my data that older fish (as assumed for higher SFL values) generally grow slower than 

younger fish. Keeley and Grant (2001) note intermediate growth rates in lacustrine dwelling 

salmonids in relation to faster growing fish found in marine waters and slower growing fish in 

riverine habitat. Urban (2007) considers growth as a critical ecological trait given its implications 

for “demography, evolution and community interactions” (Urban, 2007, p. 2587). Urban (2007) 

addresses the importance of trade-offs between foraging for increased body size and predator 

exposure amongst prey species. Christensen and Trites (2011) note these trade-offs have resulted 

in fish life histories utilizing a number of habitat types with varying levels of predation risk and 

forage oppotunity.  



69 

Bioenergetic model outputs. 

The bioenergetics model calculates the consumption of a typical fish from the system 

based on input parameters. This modelled fish was calculated to consume 24.3 g of Cottus asper 

(2.0% of total diet), 1,139.6 g of invertebrates (92.9% of total diet) and 62.2 g of salmonid (5.1% 

of total diet) prey over the model year; Figure 17.  

 

Figure 17. Daily prey consumption by individual modelled trout and prey category in the 

Capilano Reservoir during the 2010 bioenergetics model year. 

 

Adult Trout Predation Impacts on Out-Migrant Coho 

Adult trout predation impacts on rearing and smolting coho are not necessarily 

detrimental to escapement and population sustainability. It may be possible that the adult trout 

population is being sustained by parr in excess of riverine or lacustrine carrying capacity that are 

unlikely to successfully smolt (Dr. K. Ashley, personal communication, 3 June, 2010). This is an 
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important consideration prior to making management decisions impacting the adult trout 

population in the reservoir. 

Estimates of predator abundance are recognized as the most important factor in 

determining predation losses in a system modelled with bioenergetics (Beauchamp et al. 1995). 

Even low apparent levels of predation can have large impacts on prey populations where 

predator populations are large and predation occurs over prolonged time interval (Jauquet, 2002). 

This project has determined estimates of abundance for the adult trout population and integrated 

this into existing prey abundance estimates. For the purposes of this model, all salmonid prey is 

modelled as coho.  

The total 2010 outmigration yield for coho smolts from the upper Capilano Watershed for 

the dates April 11 through June 11, 2010 was 111, 379 individuals (Ladell & McCubbing, 2010). 

This number is the sum of 34, 273 coho out-migrants estimated from the upper watershed 

upstream of the reservoir and 77, 106 coho attributed to reservoir production. These numbers are 

derived from a pooled Petersen stratified mark-recapture estimator using individuals captured in 

the RSTs and TNs.  

To determine a total theoretical number of coho smolts consumed by the adult trout 

population over the model year, a weighted coho size average was used relative to the total 

salmonid prey consumed by the trout population. A weighted average was used because there 

were significant differences in mass between fish from the upper watershed and those rearing in 

the reservoir. Coho from the reservoir had a mean size of 13.2g and represented 69.23% of the 

total smolt yield. Coho from the upper watershed averaged 8.4 g and represented 30.77% of the 

population (Ladell & McCubbing, 2010). The coho smolt weighted average size is: 

(Eqn 9)  13.2 g (0.6923) + 8.4g (0.3077) = 11.72 g 
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The 62.16 g of cumulative salmonid prey calculated by the model is then divided by the 

weighted average size coho smolt and then multiplied by the 2010 adult trout estimate of 

abundance yielding annual modelled consumption of coho individuals: 

(Eqn 10)  62.16 g / 11.72 g mean = 5.30 coho per individual * 1,355 = 7,186.6  

The total number of coho consumed by the modelled population is then divided by the total 2010 

coho outmigration estimate yielding the proportion of the coho consumed by adult trout 

predators in the reservoir in 2010: 

(Eqn 11)  7,186.6 / 111,739 = 6.4% 

A possible range of smolts consumed during the model year uses the 2010 lower 95% CI 

and the 2011 upper 95% CI from the adult trout predator abundance estimates; Figure 18. Based 

on these extreme values, assuming all salmonid prey consumed was coho, between 5, 194 

(60,876 g) and 17,018 (199,462 g) coho smolts were consumed based on the bioenergetics 

calculations and abundance estimates. Using the 2010 coho outmigration estimate (Ladell & 

McCubbing, 2010), these extreme values represent 4.6% and 15.2% of the out-migrant 

population respectively. It should however be considered that the estimated proportion of the 

out-migrants consumed may be understated if predation is focused on individuals smaller than 

the weighted average size. Note that aforementioned mortality rates for coho passing over the 

dam spillway (57%, 68.6%, 76.7%)  greatly exceed these modelled adult trout predation rates. 

For some comparitive examples of CCT bioenergetics models being applied to predator and prey 

abundance, Beauchamp et al. (1995) estimated 17.4% of a sockeye fry population were eaten by 

every 1,000 large (≥ 300mm) CCT whereas Cartwright et al. (1998) found CCT consumed up to 

100% of sockeye fry in an Alaskan lake.  
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Further quantification of CCT cannibalism and any possible O. m. irideus consumption is 

required to refine salmonid consumption in any future modelling efforts. 95% confidence 

intervals for the 2010 coho outmigration estimate [102, 012, 118, 456 + upper RST transorted 

fish] were not considered for the model given a tight estimate (~ +/- 8%) and further uncertainty 

in integrating these values with predator abundance confidence intervals.    

 

Figure 18. Cumulative coho prey consumption from the bioenergetics simulation in accordance 

with 2010 and 2011predator abundance estimates.  The green slashes indicate the area of 95% CI 

overlap for the two predator abundance estimates (~ 9000 coho consumed = 8% of 2010 N̂ ). 
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Potential Adult Trout Predation on Out-Migrant Steelhead 

Longer duration in the reservoir may result in higher exposure of an individual coho to 

adult trout predation versus an individual SHS given probable reservoir residence times based on 

habitat preferences. However, the migration barrier of Cleveland Dam probably results in 

steelhead spending more time in the reservoir than they would if there were an obvious attractant 

outlet (i.e. river flow) to the lower river. There is evidence to support SHS migration delays and 

residualism in the reservoir as rainbow trout, including genetics results from this study and 

acoustic tracking work (n=20) completed in 2011 on SHS (Day & Rechisky, 2011). Predation on 

SHS may however be unlikely when predators are saturated with smaller and more available 

coho smolt prey. Using the outmigration abundance estimates for coho (111,379) and SHS 

(1,669) from Ladell and McCubbing (2010), and without consideration of habitat preference of 

predator and prey species or run-timing / duration, coho prey would be numerically 67 times 

more abundant than SHS within the reservoir. Predation on the relatively abundant coho may be 

beneficial to SHS survival as the predators are saturated with coho prey which allows the larger 

SHS to migrate through the reservoir safely (Dr. K. Ashley, personal communication, May, 

2010).  

Impacts of predation are greater when prey is an easily consumable size for predators 

(Mather, 1998; Mittelbach & Persson, 1998). Mather (1998) and Duffy (2009) found piscivorous 

fish to more heavily predate on smaller salmonids. When faced with a prey choice between coho 

and steelhead, predators probably opportunistically select coho more readily, given the lower 

energy expenditure required to capture slower swimming, smaller fish. This would be a function 

of decreased prey manipulation time (Mittelbach & Persson, 1998) and higher capture successes 

for smaller prey, which in conjunction with gape-limiting factors, selects for favoured survival of 
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larger individuals amongst prey populations (Duffy, 2009). Figure 19 shows the difference in 

size frequency distributions for juvenile coho and SHS. SHS captured in the RSTs and reservoir 

TNs had mean lengths of 161mm SFL (SD = 14.8) and 169mm (SD = 19.5) respectively (Ladell 

& McCubbing, 2010). Coho smolts had mean lengths of 90.2 mm (SD = 15.6) and 104.8 mm 

(SD = 19.8) from the RSTs and TNs respectively. 

 

Figure 19. Size-frequency distribution of coho (n=516) and steelhead (n=299) SFLs captured in 

2010 in the upper watershed RSTs and reservoir TNs (data by trap type pooled together). 

 

Prey size limits of predation. 

CCT are a gape-limited predator and are thus only capable of consuming fish prey at a 

certain proportion of their own body size (Duffy, 2009). Literature review for this project and 

field observations have raised questions as to the ability for gape-limited adult trout predators to 

consume SHS prey. Duffy (2009) found CCT only consumed salmonids less than 40% of their 
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own body length. Baldwin, Beauchamp, and Van Tassell (2000) found prey lengths up to 39% of 

predator body length in the Strawberry Reservoir in Washington State. The 40% value (Duffy, 

2009) is the highest found in the relevant literature and has been used in conjunction with the 

36% value found in my research in the below discussions of predator-prey relationships in the 

Capilano. Size plays an important role in prey vulnerability and thus system-specific predator 

and prey size distributions and predator gape ranges are useful criteria for understanding these 

relationships (Mather, 1998). A Comparison between what is consumed and what is available 

allows greater predictive capacity of impacts on prey populations (Mather, 1998).  

Prey size in this research ranged from coho fry (~30 mm) occurring in a single sample up 

to prey sizes of 120 mm which equated to 36% of predator body length. 13 prey samples from 14 

stomach sampled fish were at a stage of digestion in which prey length could be accurately 

estimated. The mean prey length was 22.7% of predator body length with a range of 8.3% - 

35.8% (SD = 9.0, SE = 2.5, 95% CI [17.3, 28.2]; Table 3). The demographic research portion of 

this study found relatively low abundance of upper size class adult trout capable of consuming 

the larger SHS prey relative to coho. 

 

Table 3. Predator and prey statistics from stomach analyses where fish prey was found and prey 

length could be determined (n =13). 

 Predator SFL (mm) Prey SFL (mm) Prey / Predator % 

Mean 373 85 23 

SD 40 33 9.0 

SE 11 9.0 2.5 

Range 335 - 469 30 - 120 8.3 – 35.8 
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According to the 2010 distribution of SHS SFLs, the smallest of SHS at 124 mm would 

be susceptible to adult trout predators ≥ 344 and ≥ 309 mm considering a 36% and 40% 

predation limitation respectively (Figure 20). At a 36% gape prey maximum, this represents 24% 

of the adult trout population in the reservoir. At a 40% gape prey maximum, the top 42% of adult 

trout would be capable of consuming the smallest SHS.  

 

Figure 20. Proportion of SHS out-migrants vulnerable to adult trout predation based on gape 

limitations of 36% (Capilano findings) and the literature maximum of 40% (Duffy, 2009) of 

predator body length. 

 

Given the length frequency distributions of both SHS and adult trout, this predator – prey 

gape limitation is evidence to support that few individuals in the SHS population are vulnerable 

to few predators. For example, to further examine Figure 21 below, the top 10% of the predators 

can consume only the smallest 1% of the SHS population at 36% maximum gape. However, at 

40% maximum gape, this same 10% of predators can consume a 16-fold increase in the size 
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distribution of SHS prey (16% of SHS prey vulnerable to predators).  The maximum gape 

limitation in the Capilano Reservoir requires further investigation given the implications of 

uncertain predation estimates on the imperilled steelhead population.  

 

Figure 21. Relationship between predator and prey size demographic distributions from the 

Capilano Reservoir considering 36% and 40% gape limitations. Dashed lines indicate example 

for the top 10% of predator population discussed above. 

 

Implications of Predation 

There was no evidence found during this research of adult trout predation on out-

migrating SHS occurring in the Capilano Reservoir. There is however demographic evidence 

from this study to support that adult trout predation of SHS in the reservoir may incidentally 

occur on the smallest size class, and thereby selects for larger size class SHS associated with 

higher survival rates. Duffy (2009) notes large relative size as a key beneficial factor for early 
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marine survival of salmonids. Any existing impacts of predation on SHS may thereby not 

directly correspond to ultimate losses to the population (i.e. reduction in escapement) given the 

increased survival rates among larger size classes. However, potential migratory adult trout 

predation on the smaller steelhead fry and parr in the river upstream of the reservoir requires 

consideration. One further parameter to consider is that despite being a small proportion of the 

predator demographic, the upper size class predators are likely more piscivorous in their feeding 

and also have higher consumption requirements (Duffy, 2009). Thereby, the largest trout 

predators are probably responsible for a disproportionate amount of fish prey consumption 

(Duffy, 2009). 

It may be that scarce food sources through winter months are a limiting factor for the 

predator population in the Capilano Reservoir (Perrin, 2003), thereby minimizing growth, 

survival and subsequent impacts on out-migrating smolts the following spring. Furthermore, 

Milbrink et al. (2011) found substantial negative long-term impacts on fish growth in reservoirs, 

with no indications of positive recovery. There was no conclusive evidence found that suggests 

adult CCT are detrimental to sustainability of the coho population beyond what may be expected 

in natural systems, and pales in comparison to coho mortality rates from passage over the dam 

spillway. Some warranted concern may be raised if trap nets or other live capture systems are 

utilized in the long term where the possibility of intensified predation occurring within the smolt 

trap systems could occur. This is especially the case where predator - prey interactions in 

contained areas are altered, possibly resulting in predation on larger size class prey than under 

natural conditions.  
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Conclusion  

 This project was spread over just two years and limited in its overall scope. With a focus 

on the adfluvial-lacustrine adult trout population, there is still considerably more information 

required for other species and life history strategies in order to develop a comprehensive picture 

of the Capilano trout population, threats to steelhead population sustainability and holistic 

aquatic ecosystem management. This project found evidence supporting a relatively robust CCT 

population, important to regional CCT conservation, with limited predation impacts on 

anadromous salmonids in the reservoir.  

It is hoped that this project will contribute to: the knowledge base for future reservoir 

management strategies, the recovery of endangered steelhead stocks, coho management and 

conservancy of the blue-listed CCT population. Plans will continue to develop in regard to coho 

and steelhead restoration opportunities in the Capilano Watershed, with CCT considerations 

possibly remaining as an afterthought. I am, however, optimistic that the information collected 

and analyzed for this project will result in further recognition of CCT as a threatened species, 

and the importance of CCT ecology to ecosystem restoration in the Capilano River Watershed 

and other anthropogenically perturbed watersheds in the Georgia Basin.  
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Management Recommendations 

Based on this thesis project, the following management recommendations are provided to 

assist in developing a holistic fisheries management strategy for the Capilano Watershed.   

Improving Smolt Capture & Transport Facilities 

Improving smolt capture efficiency is a recognized goal of the Fisheries Technical 

Committee for the joint Water Use Plan for the Capilano and Seymour Watersheds. I would, 

however, wish to emphasize the importance of improving smolt capture and transport here in the 

context of my research. The ultimate goal of improved methodologies for capturing and 

transporting coho and SHS downstream around the dam structure is to reduce mortality 

associated with the dam spillway, which far exceeds apparent implications of predation from this 

thesis project. Improved smolt capture and transport systems to move fish from the upper 

watershed to downstream of Cleveland Dam would also alleviate some of the issues with  

O. m. irideus residualism in the reservoir. Indications are that this residualism is contributing to 

decreased rates of anadromy and increased hybridization in the trout population. Furthermore, 

decreased residence time for out-migrating coho and SHS would mitigate some of the predator 

induced mortality in the reservoir. Structural modifications to Cleveland Dam during future 

capital works (e.g. seismic upgrade, turbine installation) including a permanent smolt passage / 

capture facility utilizing attractant flows, would greatly reduce out-migrant mortality.  

Maintaining closed drum gate spillway during outmigration window.  

 The operating regime for the reservoir currently includes surface spill releases over the 

drum gate during the freshet, which coincides with smolt outmigration. Given the exceptionally 

high mortality associated with smolts passing over the Cleveland Dam spillway, capture 

efficiencies of smolts may be increased and mortality significantly decreased by maintaining the 
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drum gate above spill crest elevation during the bulk of the smolt outmigration. Water can be 

released from the low level outlets through the Howell Bunger valves during this time period. 

The intake for this bypass tunnel is approximately 70 metres in depth. It is highly improbable 

that fish would descend to these depths for outmigration. Rather, they would remain in the 

reservoir allowing an extended opportunity to capture them in improved / expanded trap nets or 

comparable systems. It should be noted that extended lacustrine predation susceptibility, 

hybridization and residualization are also of concern and as such, capture efficiencies require 

improvement to reduce reservoir residence time.  

The drum gate could be lowered below spill crest for exceptional storm flow water 

releases (> 100 m
3
/s), generally a function of spring rain-on-snow events, or ideally as the smolt 

outmigration timeframe comes to an end in mid-June. This timing for surface water release is 

also coincident with seasonal epilimnetic warming, and thus desirable for lower river thermal 

habitat considerations. This operational protocol has the benefit of being able to be implemented 

immediately at no direct cost to the water utility. 

Continued Adult Trout Population Sampling & Monitoring 

Long-term CCT monitoring data for south-western BC is minimal (Slaney, 2005). In 

addition to the baseline information collected in this study and previous glimpses into Capilano 

trout ecology, further monitoring of this blue-listed species in the Capilano Basin will be 

valuable to holistic aquatic ecosystem management in light of probable future changes to 

reservoir management techniques. The CCT population is likely to play a genetic, predatory or 

competitive role in the recovery, or pessimistically loss, of wild steelhead populations endemic 

to the Capilano.  
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Lacustrine adult trout abundance. 

In order to generate further robustness in the adult trout abundance estimates, the loss of 

individuals to emigration over the dam spillway requires additional consideration. Maintaining 

the aforementioned seasonal drum gate closure protocol would improve assumptions of closed 

populations for reservoir abundance estimates. Continuing to monitor adult trout abundance in 

the reservoir during smolt trapping operations is an important piece of holistic fisheries 

management in the Capilano Reservoir. The number of marks put out into the population should 

be maximized to subsequently increase the number of marked recaptures, thereby tightening the 

confidence intervals around the estimate(s). 

Genetic testing. 

 The residualization of otherwise anadromous O. m. irideus in the reservoir is of 

considerable concern to Capilano steelhead conservation. Additional genetic samples of 50 - 100 

randomly selected adult trout from the reservoir, in conjunction with scale samples for aging, 

should be collected in 2012 during smolt trapping operations. This will allow the participating 

agencies to further examine hybridization and residualization factors critical to the recovery of 

wild steelhead from the Capilano System. Furthermore, aging and genetic analyses are cost 

effective relative to other methodologies such as acoustic tagging.  

Monitor predator-prey size relationships and possible steelhead prey. 

 The maximum predator-prey length of 40% from the literature and 36% from my 

research warrant further validation specific to the Capilano System. The true parameters of this 

relationship are critical to the susceptibility of SHS to adult trout predation. This relationship can 

be further examined with adult trout captured from the TNs during smolt trapping operations. 

Sampling predatory trout from TNs is problematic in terms of natural interaction but perhaps 
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useful in determining the maximum predator-prey gape ratio. Alternatively, fish captured by gill-

netting or angling could be used to monitor predator gape parameters. As an alternative to lethal 

stomach content examination, I have successfully utilized gastric lavage to remove large prey 

items from adult trout in the Capilano and would recommend this as a reasonable non-lethal 

methodology to continue monitoring predator-prey size relationships.   

Growth rates and aging. 

 Financial and labour investment have already been put into the PIT tags used for the 

growth rates and population estimates of the adult trout population in 2008, 2010 and 2011. All 

large (e.g. ≥ 225 mm SFL) adult trout captured in 2012-2015 should be scanned with PIT tag 

scanners. Tagged fish should be measured for SFL to determine growth rates and relevant aging 

data where applicable from previously collected data.  

Consideration of Other Predation Issues in the Capilano Basin 

If freshwater predation of juveniles continues to be suspected of impacting steelhead (and 

coho) population sustainability, additional sources and factors require analysis. For example, 

there appears to be modest steelhead smolt production (Metro Vancouver / Instream Fisheries 

Research Inc., unpublished data) in the lower river and tributaries that confluence below the 

dam. These naturally produced smolts may be more susceptible to predation than hatchery fish 

given smaller sizes as found with chinook (O. tshawytscha) (Duffy, Beauchamp, & Buckley, 

2005). This may already be an issue downstream of the dam with wild coho and steelhead that 

have survived the plunge from the reservoir, been transported for release at the hatchery or 

spawned in the lower river, being inter-mixed with hatchery fish releases. Wild fish are 

competing with larger hatchery conspecifics resulting in increased competition for food and less 

growth, thereby increasing relative predation susceptibility (Duffy et al. 2005). Marginal 
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predator avoidance capacities of hatchery fish relative to wild fish should however also be 

considered in this relationship.  

The avian community of the Capilano Reservoir consists of numerous piscivorous 

species. The species noted during this project by the author are; American dipper (Cinclus 

mexicanus), osprey (Pandion haliaetus), common loon (Gavia immer) and harlequin duck 

(Histrionicus histrionicus). Common merganser (Mergus merganser) (2 families, 19 

individuals), great blue heron (Ardea herodias) and belted kingfisher (Megaceryle alcyon) were 

also observed in the reservoir area and are noted as predators on CCT juveniles by Raymond 

(1996). A pair of bald-eagles (Haliaeetus leucocephalus) have nested immediately upstream of 

the reservoir and are often seen in riparian trees awaiting passing prey. These observations 

strengthen the rationale for restoring large woody debris (LWD) and habitat complexity in the 

lower river, which reduces avian and mammal predation susceptibility (Cedarholm, Dominguez, 

& Bumstead, 1997). This is especially the case where predator aggregation already occurs 

adjacent to the hatchery and upstream of the estuary, coinciding with hatchery and wild fish 

releases and spawner dead-pitch (personal observation). 

American mink (Neovision vision) and / or river otter (Lontra canadensis) predation was 

suspected of causing some considerable mortality in TNs in 2011. It appears that larger fish 

within these systems were favoured over smaller fish in the traps based on fish remains (personal 

observation). This possible size-discriminatory predation is a concern for CCT, O. m. irideus and 

their hybrids in trap net systems given their larger size relative to smolting and rearing coho. 

Although difficult to quantify their impact on the piscine community, these other sources of 

predation should be considered in discussion pertaining to losses of juvenile salmonids to 

predation.   
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Cleveland Dam Hydroelectric Power Generation: Possible Habitat Impacts 

The installation of hydroelectric power at Cleveland Dam could result in exacerbated 

reservoir drawdown cycles affecting fish habitat. Trotter (2008) notes efficient CCT spawning in 

small inlet lacustrine tributaries. Based on the sexual maturity of sampled fish and capture 

locations, indications are that Capilano trout spawning occurs in the spring in upper watershed 

mainstem tributaries and in the lower reaches of reservoir tributaries along the eastern shoreline 

where gradients are initially less than those on the steeper west shoreline (personal observation). 

Reservoir drawdown cycles could result in: loss of adult trout access to spawning habitat, 

decreases in available forage and refuge habitat and the loss of physical habitat and juvenile 

strandings as noted by Challenger and Carlson (1993) in Portland, Oregon‟s water supply. Living 

Resources Environmental (2011) notes that juvenile coho are especially vulnerable to stranding. 

Furthermore, prey species of adult trout could become more vulnerable due to a loss of area 

available for predator avoidance (Living Resources Environmental, 2011). Spring redd 

desiccation may also become an issue depending on seasonal drawdown timing and site 

specifics. A holistic aquatic ecosystem management strategy for the Capilano would benefit from 

considering trout spawning and juvenile rearing locations in regard to reservoir drawdown as a 

function of hydroelectric power generation. 

Proposed Adaptive Management Experiments  

Beaver Lake ecological restoration. 

Habitat degradation as a function of urbanization is one of the primary threats to CCT 

(McPhail, 2007; Griswold, 2006; Slaney, 2005). The majority of urban – suburban waterways in 

the Georgia Basin not lost to salmonids are highly depressed. CCT from the Capilano Reservoir 

are a reasonable source population for regional habitat restoration once destination habitat has 
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been improved. Although CCT are not included in the Metro Vancouver Ecological Health 

Action Plan (2011) definition of salmon, this initiative would be a good fit for the plan‟s goal to 

rebuild salmon populations partly through improving the biological integrity of watersheds. 

Especially since CCT are a suitable indicator species for estuarine structure and function 

(Jauquet, 2002). Beaver Lake in Stanley Park has recently received budgetary consideration 

through the Vancouver Parks Board for dredging and ecological restoration. The Capilano River 

and Beaver Creek estuaries lie only 1,500 metres from each other
22

 in Burrard Inlet (Figure 22) 

and would probably have exchanged CCT DNA when amphidromous populations readily 

migrated between freshwater and marine habitat in search of forage, spawning and refuge 

habitat. This probable historical genetic relationship makes Beaver Lake a biologically 

defensible release site for Capilano Reservoir CCT.  

Any fish selected for transport should be distinguished as best as possible from hybrids or 

O. m. irideus prior to being selected for transport. The monitoring of juvenile salmonids and 

adult trout population responses to removals from the Capilano Reservoir would be a benefit to 

holistic fisheries management. The survival and behavioural responses of CCT released in 

Beaver Lake (or other suitable site) should also be monitored to determine successes and 

learning opportunities. If trout were removed from the Capilano Reservoir in moderation, they 

may be replaced by natural recruitment, higher growth rates or reduced natural mortality (Ricker, 

1975).  

                                                 

 

22
 Pete Broomhall (personal communication, 7 December, 2011) stated that the Capilano River formerly 

terminated to the east of Lions Gate Bridge, and would have thus been closer to Beaver Creek, but was moved to 

the west during or prior to bridge construction to prevent erosion of the northern abutment.  
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Figure 22. The close proximity of Beaver Creek in relation to the Capilano River estuary 

supports circumstantial historic exchange of CCT DNA between the two systems (Base 

orthophoto from Metro Vancouver 2009 regional satellite imagery). 

 

Restoring lower Capilano River habitat & CCT amphidromous stocks.  

An assessment of the current status of amphidromous CCT in the lower Capilano River 

should be considered. It is probable that amphidromous CCT have been highly depleted from 

historical numbers or possibly even extirpated from the system. Moving fish downstream from 

the reservoir and monitoring their movements (e.g. radio, PIT or acoustic tagging) would be a 

meaningful step toward restoration of this most threatened of the four CCT life history types. 

These relocated CCT may also contribute to area restoration efforts with migration to marine 
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habitat for occasional feeding forays and temporary residence in nearby streams (e.g. MacKay 

Creek, Mosquito Creek and Beaver Creek). 

The currently degraded habitat (i.e. channelization, riparian clearing, loss of large woody 

debris and associated stream habitat complexity) of the lower Capilano River may compromise 

the restorative carrying capacity for the re-introduction of a thriving and self-sustaining 

population of amphidromous CCT. Lower river physical habitat is further impacted by an altered 

thermal regime of sub-surface cold water flow releases and unnatural flow regimes from the 

reservoir which require modification. Habitat restoration of the Lower Capilano River is a 

necessary component of a holistic fisheries management strategy, as it would also benefit 

steelhead, and coho, if additional off-channel habitat and associated complexity was constructed. 

This would further contribute to the Metro Vancouver Ecological Health Action Plan (2011), 

which includes goals of restoring historic native fish distributions, watershed hydrological 

regimes and productive capacity for salmon. It should be considered that if CCT moved to the 

lower river remain there as piscivorous adfluvial or amphidromous fish under current habitat 

conditions, they may become detrimental to the sustainability of wild steelhead and coho.  

Release adult rainbow trout into the lower river.  

 Captured adult trout from the reservoir identified as rainbows should be released into the 

lower river below the dam in hope they will adopt an anadromous life history. PIT, acoustic or 

radio tagging a portion of these individuals would be beneficial in determining if anadromy 

subsequently occurs in these individuals.  
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Appendix  

 

Figure 23. An aerial view in 1954 of the newly constructed Cleveland Dam in the foreground 

and recently cleared valley bottom where the reservoir now lies (photo credit: Metro Vancouver 

engineering and construction archives). 
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Figure 24. Tommy Mayo with a 21pound Capilano summer steelhead in 1950 (photo courtesy of 

Art Lingren). 
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Figure 25. An illustration of an amphidromous CCT which shares morphological traits with adfluvial-lacustrine CCT of the Capilano 

Reservoir (reproduced with permission of the artist, Joseph Tomelleri from Trotter, 2008). 

 

 


