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ABSTRACT 

A multi-stream comparative study conducted in southwestern British Columbia 

revealed that juvenile coastal cutthroat trout (Oncorhynchus clarki clarki) were found at 

highest density in narrow (< 3 m), shallow (< 40 cm) streams with non-coarse substrate. 

To assess how cutthroat trout grow and behave within different physical habitats, I 

selected three streams for intensive examination from the physical structure gradient that 

I derived in the multi-stream study: (A) narrow width, shallow, fine substrate; (B) narrow 

width, shallow, coarse substrate; (C) wide width, deep, coarse substrate. I used 

radiotelemetry and bi-monthly recapturing of PIT tagged fish from set trap locations to 

examine individual growth and movement among the stream types over the fall, winter 

and spring of 1998/99. Individual PIT tagged fish tended to be heavier and grew faster 

during the spring than the winter or fall in all streams. Growth rate did not seem to be 

dependent on the physical habitat of the stream. During normal seasonal flood events, 

movement rate of fish from each of the three stream types was not affected. During a 

major flood event that occurred in stream types (C) and (B), fluctuations in water depth in 

stream type (C) displaced several radiotagged fish (> 100 m) and caused a general 

downstream movement in PIT tagged individuals. Almost no movement was detected 

during the winter in the three streams for PIT tagged fish (< 0.09 m/day). Density was 

lowest in stream (C) and highest in stream (A). Past and current provincial forestry 

practices usually result in removal of riparian vegetation on small streams. This can alter 

their physical habitat, usually by widening and aggrading the stream bed. Therefore, in 

streams where riparian logging has occurred, displacement of cutthroat trout during major 

floods may be a concern. 
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G E N E R A L I N T R O D U C T I O N 

Coastal cutthroat trout, Oncorhynchus clarki clarki are found along the west coast of 

North America from the Eel River in northern California to Seward in southeastern 

Alaska (Figure 0.1). Cutthroat trout reside on the west slopes of the Coast Range 

mountains in British Columbia (B.C.) and the Cascade Mountains in the Pacific 

Northwest (Trotter 1989). Although cutthroat trout are widespread, information about 

population size and changes in life history are unknown for approximately 80% of the 

populations within B . C . (Slaney et al. 1996). The information that is available suggests a 

major decline in abundance within and among populations throughout their range over 

the past 20 years (Trotter 1989; Slaney et al. 1996). The decline has been linked to 

overfishing and to habitat loss largely from urbanization, agriculture and forestry 

practices (Slaney et al. 1996; Nehlsen et al. 1997). Changing ocean conditions has not yet 

been explored as a possible mechanism for decline for cutthroat trout, however it is a 

likely contributor to the decline. This thesis focuses on habitat loss in the freshwater 

environment. The main objective of this thesis is to determine how alterations to habitat 

affect the behaviour (movement, growth and habitat association) of cutthroat trout during 

the winter. Lower growth rate may lead to reduced fecundity while greater movement can 

cause higher mortality both of which would lead lower population density. 

In this thesis I use both a large- and small-scale approach to address my main 

objective. Large-scale (synoptic survey) studies are ideal for detecting patterns in species 

richness (Griffiths 1997), fish abundance, distribution, and diversity over a wide scale 

(Taylor and Lienesch 1995; Jowett et al. 1996, Maret et al. 1997). Small-scale studies can 

identify how abiotic and biotic factors influence the patterns seen in large-scale studies 

(Magnan et al. 1994) by mainly addressing individual characteristics such as behavioural 

or growth data from single populations (Cunjak and Power 1987; Quinn and Peterson 

1996; Berg and Bremset 1998), or intra-interspecific interactions (Hartman 1965; Bisson 

et al. 1988). B y combining large and small-scale studies, results from large-scale studies 

can be used as the basis for small-scale studies, so that the overall conclusions are more 

reliable (see Magnan et al. 1994). Here I use a large-scale study to identify what abiotic 

factors (habitat types) are associated with cutthroat trout density (Chapter One). I used 
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this information as the basis for a small-scale study which documented the seasonal 

behaviour of cutthroat trout in the different habitat types (Chapter Two). In this general 

introduction I describe how forestry practices affect stream habitat and fish species, 

following a description of cutthroat trout ecology. 

Ecology of Coastal Cutthroat Trout 

Cutthroat trout typically live in small (< 5m wide), headwater and tributary streams 

(see Chapter One; Hartman and G i l l 1968; Swales et al. 1987; Bozek and Hubert 1991). 

Within the stream environment cutthroat trout can be found associated with specific 

channel units (backwater pools, deep pools, and glides; Wilzbach and Hal l 1985; Glova 

1986; Bisson et al. 1988), physical cover structures (Heggenes et al. 1991b), and lateral 

habitat as defined by Moore and Gregory (1988a). Habitat association seems to change 

from summer to winter due to seasonal changes in abiotic and biotic environmental 

conditions. Heggenes et al. (1991b) found that coastal cutthroat trout use shallower areas 

with overhead cover during the winter (18 cm) compared to the summer (22 cm). 

Throughout their range, cutthroat trout populations are either diadromous (sea-going), 

freshwater stream resident, lake resident or lake migrating (Trotter 1989). The general 

life cycle of diadromous coastal cutthroat trout is similar to Pacific salmon, however 

cutthroat trout are iteroparous (spawn more than once), and can live up to 10 years (Scott 

and Crossman 1985). The life cycle of coastal cutthroat trout varies depending on 

latitude, with more northern populations spawning later in the year (Trotter 1989). In 

B . C . , spawning takes place during the spring (February to May) . Smoltification in 

diadromous cutthroat trout usually occurs after at least 2 years in freshwater at a size of 

between 130 and 200 mm in length (Trotter 1989). Downstream migration to the estuary 

takes place in late spring (Benke 1992). Cutthroat trout have been found to migrate up to 

70 km from their natal stream, however these migrations do not include passage through 

large open ocean areas (Trotter 1989). In B . C . , salt water residency occurs during the 

summer (approximately four months), and migration back into freshwater occurs during 

the fall (August-November). Few cutthroat trout remain in the estuary during winter 

(Trotter 1989). Presumably all age classes of diadromous and stream resident cutthroat 

trout reside within the stream during the winter. 
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Apart from the long distance migrations diadromous fish undertake, fish also make 

short distance movements within and between channel units and individual physical 

structures (cover) in search of food and to avoid predators or high velocity areas. Within-

stream movement of cutthroat trout generally decrease as summer progresses and water 

level decrease (Heggenes et al. 1991a; Brown and MacKay 1995; Young 1996; Young et 

al. 1997). Winter is thought to be a critical period for fish (Cunjak 1988). In coastal 

systems, compared to summer base flows, flow during winter is relatively high and 

variable. In spring, melting of winter snow leads to high flow and freshet events which 

again cause large fluctuations in discharge. A s well during winter in all areas of cutthroat 

trout range, water temperatures decrease dramatically from summer. Interior (non-

coastal) populations of cutthroat trout were found to reduce daily activity and movement 

during winter (Young 1998). A n y increase in movement during the winter may lead to an 

increase in predation risk, an increase in stress level (Cunjak and Power 1987; Cunjak 

1988), or a reduction in growth rate and ultimately survival. 

Effects of Forestry on Stream Habitat and Fish 

Seventy-five percent of B .C . ' s human population lives within 60 km of the coast in 

two main regions of the province, the lower mainland, and the east coast of Vancouver 

Island, making the coastal regions important economically (Minister of Public Works and 

Government Services Canada 2000). Both marine areas and freshwater streams along the 

coast are important ecosystems for salmon and trout. Habitat loss due to urbanization, 

agriculture and forestry practices alter natural conditions which affect the life history and 

survival of salmonids. Some forestry practices in particular, such as clear-cut logging to 

the stream bank, can have negative affects on salmon and trout bearing streams (Hall and 

Lantz 1969; Ell iot 1986; Platts et al. 1989; Lamberti et al. 1991; Fausch and Northcote 

1992; Slaney et al. 1996; Nehlsen et al. 1997). Before 1995 in B . C . , there was little 

legislated protection for streams from deleterious forestry practices. In 1995, the B . C . 

Forest Practices Code (FPC) was enacted by the provincial government to protect forest 

ecosystems, including freshwater streams and aquatic communities, from harmful 

forestry practices. The F P C guidelines require that buffer strips be left along stream edges 

at varying widths depending on the size of the stream and the presence/absence of fish. 
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The riparian are is divided into a Reserve Zone and a Management Zone. Within the 

Reserve Zone, no logging is permitted (ie. all tree are to be left standing). N o Reserve 

Zone is required for streams smaller than 1.5 m in width, even i f fish are present. The 

Management Zone is set outside the Reserve Zone or replaces the Reserve Zone i f one is 

not required. Here logging is permitted and the degree of logging is left up to the 

discretion of the logging contractor (Sierra Legal Defense Fund 1997). Because of the 

discretionary nature of Management Zone application and monitoring, this zone is often 

completely harvested of marketable timber. A s well , windfall is a problem in areas with 

only 20 m wide Reserve or Management Zones (Young et al. 1999). The Sierra Legal 

Defense Fund (1997) conducted an audit of the F P C in 1996, a year after its inception. 

Their main finding was that the guidelines were not being followed as 83% of the streams 

surveyed that were not supposed to be logged, according to the guidelines, were clear-cut 

to the stream bank. Cutthroat trout are typically found in streams < 5 m wide and Sierra 

Legal Defense Fund found that 79% of streams < 1.5 m wide were clear-cut to the stream 

bank. This finding suggests that cutthroat trout receive minimal protection from forestry 

practices in B . C . . 

The effect of forestry practices, such as clear-cut logging to the stream bank, on 

stream habitat is well studied in coastal systems (Slaney et al. 1977; Murphy and K o s k i 

1989; Lamberti et al. 1991; Ralph et al. 1994; Hartman et al. 1996), but less is known for 

interior systems (Platts et al. 1989). Logging to the stream bank eliminates the riparian 

habitat surrounding and hanging over the stream (ie. canopy). With the loss of canopy 

cover, seasonal temperature fluctuation are more severe in small streams. During the 

summer, stream temperature in unshaded areas is warmer than shaded areas (Moore and 

Gregory 1988a; Smale and Rabeni 1997), sometimes by as much as 5-15°C (Hall and 

Lantz 1969; Hartman and Scrivener 1990). In Carnation Creek located in coastal B . C . , 

water temperature of the stream flowing through clear-cut areas increased in all months 

of the year (Holtby 1988). Hall and Lantz (1969) reported increases of 15°C in streams 

running through recently clear-cut areas in coastal Oregon, and Young et al. (1999) 

reported a similar increase in temperature in a coastal B . C . stream flowing through a 

clear-cut. Increasing stream temperature reduces the amount of dissolved oxygen within 

the water (Hall and Lantz 1969) which could be deleterious to fish. On the other hand, 
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increased light penetration resulting from an open canopy increases stream primary 

production (Murphy and Hal l 1981; Wilzbach and Hal l 1985; Moore and Gregory 1988a; 

Rosenfeld and Hudson 1997) and increases cutthroat trout foraging efficiency (Wilzbach 

and Hal l 1985; Wilzbach et al. 1986). A s a consequence of increased food availability 

and foraging efficiency, cutthroat trout growth rate is often higher in open, unshaded 

areas than shaded areas (Wilzbach et al. 1986; Moore and Gregory 1988b). 

The abundance of physical structures such as large woody debris ( L W D ) and root-

wads are either reduced (Osborn 1980) or increased (Hartman and Scrivener 1990) within 

streams after logging occurs. Physical structures may decrease within the stream either 

due to the loss of L W D input from the riparian area (Ralph et al. 1994), or selective 

removal of L W D from streams during logging (Bilby and Ward 1991). Physical cover 

provides refuge for fish either from predators, or high flow conditions (enabling fish to 

conserve energy) (Hartman and G i l l 1968; Tschaplinski and Hartman 1983; Cunjak and 

Power 1986; Glova 1986; Heifetz et al. 1986; Bisson et al. 1988; M c M a h o n and Hartman 

1989; Brown and M a c K a y 1995; Watson and Hillman 1997). Juvenile salmonids move 

out of areas that have reduced cover (Tschaplinski and Hartman 1983; El l iot 1986; 

M c M a h o n and Hartman 1989). 

The addition of slash, or logging debris such as L W D or root-wads increases the 

amount of physical in-stream structures. These structures are often unstable (Hartman and 

Scrivener 1990), short lived, and can negatively impact stream stability, channel 

morphology, and may increase the amount of sediment that enters a stream after a storm. 

With the removal of riparian habitat, the size distribution of L W D shifts to smaller pieces 

(Ralph et al. 1994) which can affect the structure and distribution of channel units. A s 

well , with the complete loss of an intact riparian area, the potential future input of L W D 

and other large physical structures into the stream decreases (Ralph et al. 1994), which 

can have implications for the future productivity and physical stability of the stream. 

Tree roots and logs from the riparian area stabilize stream banks. Loss of riparian 

habitat can lead to decreased bank stability as bank erosion and sedimentation into rivers 

increase (Murphy et al. 1986). A n increase in fine sediments in streams can be 

detrimental to salmonids because it reduces invertebrate food supply (Bergstedt and 

Bergersen 1996) potentially affecting growth. A s well , increased fine sediments fill in 

6 



inter-gravel/cobble spaces which are used by juvenile fish as refuge (Anderson 1998), 

reduce the amount of good quality spawning habitat within streams (Platts et al. 1989), 

and can lead to the widening and filling in of the stream channel and channel units 

(pools), making them shallower and less suitable for fish (Anderson 1998). A s well , 

coarse sediments can enter a stream after logging. Land slides and debris flows from 

unstable road construction or stream banks can add large amounts of cobble and boulders 

into the stream which can widen, aggrade and re-route the channel (Ricks 1995). 

Crushing of eggs or juvenile fish and displacement can occur when large sediments are 

transported downstream during heavy flow events (Seegrist and Gard 1972). 
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C H A P T E R O N E 

Introduction 

The behaviour and distribution of fish in streams are influenced by both abiotic 

(habitat) and biotic (eg. predation, competition) factors (Magnan et al. 1994). Within a 

population, biotic factors are influenced by the state of the abiotic factors (Berg and 

Bremset 1998). Investigation of these processes in both lake (Hinch 1991) and stream 

systems (Naslund et al. 1998) has generally focussed on very large- (single to multiple 

watersheds) or very small- (within a single stream reach) scale. Large-scale studies are 

used to provide patterns of fish distribution over a large geographical or environmental 

scale, while small-scale studies determine what interactions are occurring within, and 

between species at the local scale (Hinch 1991). 

Large-scale (synoptic survey) studies are ideal for detecting patterns in species 

richness (Griffiths 1997), fish abundance, distribution, and diversity over a wide scale 

(Taylor and Lienesch 1995; Jowett et al. 1996, Maret et al. 1997). However, more 

detailed information, such as diet preference (Lacasse and Magnan 1992; Magnan et al. 

1994), and life history variation (Young 1999) can also be detected. Abiot ic or habitat 

factors, such as stream width or gradient, are often the primary type of variable for this 

kind of study. For example, Watson and Hil lman (1997) surveyed 93 streams in 

Washington, Idaho and Montana for bull trout (Salvelinus confluentus) presence and 24 

habitat variables. They found that bull trout were present more often in wide valley 

streams, with tree and shrub vegetation and boulder/cobble substrate. Watson and 

Hi l lman (1997) were able to correlate bull trout distribution with three habitat variables 

but no causal mechanism was identified for this association. A problem with the large-

scale approach is that specific mechanisms regulating biotic patterns often cannot be 

directly tested from the data, but only speculated upon. 

Small-scale studies can identify how abiotic and biotic factors influence the patterns 

seen in large-scale studies (Magnan et al. 1994) by mainly addressing individual 

characteristics such as behavioural or growth data from single populations (Cunjak and 

Power 1987; Quinn and Peterson 1996; Berg and Bremset 1998), or intra-interspecific 

interactions (Hartman 1965; Bisson et al. 1988). Quinn and Petersen (1996), correlated 
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coho salmon survival to different habitat variables in B i g Beef Creek, Washington. They 

found that coho salmon survival was correlated with the quantity of large woody debris 

( L W D ) , habitat type, and distance from estuary. Logistically, only a few variables can be 

studied at once in small-scale studies. Magnan et al. (1994) has suggested this method as 

being biased because some biologically important interactions between abiotic and biotic 

factors may be missed due to certain variables being excluded. 

Combining large and small-scale studies could reduce the bias suggested by Magnan 

et al. (1994) by using results from large-scale studies as the basis for small-scale studies. 

For example, Naslund et al. (1998) combined data from a nation-wide survey on brown 

trout (Salmo trutta) distribution, size and stream type with data from an intensive three 

stream study looking at the same variables. They found that the synoptic survey 

supported their results from the three stream study. 

This study is the first of two complimentary studies dealing primarily with coastal 

cutthroat trout (Oncorhynchus clarki clarki) habitat association and behaviour in coastal 

British Columbia. This study has three objectives. First, to use data collected during a 

synoptic survey in coastal British Columbia to determine which abiotic factors best 

characterize small coastal streams. The second objective is to determine i f there are any 

relationships between the abiotic factors assertained by objective one and (i) coastal 

cutthroat trout and coho salmon (O. kisutch) densities and (ii) anthropogenic activities 

(primarily logging). The third objective is to use the habitat information to generate 

hypotheses and select appropriate study streams for the complementary small-scale study 

which wi l l investigate coastal cutthroat trout habitat use, growth and movement in coastal 

streams that differ according to the habitat characterization determined in this study. 

Study Sites 

In the summers of 1997 and 1998,35 sites in 31 streams were selected for study in 

two regions of southwest British Columbia. The regions spanned an area > 1000 k m 2 

(Figure 1.1). Eleven sites were located on the southwest coast of British Columbia's 

mainland (called the Sunshine Coast - SC region) and 18 on the west coast of Vancouver 
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Island ( W C region; Table 1.1). Both regions lie within the coastal western hemlock 

biogeoclimatic zone. The geology of the S C region is mostly granitic rock from the early 

Cretaceous period. The geology of the W C region is mixed, with basaltic and 

metamorphic formations from the Jurassic, late Cretaceous and early Tertiary periods. 

Streams that were chosen had to be small in size (< 12 m width), free flowing to the 

ocean (to assume that populations were diadromous), and in a variety of landscapes (ie. 

degree of riparian logging: termed riparian status) so that a broad range of habitats that 

these fish encounter were included. Streams were selected using 1:20000 topographic and 

forest cover maps and ground searching. The three classes of riparian status were 1) old 

growth (OG), no harvesting or harvesting over 100 years ago, 2) second growth (SG), 

harvesting between 15 and 100 years ago and, 3) clear-cut (CC) , harvesting within the 

last 15 years (Table 1.1). 

Methods 

Site Selection 

The survey site within a stream was selected on the basis of easy accessibility from a 

road or trail. The length of the study site was typically equal to 10 times the average 

width of the stream. This method was used to ensure that the study site represented the 

characteristics of the whole stream. Each site consisted of several contiguous channel 

units, with at least one pool, one riffle and one glide. Six stream systems were sampled at 

multiple sites (Table 1.1). There were two criteria for considering sites within a stream 

system as independent. The first was that one site could be a tributary to the other site 

(different streams), as long as the two sites were at least 500 m apart (less chance that fish 

would move between the sites). The second criteria was that one site could be sampled 

between years, so that at least the coho salmon were not sampled twice, and the cutthroat 

trout would be larger and presumably occupying different habitat (see General 

Introduction). 
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Figure 1.1. General location of study streams within the West Coast of Vancouver Island Region 
and Sunshine Coast Region. See Table 1.1 for the stream names that correspond to the presented 
stream numbers. 
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Fish Survey 

Channel spanning nets were used at the upstream and downstream ends of each 

channel unit to prevent fish emigrating from the channel unit. Each channel unit was 

sampled by electroshocking using the triple pass method (Seber and L e Cren 1967). This 

method is widely used because population abundance estimates can easily be obtained 

(Seber and L e Cren 1967; Zippen 1958; Schnute 1983). In this study however, sample 

size of fish within the majority (24 of 31) of streams was not sufficient to accurately 

estimate population abundance (Zippen 1958). Instead, density (fish/m 2) was estimated 

by dividing the number of fish caught in each site by the surface area of the site (average 

channel unit width times the site length). 

From each sample pass, fish were identified to species, measured for mass (wet 

weight) and fork length. Fish that could not be identified to species were recorded as 

'unknown'. After the third pass was complete, all fish were returned to the channel unit 

of capture. 

Habitat Survey 

Beginning at the downstream end of each site, each channel unit was measured for 

maximum (thalweg) depth, average wetted and bankfull width, length, gradient (Suunto 

clinometer), and temperature (°C). Water velocity was measured at 40% of water depth 

(March-McBirney model 2000 FlowMate velocity meter) once per channel unit. Percent 

overhead canopy cover was estimated visually from the center of each channel unit. 

Large woody debris ( L W D ; wood pieces submerged or partially submerged and ^ 15 cm 

dbh), boulder, undercut bank, submerged and overhanging vegetation cover were 

estimated as a percentage of each channel unit. Substrate was categorized as fines (<, 1.0 

mm), gravel (2.0 - 64.0 mm), cobble (64 mm - 256 mm), boulder (> 256 mm) and 

bedrock (continuous with the bank). Each substrate class was visually estimated as a 

percentage of the stream bed of each channel unit. 
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Data Analysis 

Before any statistical analyses were performed, all percentage variables were arcsine 

transformed (asin(sqrt(x))), and continuous variables were log transformed (log(x+l)). 

Data were averaged per site, so that a site represented a replicate in the analyses. 

Principal Components Analysis (PCA) was used to examine the stream habitat data and 

describe the physical variation among the sites. Two P C A s were performed. The first 

P C A included sites where cutthroat trout (and any other species) were present and 

excluded any sites where cutthroat trout were absent (n = 32). The same analysis was 

carried out on coho salmon sites (sites where coho salmon were absent were excluded; 

coho salmon sites, n = 26). Averages of eight habitat variables were used in both P C A s : 

wetted stream width, maximum depth, percent log cover, percent undercut bank cover, 

and percent fine, gravel, cobble and boulder substrates. The other variables were 

excluded from analyses because they were inconsistently measured during the surveys so 

had no value recorded in the data set. 

Mult iple linear regression was used to relate fish densities (dependant variables) to 

the P C axes (independent variables). The analysis examined the relationship between the 

dependant variable and each independent variable simultaneously for each species. The 

general model R 2 is presented along with the slope,F - value and P - value for each 

separate relationship. These analyses can be used for predictive purposes, however in this 

paper these analyses were used to identify general associations. 

A n unpaired t-test was used to compare coho salmon density between regions. 

Analysis of covariance ( A N C O V A ) was used to compare cutthroat trout density between 

regions using boulder substrate, thalweg depth and stream width as independent 

covariates (because they were found to be related to cutthroat trout density). Analysis of 

variance tests were performed to compare coho salmon density and cutthroat trout density 

among riparian status types. Eight unpaired t-tests were carried out to test i f each of the 

eight habitat variables differed between regions. Eight A N O V A tests were performed to 

determine i f habitat variables differed among the classes of riparian status. T o control for 

eight simultaneous t-tests and A N O V A s . I used the standard Bonferroni technique to 

13 



correct the alpha level. Calculated test statistics, and associated P and |3 (power) values 

are presented for each test. 

Results 

A total of 2260 fish were caught during the synoptic surveys. Coastal cutthroat trout 

and coho salmon were the two most common species caught during the surveys (32 and 

29 sites respectively; Table 1.2). A l l coho salmon were either young of the year (0+) or 

one year olds (1+), while some cutthroat trout could have been several years of age (> 

2+). Three other species of fish were caught with regularity: the coastrange sculpin 

(Cottus aleuticus), prickly sculpin (Cottus asper), and three-spined stickleback 

(Gasterosteous aculeatus) (Table 1.2). 

Table 1.3 shows the P C structure coefficients. These are the correlations between the 

original habitat variables and the new PC variables, which are used to determine which 

variables are most important in the P C A . The results were similar for the first two axes of 

both P C A s . The first axis (PCI) described a gradient in stream width, water depth and 

dominate substrate type (Table 1.3; Figure 1.2). Stream width accounted for the majority 

of the variation of P C I for the cutthroat trout and coho salmon analyses (Table 1.3). The 

second axis (PC2) of both P C A s represent a gradient in substrate size (Table 1.3; Figure 

1.2). 

There was no linear relationship between coho salmon density and any P C axis, 

however cutthroat trout density was negatively correlated to P C I (multiple regression; 

Table 1.4; Figure 1.3). 

There was no difference in coho salmon density (t005{2)26 = -0.797; P = 0.4327), or 

cutthroat trout density (F0.o5<2).i.i5 = 0.701; P = 0.4157) between regions (Figure 1.4) or 

among riparian classes (coho salmon sites: P0.05(2)2,25 -
2.730; P = 0.0847; p = 0.48; 

cutthroat trout sites: F0.o5(2),2,29= 

1.608; P = 0.2177; p = 0.30; Figure 1.5). In general 

however, coho salmon density tended to be highest in clear-cut sites compared to old 

growth (Pearson's Least Squared Difference (PLSD) P = 0.0505) and second growth sites 

( P L S D P = 0.0503; Figure 1.5). 
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There were no significant differences in habitat variables between regions and among 

riparian status (Table 1.5 and 1.6). Figure 1.6 is the same figure as Figure 1.2, however 

the sites are arranged by riparian status. Clear-cut sites seem to clump together, however 

the sample size is quite low, as is the case for old growth sites. Second growth sites are 

the most variable in habitat type encompassing the whole range of PC axes. 

Table 1.1: Habitat characteristics of the study sites. Tributary = Trib.. Riparian status: 
OG: old growth (> 100 years since last harvest, or no harvest); SG: second growth (15 
100 years since last harvest); CC: clear-cut (< 15 years since last harvest). 

Region Sample Stream Name No. Site Thalweg Average Reach Riparian 
Year Depth (m) Width (m) Length (m) Status 

SC 97 Angus 1 1 0.41 4.6 21.2 S G 
SC 98 Angus 1 2 0.45 4.18 45.3 SG 
SC 97 Burnett 2 3 0.47 4.57 16.6 SG 
SC 98 Coho 3 4 0.15 1.68 23.2 SG 
SC 98 Coho S. Arm 3 5 0.15 1.24 21.8 SG 
SC 97 Colvin 4 6 0.14 1.45 19.7 SG 
SC 97 Cook 5 7 0.12 1.1-7 30.1 SG 
SC 97 Husdon 6 8 0.27 2.61 237.2 SG 
SC 98 Husdon 6 9 0.30 2.43 34.3 SG 
SC 97 Lawlers 7 10 0.21 2.60 216.2 O G 
SC 97 Scrub 8 11 0.27 3.07 18.9 S G 
SC 97 Snake 9 12 0.24 4.05 25.3 S G 
SC 98 Snake 9 13 0.16 1.97 75.2 SG 
SC 97 Tzoonie 10 14 0.41 3.00 21.7 SG 
SC 97 Tzoonie Trib 11 15 0.18 3.15 30.4 SG 
SC 98 Wee 12 16 0.17 1.48 22.6 SG 
s c 97 Wilson 13 17 0.31 4.36 60.2 S G 
w c 98 Car Wash 14 18 0.34 2.22 32.1 SG 
w c 98 Chess 15 19 0.27 1.84 22.5 O G 
w c 98 Clear-cut 16 20 0.35 3.30 22.4 CC 
w c 98 Early 17 21 0.29 1.72 24.0 S G 
w c 98 Fundy 18 22 0.64 6.60 174.1 SG 
w c 98 Kootowis S. Trib 19 23 0.20 1.36 40.6 CC 
w c 98 Kootowis 20 24 0.20 1.40 50.3 CC 
w c 98 Kootowis N. Trib 21 25 0.32 1.35 61.5 CC 
w c 98 Kootowis Trib 22 26 0.31 1.54 35.7 CC 
w c 98 Log Boom 23 27 0.19 1.18 17.9 O G 
w c 97 Lost Shoe 24 28 1.07 8.28 180.6 S G 
w c 98 Oyster Jim 25 29 0.37 2.59 40.3 O G 
w c 98 Schooner 26 30 0.47 3.07 56.0 SG 
w c 98 Sewage 27 31 0.24 0.92 34.0 SG 
w c 98 Staghorn N. Trib 28 32 0.29 1.42 29.4 SG 
w c 98 Staghorn S. Trib 29 33 0.24 2.21 46.4 S G 
w c 98 Ankle 30 34 0.32 3.10 28.4 O G 
w c 98 Ginnard W. Trib 31 35 0.21 1.49 68.5 O G 
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Table 1.2: Density (fish/m2) of fish species at the different sites. Scientific nomenclature 
for each species is given in the Results section of the text. 

Stream Site Density (fish/m2) 
Cutthroat Coho Coastrange Sculpin Prickly Three-spined Other 

trout salmon sculpin spp. sculpin stickleback 
Angus 1 0.10 0.08 
Angus 2 0.16 0.52 0.91 0.01 
Burnett 3 0.32 0.15 
Coho 4 0.85 0.58 0.74 
Coho S. Arm 5 2.05 0.25 
Colvin 6 0.69 0.66 0.20 0.03 
Cook 7 0.79 0.03 
Husdon 8 0.32 0.13 
Husdon 9 0.56 0.27 
Lawlers 10 0.08 0.09 
Scrub 11 0.05 0.09 
Snake 12 0.15 0.44 
Snake 13 0.13 0.22 0.41 
Tzoonie 14 0.14 
Tzoonie Trib 15 0.33 
Wee 16 1.60 0.21 0.03 
Wilson 17 0.06 
Car Wash 18 1.19 0.36 
Chess 19 0.20 0.02 0.37 
Clear-cut 20 0.35 1.35 0.07 0.09 
Early 21 0.55 0.27 
Fundy 22 < 0.01 0.02 0.04 
Kootowis S. Trib 23 0.21 1.71 0.02 
Kootowis 24 0.39 1.55 
Kootowis N. 25 0.54 0.10 
Trib 
Kootowis Trib 26 0.27 0.19 0.29 
Log Boom 27 0.14 0.10 0.72 
Lost Shoe 28 0.03 0.05 0.01 0.01 0.00 
Oyster Jim 29 0.08 0.11 
Schooner 30 0.17 0.20 
Sewage 31 1.32 
Staghorn N. Trib 32 1.30 0.12 0.02 
Staghorn S. Trib 33 0.53 0.27 0.07 
Ankle 36 0.13 0.01 0.17 0.02 
Ginnard W. Trib 35 0.02 0.31 0.02 0.05 0.05 
Total Number 820 846 266 264 12 42 10 
(%) (36) (37) (12) (12) (0.5) (2) (0.5) 
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Table 1.4: Mult iple regression relationships with the slope, F -values and associated P 
values presented for the cutthroat trout analysis. The asterisk indicates a significant 
relationship between the P C axis and cutthroat trout density (alpha = 0.00625). 
Variable Slope F- value P-value R 2 

Model 1.79 0.138 0.42 
P C I -0.655 10.99 0.004* 
P C 2 -0.050 0.02 0.881 
PC3 0.368 0.98 0.335 
P C 4 0.304 0.19 0.666 
P C 5 -0.518 0.33 0.573 
P C 6 -1.054 1.06 0.315 
P C 7 1.388 0.77 0.390 
P C 8 0.033 0.00 0.989 

Table 1.5: Average (± SE) of steam characteristics by region (SC: Sunshine Coast; W C : 
West Coast of Vancouver Island). Unpaired t-test values and associated P - values are 
also presented. Significance level was set at P < 0.00625. 

S C W C t-value P-value 
Stream Width (m) 2.69 ± 0.34 2.55 ± 0.55 0.219 0.8284 
Maximum Depth (m) 0.25 ± 0.03 0.35 ± 0.06 -1.423 0.1661 
% L o g Cover 10 .10± 2.80 6.70 ± 2.20 0.959 0.3462 
% Undercut Bank Cover 6 . 1 0 ± 2.40 4.30 ± 1.60 0.621 0.5396 
% Fine Substrate 13.30 ± 4.60 21.60 ± 7 . 1 0 -0.984 0.3340 
% Gravel Substrate 44.00 ± 5.10 28.50 ± 4.00 2.402 0.0234 
% Cobble Substrate 15.20 ± 3.30 19.40 ± 5.50 -0.643 0.5254 
% Boulder Substrate 11 .80± 4.80 9.90 ± 4.20 0.299 0.7671 

Table 1.6: Average (± SE) of stream characteristics in clear-cut (CC) , old growth (OG) 
and second growth (SG) streams. Analysis of variance F -values and associated P -
values are also presented. 

C C O G S G F-value P-value 
Stream Width (m) 1.79 ± 0.38 1.92 ± 0.60 2.99 ± 0.45 1.197 0.3195 
M a x . Depth (m) 0.28 ± 0.03 0.24 ± 0.04 0.32 ± 0.05 0.229 0.7971 
% L o g Cover 4.80 ± 0.70 7.30 ± 5.90 9.30 ± 2.50 0.421 0.6609 
% Undercut Bank 7.60 ± 3.20 2.00 ± 2.00 5.40 ± 1.90 0.782 0.6232 
% Fine Substrate 27.60 ± 7.00 5.00 ± 4.00 17.40 ± 5.80 0.937 0.4056 
% Gravel Substrate 30.60 ± 7.30 33.00 ± 10.70 37.90 ± 4.60 0.333 0.7203 
% Cobble Substrate 13.40 ± 11.20 26.70 ± 10.80 15.90 ± 3 . 1 0 0.682 0.5149 
% Boulder Substrate 2.80 ± 2.80 18.30 ± 11.70 10.70 ± 4.00 0.874 0.4303 
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Discussion 

Data from the synoptic surveys were useful in characterizing small coastal streams. 

From the two P C A s , the combination of stream width, water depth and substrate size 

were found to be important abiotic variables that describe small coastal streams within 

the two regions sampled (Figure 1.2). Of these variables, stream width was the most 

important variable, accounting for over 96% of the variation of the first P C axis of both 

analyses. 

Coho salmon density was not related to any of the eight P C axes. Murphy et al. 

(1989) found that coho salmon were present across a range of habitats in the Taku River, 

Alaska, but density was greatest in off-channel habitat where water velocity was < 30 

cm/s. Off-channel habitat was not sampled in this study, and velocity was not included in 

the analyses because it was sampled infrequently. Incorporating off-channel habitat and 

velocity data into the correlative analyses may have yielded a relationship. A s well , it is 

known that coho salmon are naturally found in lakes (Swales et al. 1987), ponds 

(Peterson 1982) and large streams (Sandercock 1991) which were not sampled either. 

Bradford et al. (1997) compiled data from several studies that estimated coho salmon 

smolt abundance specifically within rivers. They were able to correlate smolt abundance 

with various habitat variables specific to the regions sampled, however they concluded 

that there are no good general predictive models to estimate coho salmon abundance 

because spatial and temporal variability among streams is high, making it difficult to find 

a general model. 

Another approach may be to include biotic factors, such as the number of spawning 

coho salmon, the density of other fish species and food availability. A s Chapman (1966) 

stated, the abiotic condition of the stream wi l l legislate the density within a stream while 

the biological or biotic factors within the stream wi l l govern or determine what density 

wi l l prevail. L o w adult ocean survival over the past 20 years (Slaney et al. 1996) has lead 

to reduced numbers of spawning coho salmon within streams which in turn may account 

for low juvenile density. Perhaps i f juvenile coho salmon densities within streams were at 

higher historical levels, stronger associations might have been found between density and 
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habitat. Competition between coho salmon and other salmonids (Hartman 1965; Taylor 

1991), and trout (Bisson et al. 1988; Sabo and Pauly 1997) has been found to influence 

coho salmon habitat association within the stream, and it may influence differences in 

coho salmon density between habitat types or streams. Coho salmon fry density tended to 

be higher in clear-cut streams as Thedinga et al. (1989) has also found. The removal of 

the forest canopy increases the amount of light that penetrates the stream which can cause 

an increase in invertebrate production (Murphy and Hal l , 1981) which may influence fish 

density. Mason (1976) found that food rather than space limited coho salmon production 

during the summer. The advantages of clear-cut streams during the summer on coho 

salmon fry may be negated during the winter as coho salmon fry often migrate out of 

these streams usually due to their lack of suitable overwintering habitat (Tschaplinski and 

Hartman 1983). 

Stream width was the most important variable in predicting cutthroat trout density. 

M y results are consistent with other studies which have shown that cutthroat trout 

densities are in higher in narrow, small streams (Hartman and G i l l 1968; De Leeuw and 

Stuart 1981; Johnson et al. 1986; Swales et al. 1987; Bozek and Hubert 1991). Cutthroat 

trout are thought to have been forced into these small streams due to competitive 

interactions with other species, particularly coho salmon (Glova 1986; Bisson et al. 1988) 

and rainbow trout or steelhead (O. mykiss) (Hartman and G i l l 1968) when present. I also 

found that cutthroat trout densities were higher in streams which had a low percentage of 

boulder substrate. Streams that have few boulders are often dominated by smaller 

substrates such as gravel and fines. Others have found that cutthroat trout associate 

positively with gravel substrates (Heggenes et al. 1991b). 

There were no differences in cutthroat trout densities among the riparian status 

classes. Others have found that cutthroat trout have higher biomass or density in streams 

that have been most recently logged (Murphy et al. 1981; Connolly and Hal l 1999). From 

the P C A for cutthroat trout sites, recently clear-cut streams were fairly closely clumped in 

terms of similar habitat types, as were old growth sites, however the sample size for old 

growth sites was very low. Second growth sites on the other hand had the widest range of 

habitats, (ie. found at each axes extreme). The majority of cutthroat trout streams 
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presumably flow through second growth forests, so having a more specific classification 

(such as years since logging) may be a better method for predicting cutthroat trout 

density. 

There are several possible mechanisms to explain why cutthroat trout were had higher 

density in narrow, shallow, and smaller substrate streams. There is evidence that higher 

invertebrate production leads to higher growth rates (Moore and Gregory 1988a) or 

abundance (Murphy and Hal l 1981; Wilzbach and Hal l 1985) of cutthroat trout. High 

density cutthroat trout streams (narrow, shallow, smaller substrate) may have higher 

invertebrate abundance than less favourable streams, which leads to higher growth rate 

and density. There may be a limit however, as it is well understood that invertebrate 

biomass or abundance decreases with increases in fine substrates (Slaney et al. 1977; 

Lester et al. 1994). Therefore, it is unlikely that streams dominated by purely fine 

substrate and not a combination of gravel and fines can provide adequate surface area for 

invertebrate production to influence fish density. 

A less obvious mechanism to explain the observed differences in cutthroat trout 

density between stream types may be that movement or swimming activity of fish 

influences growth rate and density between stream types, assuming that food is limiting. 

Increasing average daily or seasonal activity limits the amount of overall energy a fish 

has for normal digestion and growth (Priede 1985). In less favourable habitats, such as 

ones with limited refuges, fish may move more often in search of suitable habitat. 

Therefore, fish that move more often may grow less or have less energy for reproduction 

which may lead to lower density. 

The negative correlation between cutthroat trout density and P C I show that cutthroat 

trout are more abundant in narrow, shallow streams, with fewer boulder substrates. The 

relationship between cutthroat trout density and P C I is clearly not linear. Perhaps a 

negative exponential relationship would be more appropriate to devise a predictive 

model, however that was not the intention of this paper. Here, finding general 

associations between habitat variables and densities was the goal because the results w i l l 

be used to select stream habitat types that reflect the general habitat conditions in which 

cutthroat trout are found. 
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Small-scale Study: Hypothesis and Site Selection 

I have presented two possible mechanisms which could answer the question of why 

cutthroat trout density is related to stream width, depth and substrate composition. First, 

food availability is higher in the preferred habitat which leads to higher growth rate. 

Direct testing of this hypothesis is needed. Second, the amount a fish moves in different 

stream types is inversely related to growth rate which directly influences density. 

Because there is virtually no research relating habitat type to movement and growth rate 

of cutthroat trout, I designed a small-scale comparative study based on the results of this 

large-scale study. The study was conducted during the winter because stream conditions 

are presumably most adverse (Cunjak 1988), even though the results presented here are 

from the summer. 

I w i l l compare cutthroat trout movement and growth rates between different stream 

types based on the P C and regression analysis results (Figure 1.2; Figure 1.3). In 

comparative ecological studies on fish populations, streams are often classified by their 

width (Hartman and G i l l 1968), gradient (De Leeuw and Stuart 1981), or a combination 

of both (Bozek and Hubert 1991). Stream width (inferred from watershed size) and 

gradient are probably used because data for these variables are easily obtainable from 

topographic maps and aerial photographs. From my results, substrate composition and 

stream depth along with stream width may be more important variables when sampling 

streams, especially for the south coast of British Columbia. A s a result I have classified 

my study streams for the small-scale study as: relatively wide, deep, with coarse substrate 

(low density); relatively narrow, shallow, with fine substrate (high density) and; 

relatively narrow, shallow, with coarse substrate (intermediate density). 

Among-stream trends in abiotic conditions that were identified from the large-scale 

study were used to select sites for my small-scale study (Chapter Two). I am confident 

that the results from the small-scale study wi l l have less bias and present a more realistic 

portrayal of the factors influencing coastal cutthroat trout density in small coastal 

streams. 
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C H A P T E R T W O 

Introduction 

Coastal cutthroat trout inhabit aquatic systems along the northwest coast of North 

America (Figure 2.1). Although cutthroat trout are widespread, information on population 

abundance and life history trends is unknown for approximately 80% of the populations 

within B . C . (Slaney et al. 1996). The information that is available suggests a major 

decline i n abundance within and among populations throughout their range over the past 

20 years (Trotter 1989; Slaney et al. 1996). Habitat loss due to stream side logging is 

thought to be one cause for the observed range-wide decline in cutthroat trout population 

abundance (Trotter 1989; Slaney et al. 1996). 

Coastal cutthroat trout typically live in small (< 5 m wide), headwater and tributary 

streams (see Chapter One; Hartman and G i l l 1968; Swales et al. 1987; Bozek and Hubert 

1991), which under the current forestry guidelines may not get adequate protection from 

streamside clear-cut logging. The effects of forestry practices on streams habitat are well 

studied in coastal systems (Slaney et al. 1977; Murphy and Kosk i 1989; Lamberti et al. 

1991; Ralph et al. 1994; Hartman et al. 1996), but less is known for interior systems 

(Platts et al. 1989). In general, logging to the stream bank eliminates the riparian habitat 

surrounding and hanging over the stream (ie. canopy), reduces the usefulness of L W D 

within the stream, and increases the chance of added sediment load into the stream via 

erosion and land slides (see General Introduction). I found in Chapter One that cutthroat 

trout density was negatively correlated with a gradient in stream habitat. The focus of this 

chapter is to further the investigation into the mechanism(s) behind this correlation. I 

compared the movement, growth and habitat association of cutthroat trout in three 

streams, each of which has been altered by logging (second growth streams), but to 

different degrees as each stream fits the habitat and density criteria outlined in Chapter 

One. From now on I w i l l refer to streams that had some level of habitat degradation to be 

in an "altered" state, ranging from "heavily-altered" to "moderately-altered" to 

"minimally-altered". 
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detail in (b). The arrows in (b) indicate the location of the study sites on each stream. 
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This study was conducted during the winter as there is a lack of information about the 

general ecology of cutthroat trout during this season. In general, winter stream conditions 

are thought to be harsher than summer because water temperatures are lower, discharge is 

higher, and fluctuation in water levels greater. Cutthroat trout are thought to change their 

habitat use from summer to winter, however this shift has not been adequately 

documented and needs further investigation. As well , there are conflicting views in the 

literature about how short-term flow changes (floods) affect fish in streams (Hanson and 

Waters 1974; Harvey 1987; Heggenes 1988; Todd and Rabeni 1989; Harvey et al. 1999). 

The main objective of this study is to examine how cutthroat trout respond, as 

measured by movement, growth and habitat association, to changes in seasonal and short-

term (ie. flood event) flow conditions in streams of differing physical characteristics. I 

measured movement, growth and habitat association of cutthroat trout in the three stream 

types from August 1998 to A pr i l 1999. The specific objectives were to (1) contrast the 

rates and directions of cutthroat trout movement among the stream types, during seasonal 

and short-term changes to stream discharge, (2) contrast seasonal growth rates among the 

stream types, and (3) contrast seasonal habitat associations for cutthroat trout among the 

stream types. I made three predictions based on the assumption that, during the fall, 

stream discharge (water level) would be relatively low and constant and, during the 

winter, stream discharge would be relatively high and variable (Figure 2.2). The first 

prediction was that during the fall, movement rates within the streams would be similar 

among stream types whereas during the winter movement would be greater in the 

heavily-altered stream compared to the minimally-altered stream and intermediate in the 

moderately-altered stream. The second prediction was that during the fall , growth rates 

would be equal among streams but that during the winter growth rates would be least in 

the heavily-altered stream, intermediate in the moderately-altered stream and highest in 

the minimally-altered stream (the ability to acquire food has been reduced assuming that 

fish need to spend their energy avoiding high flows as the habitat has been altered) The 

final prediction was that there would be no difference in seasonal habitat association by 

cutthroat trout among the streams types. 
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Study Sites 

The study was conducted on the Sunshine Coast between Port Melon and Sechelt, 

B . C . (Figure 2.1). Three streams were selected on the basis of their average width and 

dominant substrate class (see Chapter One for rationale): relatively narrow, shallow with 

fine substrate (minimally-altered); relatively wide, deep with coarse substrate (heavily-

altered); and narrow, intermediate depth and coarse substrate (moderately-altered; Table 

2.1). 

Table 2.1: General morphological characteristics of the three study streams. Slope, 
bankfull width, boulder/cobble substrate, and sand/gravel substrate are averages (per 
channel unit) over the e ^ 

Avalon Husdon Pipe 
Heavily-Altered Minimally-Altered Moderately-Altered 

Stream Order 2 2 1 
Study Reach Length (m) 220 180 120 
Slope (%) 4.22 ± 0 . 3 1 , 173 1.76 ± 0.14,251 3.47 ± 0 . 4 9 , 6 5 
Bankfull Width (m) 13.08 ± 0.37, 182 4.16 ± 0.11, 302 5.28 ± 0.16, 69 
Boulder/cobble (%) 63.48 ± 0.91, 178 9.54 ± 0.44, 268 45.31 ± 1.46, 65 
Sand/Gravel (%) 34.70 ± 0.62, 178 77.58 ± 0.86, 268 49.62 ± 1.04, 65 

The minimally-altered stream, Husdon Creek, is a tributary to Wilson Creek which 

flows into the Strait of Georgia (Figure 2.1). The study site is approximately 2.5 km from 

the Wilson Creek estuary and was about 180 m long (Figure 2.3). The area surrounding 

the study site is second growth forest (81 - 100 years old), dominated by western 

hemlock (Tsuga heterophylla), western red cedar (Thuja plicata) and red alder (Alnus 

rubra). A deactivated logging road and bridge run through the middle of the study site 

(Figure 2.3). The headwaters of Husdon Creek contain fairly low gradient small tributary 

streams which run through predominately young (< 20 year old) lodgepole pine (Pinus 

contorta) and Douglas fir (Pseudotsuga menziesii), and western red cedar forests. In 

1983, a 17.3 ha. area was clear-cut logged and then burned two kilometers upstream of 

the study sight. The sight now has a stand of < 20 year old western red cedar and western 

hemlock with some spruce (Picea spp.), red alder and balsam poplar (Poplus 

balsamifera). In 1988 a 9.7 ha. area was clear-cut logged and subsequently burned in 

1989 approximately one kilometer upstream of the study site. There has been no evidence 
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of major post-logging environmental changes to the lower sections of Husdon Creek, 

however there may be a small increase in fine substrate accumulation within the stream 

since logging occurred (Grant M c B a i n , Department of Fisheries and Oceans, Sunshine 

Coast, B . C . , P .O. Box 10, Madera Park, B . C . , V O N 2H0, personal communication). 

The heavily-altered stream, Avalon Creek, flows directly into Howe Sound (Figure 

2.1). The study site is appoximately 400 m from the estuary and is approximately 220 m 

in length (Figure 2.3). The area surrounding the study section is second growth (41 - 60 

years old) forest consisting of western hemlock and bigleaf maple (Acer macrophyllum). 

There are two distinct sections of Avalon Creek: the upper, steep headwater section that 

is dry for most of the year, and the lower fish bearing section. The transition between 

these two sections occurs at a culvert under a highway. The headwaters of Ava lon Creek 

originate in a large, high gradient gully. Within a six month period between the end of 

1984 and mid-1985, three areas within the headwater section of Avalon Creek were clear-

cut. A total of 107.1 ha of forest was clear-cut in the upper headwater section, while two 

clear-cuts of 86.1 ha and 20.1 ha each were logged lower down. Since 1984, there have 

been several landslides and debris flows which have originated within the gully (Ian 

Gazeley, local resident, Sunshine Coast, B . C . , P.O. Box 1318, Gibsons, B . C . , V O N 1V0, 

personal communication). Some debris flows (including one in November of 1998) have 

washed over the highway and into the downstream, fish bearing reach (study site), 

causing extensive widening and accumulation of coarse substrate. 

I selected an unnamed tributary to Avalon Creek to represent the moderately-altered 

study stream. Pipe Creek was initially a logging skidder trail, but over time it has eroded 

and now maintains a low level of water throughout the year. Coho salmon (O. kisutch) 

and cutthroat trout persist there throughout the year. Pipe Creek is less than 500 m in 

length when fully wet. The study site was approximately 120 m in length (Figure 2.3). 

The stream is fed mostly from a roadside ditch and from a small groundwater feeder 

tributary. A t low summer flows, there is no surface water connection between Ava lon 

and Pipe Creeks. Red alder and bigleaf maple are the predominant tree species 

surrounding the stream. 
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Methods 

Data collection began on August 9, 1998 and ended on March 28, 1999, with extra 

collection during the weeks of Apr i l 11, June 21, and August 25, 1999.1 conducted 

monthly and some daily sampling of flow conditions and stream habitat to monitor the 

changing characteristics of the stream over the seasons. Movement of cutthroat trout was 

assessed using two methods: mark-recapture using minnow trapping of fish implanted 

with passive induction transmitter tages (known as PIT tags), and radiotelemetry. The 

two methods of observation were used in order to assess movement rates over the full 

size range of cutthroat trout within these streams. Movement rates were calculated using 

all data, however growth rate, population density and survival estimates were calculated 

using the PIT tagged data only. 

Stream Habitat Surveys 

Initial Set-up and Daily Sampling 

Seasons defined by water temperature changes rather than by calendar dates are more 

realistic when dealing with fish (Cunjak and Power 1986). Thus I defined seasons by 

significant transitions in water temperature. I measured air and water temperature on days 

when present at each stream using a hand held thermometer. I determined the seasons 

after all the data were collected. Fall began in September, 1998, when stream water 

temperatures began to decrease from the steady high summer temperatures. Fal l ended at 

the end of December, 1998, once the water temperature started to maintain a constant low 

level. During the winter water temperatures were constant and low. This season began in 

early January, 1999 and ended in mid A p r i l , 1999 (when water temperatures began to 

increase again). I only took one temperature reading in June 1999 and assumed that this 

period was spring as the temperature was still relatively cool (range: 6.0°C to 12°C; 

A p r i l , 1999 to June 1999). I took one temperature reading in August 1999 and since the 

temperature was quite warm (> 10.0 °C) I assumed that was summer (June, 1999 to 

August, 1999; Table 2.2). 
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T o measure daily water depth I stationed metal metre sticks (0 cm = ground level) 

within the study site in Husdon and Pipe Creeks (Figure 2.3) and downstream of the 

study site in Avalon Creek. Daily rainfall was collected in 100 ml graduated cylinders 

placed near each stream in areas free of overhanging vegetation or trees. 

Stream discharge was estimated by calculating the channel rating curve (R.W. 

Newbury, Consulting Engineer, Newbury Hydraulics, P.O. Box 1173, Gibsons, B . C . , 

V O N 1 VO, personal communication) for each stream. T o predict stream discharge, I 

carried out repeated water velocity transects at the stationary metre sticks using a March-

McBi rney model 2000 FlowMate velocity meter. Water depth was plotted against the 

discharge calculated from the velocity transect so that stream discharge could be inferred 

from the depth on the metre sticks (Gore 1996; see Appendix 1). 

Table 2.2: Mean water temperature and air temperature (°C; ± SE , n) of fall and winter in 
each stream. Temperatures for spring and summer are not averages, but one time 
measurements (n = 1). (Note: summer may have commenced earlier in Husdon Creek 
than the others as stream temperature was at 12°C in June.) 
Stream Fall Winter Spring Summer 
Water Temperature 
Avalon 8.91 ± 0.34,38 4.38 ± 0.06, 54 7.0 11.5 
Husdon 8.97 ± 0.26, 45 5.86 ± 0 . 1 0 , 4 7 12.0 13.5 
Pipe 8.19 ± 0 . 2 6 , 22 5.10 ± 0 . 0 5 , 5 2 6.0 10.0 
Air Temperature 
Avalon 9.35 ± 0 . 5 8 , 3 9 5.01 ± 0.38, 54 12.5 -
Husdon 9.08 ± 0.59,46 5.63 ± 0.29, 48 16.0 -
Pipe 7.32 ± 0.55, 23 5.31 ± 0 . 4 2 , 52 12.5 -

In Ava lon and Husdon Creeks, I placed numbered wooden posts every 15 m along the 

stream bank for the length of the study site as reference points of linear stream distance 

(Figure 2.3). To quantify the stability of the physical structures within the streams, I 

randomly selected and individually marked 16 pieces of L W D within Avalon and Husdon 

Creeks (Figure 2.3). The distance from the nearest downstream wooden post to the L W D 

was recorded at the beginning of the study. A t different times throughout the study I 

recorded the position of each of these pieces of L W D . 
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Monthly Sampling 

I conducted habitat surveys (procedure modified from the Methods for Stream 

Habitat surveys, Oregon Department of Fish and Wildlife, 1997) approximately every 28 

days to characterize the within-stream physical habitat of each stream. This sampling 

schedule allowed me to detect temporal changes in the morphology and physical structure 

of the streams thereby better enabling me to determine the available habitat for fish 

(Herger et al. 1996; Giberson and Caissie 1998; Hilderbrand et al. 1999). During each 

habitat survey, I estimated the length, average wetted and bankfull width, average and 

maximum depth, percent substrate, percent physical cover, percent canopy cover, slope 

and the number of trees and percentage of vegetation in the designated riparian area of 

each channel unit within the entire study site. 

Widths and lengths of channel units were measured using a 50 m measuring tape. 

Depths were estimated using a measuring stick. Substrate was categorized according to 

the Methods of Stream Habitat surveys (Oregon Department of Fish and Wildlife, 1997) 

as organic (sticks, leaves, fine organic detritus etc.), silt (< 0.0625 mm), sand (1.0 -

0.0625 mm), small gravel (2.0 - 4.0 mm), large gravel (4.0 - 64 mm), cobble (64 - 256 

mm), boulder (> 256 mm), bedrock (continuous with bank). Physical cover included 

L W D (> 15 cm diameter), small woody debris (SWD: < 15 cm diameter, or upturned 

shrub roots), undercut banks (< 20 cm deep), root-wads (upturned or imbedded tree 

roots), vegetation (submerged to ^ 1.0 m above water) and boulders. A l l physical cover 

types excluding undercut banks were determined by visually estimating the percentage of 

the channel unit area covered by each structure. The remainder percentage of the channel 

unit was considered as open water. Percent undercut bank was determined by estimating 

how much of the total length of the channel unit bank was undercut (eg. the complete 

length of the left bank would equal 50%). Canopy cover was estimated by standing in the 

center of each channel unit and looking up to estimate how much of the sky was blocked 

out by trees branches and leaves (ie. 75% canopy cover equals 25% open sky). Slope was 

estimated using a hand held Sunnto clinometer. The designated riparian area was defined 

as the area covering 10 m x the length of the channel unit. Woody (shrubs) and non-

woody (grasses and ferns) plants were estimated as a percentage of the riparian area 
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ground cover. A s well I counted the number of hardwood and softwood trees within the 

riparian area. 

After a storm event (defined as > 10 cm/day change in water depth) or when there 

was not sufficient time to complete a full habitat survey, 1 would conduct a "partial" 

habitat survey. The partial surveys were done within a 30 m permanently marked section 

of the study site (Figure 2.3). Usually only length, average wetted and bankfull width, 

and average and thalweg depth were measured for each channel unit during these 

surveys. 

Fish Trapping and PIT Tagging 

I used minnow traps, baited with salmon roe or wet cat food in perforated canisters, to 

capture individual fish for purposes of implanting PIT tags or transmitters and measuring 

movement rates of recaptured PIT tagged fish. The traps were effective in capturing fish 

between 30 and 150 mm in length. I placed the traps < 5 m apart in a variety of channel 

units and cover types using a standardized random pattern, however low water levels in 

Avalon Creek during August, September and October limited the placement of traps to < 

10 m apart (Figure 2.4). I marked the location of each trap with flagging tape so that the 

distance between each adjacent trap would be constant. Over the course of the study, as 

water levels rose and as the stream channels changed in shape and location, new traps 

were added to fi l l in areas where large gaps occurred. The number of traps set between 

trapping sessions was seldom consistent because traps could not be set in areas that were 

too shallow or fast flowing. Overall I successfully marked a total of 65 ,47 and 24 traps in 

Husdon, Avalon and Pipe Creeks respectively (Figure 2.4). Ten additional traps were 

flagged within an area 25 to 50 m upstream and downstream of the study sites. These 

traps were set once a month to catch fish that were potentially emigrating from or 

immigrating into the study site. 

Minnow traps were set every two weeks (termed a trapping session) during the 34 

week study, plus three additional trapping sessions in A p r i l , June and August of 1999. 

Trapping began in mid to late August in Husdon and Avalon Creeks and mid October in 

Pipe Creek. Traps were fished for at least a 4 hours set during each sampling session in 
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Avalon 

Figure 2.4: Placement of minnow traps within the three study sites. Diagrams include all traps that were 
flagged during the study. Not all traps were set during a single trapping session. "Addit ional" traps are 
not shown, as they were set between 25 and 50 m downstream and upstream of the study sites 
(see Methods: Fish Trapping and PIT Tagging). 
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the fall, spring and summer when water temperatures were > 6°C and overnight during 

the winter when water temperatures were < 6°C. A l l fish caught were measured for 

length to the nearest millimeter (fork length) and wet weight to the nearest 100 t h of a 

gram (0.01 g). Each captured fish received a unique fin clip depending on i f it was caught 

within the study reach or the extra upstream or downstream areas (anal and caudal clips 

only). A l l fish greater than 65 mm long were implanted with a PIT tag, which was 

inserted into the abdominal cavity posterior to the pectoral girdle (Prentice et al. 1990). 

Immediately following a trapping session, I measured habitat characteristics for each 

trap location, including the type of channel unit, water depth, distance to nearest bank, 

water velocity (at 40% depth), dominate substrate class and physical cover type and 

combinations of these. During some weeks it was impossible to record all the habitat 

information due to hazardous water conditions or short day length. 

Radiotelemetry 

I captured fish for implantation of transmitters primarily during the trapping sessions, 

however the first five fish were caught using an electroshocker (Smith-Root Model 12A). 

I used radiotelemetry to track the movements of 18 fish (Table 2.3). Because of the size 

and weight of the transmitters, only relatively large fish exceeding 140 mm in length and 

35 g in weight (average length = 175 mm, range = 147 - 263; average weight = 62.69 g, 

range = 35.37 - > 200 g) could be implanted (Table 2.3). Surgical implantation of 

transmitters into the abdominal cavity is thought to have little affect on the natural 

behaviour and physiology of the fish (Martin et al. 1995) as long as the transmitters do 

not exceed 4% of their body weight (Adams et al. 1998a, Adams et al. 1998b). I used 

either Holohi l B D - 2 G transmitters (1.75 g, 18x9x6 mm body with a 19 cm antennae, 

battery life of 4 months) or Holohil B D - 2 H transmitters (1.35 g, 18x8x7 mm with an 

internal antennae, battery life of 2 months), depending on the weight of the fish (smaller 

fish received the lighter transmitter). Each transmitter was programmed with a unique 

frequency thereby identifying each individual fish. 

I anaesthetized fish in 11 of water with approximately a half a tablespoon of sodium 

bicarbonate. Once the ventilation rate of the fish reached approximately one operculum 
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movement per two seconds, I placed it on its dorsal side in a trough lined with neoprene 

which could be adjusted to match the width of each fish. Water was manually poured 

over the mouth and gills during the surgery. A 10 mm long incision was made off the 

midline of the ventral surface mid way between the pelvic and pectoral girdles. The 

transmitter body and external antenna (if present) were placed within the abdominal 

cavity. Three sutures were used to close the incision, then the wound was cleaned with an 

antibacterial agent and sealed with a veterinarian glue. The surgical procedure took 3 to 5 

minutes to complete. Fish were then placed into a 101 recovery bucket filled with fresh 

water. Before returning a fish back to the capture site, it was left in a recovery bucket 

until it displayed an upright position and was actively swimming (usually took 3 0 - 6 0 

minutes). 

Fish were tracked using a Lotek Suretrack STR1000 radio receiver and H-antenna on 

at least three days per week (each day is termed an observation day). I located fish at least 

twice within each observation day on an hourly basis. Within a week, a minimum of six 

observations were made per fish. Fish were tracked at different times during the day: M : 

morning, dawn ti l l noon; A : afternoon, noon till dusk; N : night, dusk till midnight. I 

attempted to vary the time of day I was at a stream so that observations could be made at 

each time period. Less observations were made during the night period due to safety 

reasons. During a storm event I tried to locate all radiotagged fish at least once; however, 

this was not always possible due to hazardous water conditions. 

Fish were located when the signal on the radio receiver was strong and fairly 

constant. I tested the accuracy of the receiver by locating a dead fish implanted with a 

transmitter and tied to a stick in the water column. I found that during normal flow 

conditions fish position was estimated within 1 m of the actual location, whereas during 

high flow conditions (which caused high turbidity) fish position could be assertained 

within 5 m. When I tracked live fish, each new location was marked with flagging tape 

and given a unique code. I also recorded the activity level of fish during each 

observation. Act ivi ty level could be estimated by pointing and holding the antenna in the 

direction of the fish and then recording the change in signal strength every three seconds 

for one minute (20 measurements). Large changes in signal strength were interpreted as 
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greater fish activity, whereas little or no change in signal strength meant less fish activity 

(Cook and Bergersen 1988, Clapp et al. 1990). To insure that large changes in signal 

strength corresponded with changes in fish activity, I implanted a transmitter into a dead 

fish, tied it to a stick, submerged it under water and recorded the change in signal strength 

as I held the fish stil l , twisted it in a side to side motion and moved it in a back and forth 

motion between 30 - 60 cm, imitating fish holding and feeding behaviours (see Appendix 

2). 

Table 2.3: Details of radiotagged fish used during the study. Cristy was implanted with a 
transmitter on Sept 9, 1998 but was not found within the study area until Oct 22, 1998 for 
unknown reasons. Cristy traveled between Avalon and Pipe Creeks and is treated 
independently for each stream (as 2 fish). The possible reasons why radiotracking 
stopped for each fish are: known predation, battery (death or faulty), flood ( l - in-40 year 
flood event), or unknown (flood, battery or predation). Asterisks indicate fish that were 
excluded from any analyses. 
Fish Stream Length 

(mm) 
Weight 

(g) 
% o f 
body wt 
by tag 

Start Stop Reason 

Helen* Avalon 169 72.67 2.4 Sept 9 Sept 9 predation 
Cristy Avalon/ 186 76.67 2.3 (Sept 9) Jan 20 battery 

Pipe Oct 22 
J im Avalon 165 52.72 3.3 Sept 9 Nov 10 flood 
Little 
B i l l y Ava lon 147 35.37 3.5 Oct 21 Dec 16 battery 
Darell Avalon 168 52.50 3.3 Oct 21 Dec 16 battery 
Sanjie Ava lon 191 84.06 2.1 Oct 21 Feb 25 battery 
Bernie Husdon 178 74.61 2.3 Sept 10 Jan 28 battery 
Glosh Husdon 162 60.60 2.9 Oct 21 Feb 25 battery 
Chester Husdon 172 56.43 2.7 Oct 30 Dec 16 battery 
Clark Husdon 142 37.00 3.4 Oct 30 Dec 16 battery 
Marina Husdon 142 39.35 3.2 Nov 12 Feb 4 battery 
Jake Husdon 159 48.09 3.6 Dec 9 A p r 2 battery 
Harry Husdon 193 91.03 1.9 Dec 11 A p r 15 battery 
Lujay Husdon 170 55.44 3.2 Jan 7 A p r 15 battery 
Pisces Pipe 171 56.64 3.1 Oct 22 Nov 12 flood 
L o u L o u Pipe 153 39.29 3.2 Oct 29 Dec 16 battery 
Chance* Pipe 1 7 5 - 60.29 2.9 Nov 12 Nov 12 flood/ 

unknown 
Prince Pipe 167 59.47 2.9 Dec 10 A p r 15 battery 
Calum* Pipe 172 60.01 2.9 Jan 22 Jan 22 unknown 
Mar io Pipe 263 - - Feb 25 A p r 15 battery 
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Once a radiotagged fish was located during an observation day, I recorded the type of 

channel unit, physical cover type, depth of the water and distance to the nearest bank for 

each fish's location. 

Data Analysis 

A l l data used in statistical analyses were first visually inspected for normality using 

box-plots. A n y variables found to be highly non-normal were transformed using either 

the natural or base 10 logarithmic transformation. I primarily used parametric 2-way 

analysis of variance ( A N O V A ) tests with season (fall, winter, and spring) and stream 

(Husdon, Ava lon and Pipe) as the two main factors. Other factors, such as fish size class 

and flood/non-flood periods, were included in the analyses when applicable. In some 

cases where sample size was low or data were not available, spring and/or Pipe Creek 

data were excluded from the analysis. In all analyses, each fish was considered as the unit 

of replication (n) within a treatment (stream, season, size class or flood/non-flood 

period). I averaged the individual observations per fish (both radiotagged and PIT tagged 

fish) to obtain one value per fish and these were then used to calculate the factor mean 

and standard error. A l l tests, unless otherwise noted, were considered significant to an 

a = 0.05 which is commonly used as the level at which to reject the null hypothesis. For 

most tests, a power value (P) was included along with the calculated test statistic and 

associated P - value. Power, is the probability that the null hypothesis was rejected when 

it in fact it should have been rejected. Power can be used to infer the biological 

significance of a test when statistical significance is not present (P > 0.05; Thomas and 

Juanes 1996). I considered a power level of ^ 0.80 to represent a reliable test (Thomas 

and Juanes 1996). 

Stream Habitat Surveys 

I used descriptive statistics to summarize the abiotic "treatment" conditions within the 

three study streams. Individual channel units were assigned to ten types, ranging from a 

dry channel unit (containing no water - Code 0), to slow flowing channel units (Codes 1 

- 4), to fast flowing channel units (Codes 5 - 8), to a braid or secondary water channel 
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within the main stream banks (Code 9; Table 2.4). Means and/or percentages per channel 

unit were calculated for each habitat variable studied during the monthly habitat surveys 

(see Methods: Monthly Sampling). 

Fish Trapping and PIT Tagging 

Population abundance (± 95% confidence limits) and survival estimates were 

calculated for each site using the Jolly-Seber method (see Krebs 1989). Site density 

(fish/m 2) was calculated as the abundance divided by the area of the site. Based on 

length-frequency distributions of all PIT tagged fish, I lumped the fish into three main 

size classes that were comparable among streams (Figure 2.5) and easily interpretable. I 

considered a fish to have moved i f it was caught in a trap different from that of a previous 

trapping session. Movements downstream from the previous trap location were 

considered negative distances and upstream movements were positive distances. 

Movement rate was defined as the distance in meters between the two traps (including the 

direction), divided by the number of days between trapping sessions. These between trap 

movements are highly conservative (compared to radiotelemetry measurements) as they 

actually represent a change in location over a 14 day time span, rather than a constant 

daily movement rate. Many movements made by the PIT tagged fish went undetected, 

however I felt that the time between trapping sessions was long enough to allow fish to 

return to normal behaviour (after the intrusion of trapping), but short enough to detect 

short-term movements made by these fish. Movement rate was averaged per fish per 

season and tested among the seasons and streams using A N O V A . T o test for differences 

in short-term movement rate, I compared the movement rate during non-flood periods to 

flood periods. Movement rate during non-flood periods was calculated as the average 

movement rate of individual fish between trapping sessions before, after or between flood 

events. Movement rate during a flood was the movement between the trapping session 

immediately before a flood to immediately after a flood. 

Movement pattern of each individual fish is the net distance and direction of 

movement over time relative to the "initial capture location". "Initial capture location" is 

the location within the stream in which a fish was first captured (trapped) (considered 
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metre "0"). Movements upstream from the initial capture location were positive values 

and movements downstream were negative values. The last location in which each fish 

was recaptured was referred to as the "final recapture location". To test i f fish were 

moving randomly within the streams I created three computer generated populations (one 

per actual population) that had the same trapping pressure and movement rate as each of 

the actual populations, however the computer generated populations were able to move 

randomly. Each computer generated population consisted of 700 fish that could either 

move 0 m or move upstream or downstream the same average distance between the 19 

trapping sessions as the real fish did in each of the three study streams (36.8 m, 10.4 m, 

11.2 m for Avalon, Husdon and Pipe Creeks respectively). I compared the distribution of 

the final recapture location of the computer generated population to that of its respective 

real population using the Kolmogorov-Smirnov test. 

Table 2.4: Average depth and flow rate (± SE , n) of channel units types (code) used in 
analyses. Average depth and flow rate (m/s) were estimated from individual channel units 
measured during the trapping sessions. One measurement was taken per channel unit per 
trapping session. Some channel units were missed during any one trapping session 
because of lack of time or dangerous water conditions. Negative flows occur when there 
are eddies or circular flows caused from obstructions in the water. Coefficient of 
variation ( C V ) is calculated for the mean flow rate and shows the relative fluctuation in 
mean flow rate among the channel unit types (eg. side pool flow rate varies four times as 
much as in glides). 
Channel Unit Type Code Mean Depth (cm) R o w Rate (m/s) C V 
Dry 
Slow 

0 

Backwater/isolated 
pool 1 37.96 ± 1 . 6 6 , 77 -0.013 ± 0.008, 69 -5.297 

Side pool 2 34.09 ± 0 . 8 0 , 3 5 2 0.009 ± 0.002, 285 4.056 
Pool 3 34.10 ± 0 . 7 1 , 3 9 8 0.019 ± 0.002,333 1.803 
Plunge 

pool/cascade pool 4 41.18 ± 1.54, 198 0.022 ± 0.008, 175 4.828 
Fast 
Glide 5 31.12 ± 0 . 6 4 , 4 1 3 0.088 ± 0.005, 354 1.048 
Run 6 27.85 ± 0.54, 515 0.112 ± 0.006, 477 1.062 
Riffle 7 22.21 ± 0.60, 260 0.086 ± 0.009, 182 1.461 
Cascade 8 27.52 ± 0.79, 136 0.038 ± 0.008, 107 2.284 
Side channel 9 25.33 ± 1.50, 136 0.025 ± 0 . 0 1 3 , 27 2.802 
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Figure 2.5: Histograms for size distribution of cutthroat trout from the streams. Three size 
classes that are present in all three streams were chosen: 65 - 99 mm; 100 - 119 mm and; > 
120 mm. There is a fourth size class, < 65 mm, that does not show up in these data but were 
captured throughout the study. 
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Radiotelemetry 

Most fish were observed during two seasons, therefore their observations were split 

into fall and winter and the particular fish was considered as two different individual fish 

for between season comparisons (this explains why some tests have n values that are 

greater than the actual number of fish that were implanted with a transmitter). 

I calculated movement of radiotagged fish using two methods: net within-day 

movement and among day movement rate. Net within-day movement was the distance 

gained or lost within an observation day. Net within-day movement during the three 

different time periods of the day were compared using A N O V A with seasons, streams 

and time of day (morning, afternoon and night) as the factors. Among day movement or 

movement rate was the distance moved from the last relocation of an observation day to 

the first relocation of the next observation day divided by the number of days between the 

observations. Differences in movement rate were assessed using A N O V A with streams 

and seasons as the factors. 

T o estimate home range size I modified the "center of activity" equation from Hayne 

(1949): N = r * 2 * J t * w / d 2 , where N is the average number of sites a fish was 

relocated, r is the distance between the most frequently used relocation site to other 

relocation sites (+ 0.1 m), w is the width of the stream and d is the distance between 

possible relocation sites. I chose d to equal 5 m, a distance of stream in which I could 

have possibly located a fish. A n example of the calculation of home range is shown in 

Appendix 3 or see Hayne (1949). I calculated home range for 100% and 95% of the 

relocations. Calculating home range of the innermost 95% of relocations is a commonly 

used method as it eliminates possible outliner points such as one time excursions 

(Snedden et al. 1999). Estimation of home range was limited to fish that had greater than 

20 individual observations (Snedden et al. 1999). I used a paired t-test to determine i f 

there was a difference between the 95% and 100% home range estimates of fish in 

Husdon Creek and another test for Avalon and Pipe Creeks to see i f fish were moving 

outside of their home range. I pooled Avalon and Pipe Creeks to increase the sample size. 

I calculated, for each fish separately, home ranges for fall and winter seasons. I used 
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A N O V A to contrast home range size between seasons and streams. If there were < 20 

observations per fish for a season, it was eliminated from the analysis. 

Movement rate during non-flood and flood periods was compared using A N O V A 

with stream and timing of flood as the factors. 

Growth Rate 

Individual sizes and growth rates were only determined for recaptured PIT tagged fish 

because the radiotagged fish were typically not recaptured. To get a snapshot of fish size 

per season and to compare fish size among streams and seasons I conducted a two-factor 

analysis of covariance ( A N C O V A ) on average weight (log transformed) with length as 

the covariate, streams and seasons as the factors and all fish caught in minnow traps as 

the replicates (including non-PIT tagged fish, but excluding radiotagged fish). I employed 

two criteria to the data to eliminate the chance of multiple measurements of a fish within 

a season, as some PIT tagged and non-PIT tagged fish were caught more than once per 

season. For PIT tagged fish that were caught more than once within a season I averaged 

the size (length and weight) of the fish for that season and included this average in the 

analysis. I excluded all recaptured non-PIT tagged fish from the analysis since I did not 

know what the size of the fish was the first time it was captured as they were not 

individually marked. 

Growth rate was calculated by two methods. The first method calculated growth rate 

as the change in length (mm) or weight (g) from one recapture to the next divided by the 

number of days between the recaptures (mm/day). In an attempt to correct for initial size 

within each season, I also calculated growth rate relative to initial size (%/day): ((S t + 1 -

So I S,) * 100% / (day t + 1 - day,), where S, + 1 is the size (either length or weight) of the fish 

at recapture, S, is the size from the previous capture, day t + 1 is the day of the recapture and 

day, is the day of the previous capture. Total and seasonal average growth rates for both 

methods were calculated for each fish and these were then used to compare average 

growth rate among seasons and streams using an A N O V A . 

Correlations between either length and length growth rate, weight and length growth 

rate, length and weight growth rate or weight and weight growth rate were performed to 
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check i f different sized fish grew at different rates among the streams and seasons. A s 

wel l , correlations were performed between fish length, weight, growth rate (length and 

weight) and movement rate for each season within each stream. I used the sequential 

Bonferroni technique to correct a for multiple comparisons (Avalon Creek fall, winter, 

spring, Husdon Creek fall, winter, spring, and Pipe Creek fall and winter). 

Coefficient of variation (CV) was calculated and then In transformed for each set of 

activity level measurements (receiver readings) taken during an observation of a 

radiotagged fish. To estimate activity at different times of day during each season, 

individual observations per fish were pooled within a stream and A N O V A test was 

performed with stream, season and time of day as the three factors. The In of the 

coefficient of variation was done for the single test fish and A N O V A was used to test i f 

there were any differences in activity level among the three movement patterns. 

Habitat Association 

Association with channel units, physical cover structures and substrate were 

estimated using the "habitat availability equation" outlined in Matthews (1996): D = (r-p) 

/ ((r+p) - 2 * r * p), where r is the proportion of the habitat characteristic used by the fish 

(estimated from direct fish observations), p is the proportion of the habitat characteristic 

available to the fish (estimated from habitat survey data), and D is the habitat association 

value. Habitat association ranges from -1.0 to 1.0, where -1.0 to -0.26 shows strong 

disassociation; -0.25 to 0.25 shows no association; 0.26 to 0.49 shows moderate 

association; and 0.50 to 1.0 shows strong association. 

Habitat association with channel unit type, physical cover type and substrate type was 

calculated for PIT tagged individuals for each month, each season and averaged among 

months for an overall association value. For radiotagged fish I calculated habitat 

association values for combined channel unit and physical cover type for each stream and 

season pooled. 
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Results 

Stream Conditions 

I made several predictions before starting the study and these were based on the 

assumption that during the fall, discharge would be stable and water level low, while the 

opposite conditions would exist during the winter (Figure 2.2). I found that my 

assumption for fall conditions better explained winter conditions and vise versa (Table 

2.5). The hydrograph of each stream is shown in Figure 2.6. Average water depth was not 

different between fall and winter (streams combined: F005f2)1232 = 2.182; P= 0.1410; p = 

0.30), but it was different among the streams (seasons combined: F005(2)2232 - 28.838; P < 

0.0001; p = 1.00). There was an interaction between season and stream (F005(2)2232 = 

4.138; P = 0.0172; p = 0.73) because Avalon Creek had higher average water depth 

during the fall than the winter, whereas in the other two streams, average water depth was 

highest during the winter. Avalon Creek had the highest water level among the streams 

for both fall and winter. A s well , on average it rained more often at Avalon and Pipe 

Creeks (24 ml/24 hrs) compared to Husdon Creek (9 ml/24 hrs). 

Table 2.5: Mean recorded water depth (± SE , n) at the stationary metre stick. The 
fluctuation in water depth (coefficient of variation = C V ) and calculated discharge for the 
three streams for fall and winter are also shown. A review of the assumed water condition 
from before the study started and the actual outcome are included (see Figure 2 and 23 
for details). 

Fal l Winter 
Depth 
(m) 

C V Discharge 
(m3/sec) 

Depth 
(m) 

C V Discharge 
(m3/sec) 

Ava lon 0.35 ± 
0.03,32 

58.19 2.100 0.31 ± 
0.02,48 

29.59 0.747 

Husdon 0.22 ± 
0.01,37 

19.84 0.082 0.27 ± 
0.01, 54 

12.57 0.177 

Pipe 0 . 1 4 ± 
0.02, 13 

46.46 0.000 0.21 ± 
0.01, 54 

14.18 0.051 

Assumption 
Actual 

low 
low/high 

stable 
variable 

low 
low/high 

high 
...high 

variable 
stable 

high 
high 
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Fluctuations in water level (stable versus variable) were opposite to my predicted 

pattern (Table 2.5). During the fall, water level fluctuated more than during the winter. 

Avalon Creek had the greatest fluctuation in water depth for both seasons, whereas 

Husdon Creek had the lowest and Pipe Creek was intermediate. 

A flood event occurs when water level increases over a short period of time (ie. 

hours, minutes) above average water depth (Heggenes 1988; Pearson et al. 1992) and 

usually coincides with heavy rain fall or rapid snow melt. I characterized a flood event 

within the three study streams as a period when the water depth rose (or fell, as some 

increases in water depth were missed) by at least 10 cm per day (Figure 2.7). Husdon 

Creek experienced at least three high water events (4, 6, 9 ; Figure 2.7): the first in late 

November, the second in mid-January, and the third at the beginning of March. The water 

depth in Husdon Creek never rose above 45 cm in height at the metre stick. A t flooding 

the water would gently breach the stream banks and flood the floodplain. Ava lon Creek 

on the other hand experienced at least four major floods ( 1 , 3 , 6 , 7 ; Figure 2.7) and 

several minor flood events (2, 5, 8, 10; Figure 2.7). The flood in mid-November (3; 

Figure 2.7) was recorded as being a l-in-40 year flood event for the Sunshine Coast 

(Grant M c B a i n , Department of Fisheries and Oceans, Sunshine Coast, B . C . , P .O. B o x 10, 

Madera Park, B . C . , V O N 2H0, personal communication). The steep, deforested 

headwaters section made Avalon Creek vulnerable to debris flows causing the stream to 

be highly unstable. During the l-in-40 year flood event, and to a lesser degree during the 

mid-October flood (1; Figure 2.7), L W D and course substrate were transported 

downstream from the upper reach and headwater section and partially rerouted the stream 

channel in the lower reach, including the study site. A s evidence of the instability in 

Avalon Creek, 9 of the 16 pieces of marked L W D were displaced out of the study site 

into the far downstream section or into the estuary during the l-in-40 year flood event 

(Figure 2.8), and many new pieces entered the study site from upstream over the course 

of the study (Figure 2.3). Overall, all but one of the marked L W D pieces were displaced 

at least half a metre downstream by the end of winter (Figure 2.8). Of the seven pieces 

which were not lost during the study, four were classified as "dry" meaning that they 

were located within the stream banks but out of the water, and three were straddled across 
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Figure 2.6: Hydrographs of each stream over the course of the study. The dotted lines 
represent suggested water depth at the time of the l-in-40 year flood event which occurred on 
November 14 - 16, 1998 (days 318 - 320). 
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Figure 2.8: Displacement of selected pieces of L W D within Avalon and Husdon Creeks. Each 
stream had 16 pieces of L W D individually marked at the beginning of the study. Each piece 
of L W D is represented by a line and a number. Meter 0 represents the downstream end of 
study site. The line indicates the location of the L W D over the course of the study. Nine of 
the 16 pieces were lost from Avalon Creek at the time of the l-in-40 year flood event in 
Avalon Creek (*). See Appendix 1 for details of each L W D . 
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the stream channel suspended over the water (see Appendix 4). A s wel l , nine of the 

fifteen pieces that moved in Avalon Creek were oriented nearly perpendicular to the flow 

of water, while the other six pieces were nearly parallel to the flow of water. In Husdon 

Creek, only two pieces of L W D , number 6 and 16, were moved downstream (Figure 2.8). 

The total movement of the Husdon Creek pieces totaled 8.4 m, while in Avalon Creek the 

totaled distance was over 1000 m (see Appendix 4). The l-in-40 year flood event also 

partially rerouted the water course in Pipe Creek. This flood was the most severe high 

water event that occurred in Pipe Creek, even though it did not show as a flood event in 

Figure 2.7 (due to missing data). Pipe Creek also flooded during mid-January and 

February (6, 8 respectively; Figure 2.7). 

The three streams experienced similar changes in channel unit size and depth over 

time (fall, winter and summer; Table 2.6). The bankfull width, depth, length, and area per 

channel unit plus the total area of the study site increased from fall to winter (increasing 

water level) and decreased from winter to summer (decreasing water level; Table 2.6). 

Avalon Creek had the widest bankfull width and largest area per channel unit of the three 

streams. Bankfull width remained wide from winter to summer in Avalon Creek because 

the stream banks had eroded approximately three meters, primarily during the l-in-40 

year flood event in November of 1998. Because the stream banks eroded during this 

flood, several deciduous trees were uprooted and fell across the stream, providing new 

habitat and widening the stream (Figure 2.3). 

Area, percent physical cover and substrate per channel unit for each month is 

summarized in Figure 2.9. The total area of fast water channel unit types (glides, runs, 

riffles, and cascades) increased relative to slow water channel unit types (isolated, 

backwater, side, and plunge pools) from fall to winter as water levels rose (Figure 2.9). 

During the winter months, over 89% of the total area within Avalon Creek was riffle and 

cascade habitat. During the same time period, less than 65% of the total area within 

Husdon Creek was glide and run habitat, with less than 20% riffle or cascade habitat. 
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Table 2.6: Summary of average channel unit dimensions (± SE, n) within the three 
streams for the fall and winter of 1998 and the summer of 1999. A l l values are means per 
channel unit, while total area is the mean per habitat surveys. 

Fall Winter Summer 
Avalon 

Bankfull Width (m) 12.26 ± 0.52,91 14.72 ± 0.63, 65 15.72 ± 1.17,5 
Average Depth (m) 0.22 ± 0.02,85 0.28 ± 0.02,67 0.23 ± 0.02,5 
Length (m) 
Area (m2) 

11.60 ± 1.03,90 11.30± 1.32,69 7.32 ± 3.46,5 Length (m) 
Area (m2) 42.42 ± 5.12,85 55.59 ± 8.21,69 22.43 ± 12.84, 5 
Total Area (m2) 1281.86 ±29.95, 2 1278.57 ± 103.08, 3 

Husdon 
Bankfull Width (m) 3.58 ±0.13, 151 5.20 ± 0.22, 110 3.39 ±0.19, 13 
Average Depth (m) 0.18 ±0 .01 , 146 0.33 ± 0.01, 109 0.12 ±0.02, 13 
Length (m) 
Area (m2) 

4.42 ± 0.24, 148 6.12± 0.47, 111 3.50 ± 0.42, 13 Length (m) 
Area (m2) 9.86 ± 0.60, 148 17.22 ± 1.61, 111 6.92 ± 1.01, 13 
Total Area (m2) 453.26 ± 2.54, 2 637.06 ± 16.56, 3 

Pipe 
Bankfull Width (m) 5.14 ±0.16, 18 5.45 ±0 .21 ,47 3.91 ± 0 . 1 3 , 4 
Average Depth (m) 0.15 ±0.02, 18 0.19 ± 0.01, 47 0.15 ±0.02, 4 
Length (m) 
Area (m2) 

4.95 ± 1.37, 18 6.76 ± 0.64,47 7.28 ± 3.35,4 Length (m) 
Area (m2) 11.59 ±4.70, 18 18.25 ± 2.25, 47 15.00 ±7.15, 4 
Total Area (m2) 208.66, 1 286.56 ±7.56, 3 

The percent structural cover (LWD, root-wads etc.) per channel unit within each 

stream did not change drastically over the course of the study (Figure 2.9). During all 

months, Husdon Creek had the highest percentage of LWD, and undercut bank cover of 

all three streams. The percentage of root-wad cover was highest in Avalon Creek 

throughout the study. Percent vegetative cover was higher in Avalon and Pipe Creeks 

during early fall, however it switched during late fall (November, December) and winter 

as leaves fell from the shrubs lining the stream banks. There was virtually no boulder 

cover in Husdon Creek, while boulders covered an average of 20% of channel units in 

Avalon and Pipe Creeks. The percentage of the channel unit that was left open, or free of 

physical cover was approximately equal among the streams (Pipe Creek was slightly 

higher) and among the months. 
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Figure 2.9: Summary of habitat survey data. Column A is the total area (m 2) of each channel 
unit type within each stream. The numbers on the X-axis indicate different channel unit types 
(see Table 5 for legend). Column B is percent in-stream physical cover per channel unit as 
undercut bank, U ; R: rootwad; L W D , L ; S W D , S; vegetation, V ; boulder, B ; open (no cover), 
O. Column C is percent substrate class per channel unit as silt, T ; organic matter, O; sand, S; 
small gravel, g; large gravel, G ; cobble, C ; boulder, B . Column D is water depth (cm) over 
time (days). The asterick in November represents the timing of the l- in-40 year flood event 
(days 318-320). The dark horizontal bars along the X-axis ( • ) represent the days in which the 
habitat surveys were done in each month. 
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Husdon Creek was dominated by finer substrates (sand and gravel) than the other two 

streams, and Ava lon and Pipe Creeks were dominated by relatively coarse substrate 

(cobble and boulder; Figure 2.9). A s water level increased the percentage of silt and 

organic material decreased within the streams (eg. September verses October in Ava lon 

Creek). Sand substrate remained a dominate substrate within Husdon Creek each month. 

Canopy cover and riparian area characteristics are summarized in Table 2.7. In 

general, Husdon Creek had the highest number of softwood trees, and greatest percentage 

of canopy cover and non-woody (fern) plants compared to the other streams. 

Table 2.7: Riparian area characteristics of the three streams. Presented are the number of 
hardwood (bigleaf maple, red alder) and softwood (western redcedar, western hemlock, 
Douglas fir) trees present within the study site, mean percent (± S E , n) per channel unit of 
woody plants (eg. shrubs) and non-woody plants (eg. ferns, grasses) located within the 
riparian area for fall and winter, and mean percent (± SE , n) per channel unit canopy 
cover per channel unit for fall and winter. 

Avalon Husdon 
# Hardwoods 91 57 74 
# Softwoods 38 50 1 

Fall 
% Woody Plants 44.01 ± 3 . 5 3 , 9 0 7.86 ± 0.96, 126 67.22 ± 3 . 0 6 , 18 
% Non-Woody Plants 16.53 ± 2.44, 90 22.89 ± 1.76, 126 11.39 ± 1.50, 18 
% Canopy Cover 39.39 ± 3.29, 91 74.69 ± 5.49, 127 78.33 ± 2.06, 18 

Winter 
% Woody Plants 43.87 ± 4 . 1 5 , 5 5 4.57 ± 0.58, 102 55.11 ± 2.84, 47 
% Non-Woody Plants 8.36 ± 1.21,55 27.34 ± 2.43, 102 7.36 ± 0.80, 47 
% Canopy Cover 19.45 ± 3.07, 67 41.82 ± 2 . 9 , 109 21.23 ± 1.15,47 

Number of Cutthroat Trout Sampled 

A total of 864 fish were caught in minnow traps between August 1998 and August 

1999. O f the 864 fish caught, 510 were implanted with PIT tags, of which 273 (53.5%) 

were recaptured at least once (Table 2.8). For radiotelemetry measurements, 18 fish were 

implanted with transmitters and repeatedly relocated during the eight month study (Table 

2.3): 8 from Husdon Creek, 5 from Avalon Creek, and 5 from Pipe Creek. One fish, 

Cristy, moved between Avalon and Pipe Creeks, and was counted independently for each 

stream. A total of 1124 observations were made on radiotagged fish, 742 during the fall 

and 382 during the winter. 
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Table 2.8: Breakdown of the total number of fish implanted (tagged) with PIT tags and 
the total number recaptured at least once during the study (% of total tagged shown in 
brackets). The total number of fish recaptured at least once is broken down into three 
categories, recaptured once, recaptured twice and recaptured > 3 times during the study 
(% of total recaptured shown in brackets). Additional recaptures represents the number 
(% of total recaptured shown in brackets) of fish that were recaptured in the upstream or 
downstream "additional" traps. 

Stream Total Total Recaptured Recaptured Recaptured Additional 
Tagged Recaptured Once Twice > Three Recaptures 

Times Upstream / 
Downstream 

Avalon 110 57 (51.8) 32 (56.1) 14 (24.6) 11 (19.3) 0 (0.0) / 4 (7.0) 
Husdon 311 182 (58.5) 78 (42.9) 51 (28.0) 53 (28.3) 2 (1 .1) /3 (1.6) 
Pipe 89 39 (43.8) 19 (48.7) 11 (28.2) 9 (23.0) 2 ( 5 . 1 ) / 1 (2.6) 
Total 510 273 (53.5) 129 (47.3) 76 (27.8) 73 (26.7) 4 (1.5) / 8 (2.9) 

Hypothesis 1: Seasonal and Short-term Movement Rate 

The first prediction was only partially met. Movement rate was different for PIT 

tagged fish (Figure 2.10a), but not radiotagged fish (Figure 2.10b). There was a 

significant interaction between season and stream for average movement rate (F005(2)4286 

= 4.967; P = 0.0007; p* = 0.97) of PIT tagged fish resulting from the large negative 

movement rate during the fall in Avalon Creek compared to Husdon and Pipe Creeks 

(Figure 2.10a). Fish in Husdon Creek moved relatively little (< 0.11 m/day) during any 

season. There was no difference in movement rate among seasons, however movement 

rate during the winter (<, 0.088 m/day) was relatively less compared to the fall (<, 0.78 

m/day) and spring (:S 0.330 m/day) in all streams. There was an interaction for movement 

rate among seasons, streams and size classes of PIT tagged fish (Table 2.9; Figure 2.11). 

A s well , there were no differences in net within-day movement among the different time 

periods of the day for radiotagged fish. 

Movement patterns over time (from their initial capture locations = 0 m) of 

recaptured PIT tagged fish and radiotagged fish from the three streams are shown in 

Figures 2.12 and 2.13 respectively. Two patterns emerge, both PIT tagged and 

radiotagged fish seemed to remain within the same area for extended periods of time, 

and/or many fish from all three streams made long distance movements, either upstream 
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or downstream. Unlike radiotagged fish in Husdon Creek, radiotagged fish in Avalon and 

Pipe Creeks made return trips after their long distance movements. As well, long distance 

movements in Avalon Creek and somewhat in Pipe Creek occurred simultaneously 

(during the l-in-40 year flood event), while long distance movements in Husdon Creek 

were scattered through time (Figure 2.13). Bernie from Husdon Creek, was the only fish 

observed to make a continuous, gradual migration upstream. Cristy was the only 

radiotagged fish to travel between Avalon and Pipe Creeks (Figure 2.13). There were five 

PIT tagged fish that moved between Avalon to Pipe, three during the fall and two during 

the winter (Avalon to Pipe), and one in the spring and the one in the summer (Pipe to 

Avalon). 

Table 2.9: Analysis of variance table for movement rate (m/day) among seasons (fall, 
winter, spring), streams (Husdon and Avalon) and size classes (65 - 99 mm, 100 - 119 
mm, > 120 mm) of PIT tagged fish. 
Factors DF Sum of 

Squares 
Mean 
Square 

F-value P-value R - value 

Stream 1 3.040 3.040 4.759 0.0301 0.58 
Season 2 11.405 5.702 8.927 0.0002 0.98 
Size Class 2 1.028 0.514 0.805 0.4484 0.18 
Stream x 

Season 2 11.209 5.605 8.773 0.0002 0.98 
Stream x 

Size Class 2 0.957 0.478 0.749 0.4741 0.17 
Season x 

Size Class 4 9.169 2.292 3.588 0.0073 0.88 
Stream x 

Season x 
Size Class 4 10.617 2.654 4.155 0.0029 0.93 

Residual 235 150.122 0.639 

In general I observed very little within-day change in location for radiotagged fish. 

Greater than 90% of the net within-day movements were within 5 m of the first relocation 

for that day (Table 2.10). There was only one observation > 30 m (Table 2.10). Many PIT 

tagged fish remained within 25 m of their initial capture location (Figure 2.14). 

Movement of PIT tagged fish within each stream was not random since the frequency 
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downstream direction. 
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Figure 2.12: Movement patterns of PIT tagged fish from the three streams. Metre "0" 
represents the initial capture location. A l l movement distances are relative to that location. 
Positive distance moved is upstream and negative distance moved is downstream. The arrows 
indicate the timing of the l-in-40 year flood that occurred in Avalon and Pipe Creeks in 
November 1998 (days 318-320). 

62 



1 Husdon 

—•— Bernie —0~ Chester 
-200 -

• -m- Clark - • - Glosh 
-300 - _o— Harry - * — Jake 
-400 " —"— Lujay —°— Marina » » • t • m m 

500 i 1 1 ' 1 1 • — ' 1 1 « > 1 1 1 — ' 1 « > ' 1 • • ' 1 

240 280 320 360 400 440 480 

360 400 

Time (days) 

Figure 2.13: Movement patterns of radiotagged fish from the three streams. Each fish is 
identified by a unique symbol. Metre "0" represents the initial capture location. A l l 
movement distances are relative to that location. Positive distance moved is upstream and 
negative distance moved is downstream. The arrows indicate the timing of the l- in-40 year 
flood that occurred in Avalon and Pipe Creeks in November 1998 (days 318-320). 
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distribution of the final locations between the random populations and the real 

populations were different (Figure 2.14). More fish were found downstream of their 

initial capture location than upstream in Avalon Creek (32 and 24 respectively). The 

opposite was true in both Husdon and Pipe Creeks where the final recapture location of 

more fish was upstream rather than downstream (121 and 61; 27 and 11 respectively). 

One hundred percent and 95% home range size of all radiotagged fish, except Jake 

(Husdon Creek) and Pisces (Pipe Creek) are shown in Figure 2.15. Home range size was 

larger using the 100% estimate compared to the 95% estimate for the Husdon Creek test 

(10.05(2).? = -2.791; P = 0.0269) and the Avalon/Pipe Creek test (t005(2)7 = -4.082; P = 

0.0047). Average home range size was larger in Pipe Creek compared to the other two 

streams (Table 2.11). There was no significant difference in home range size between 

seasons (fall and winter). 

Table 2.10: Number of within day observations per distance class pooled within streams 
(253 observations). Distance refers to the distance gained (positive) or lost (negative) 
relative to the first relocation within a day of observation on a radiotagged fish. 
Observations are totaled within streams and within distance classes. 

Distance (m) Fall Winter Total 

Avalon Husdon Pipe Avalon Husdon Pipe 

>-30 0 0 0 1 0 0 1 

30 to-5 0 5 0 0 1 0 6 

-5 to 5 38 77 20 11 61 34 241 

5 to 30 1 1 0 1 1 0 4 

> 3 0 0 0 0 0 0 0 0 

Total 39 83 20 13 64 34 253 
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Figure 2.15: Home range length using 95% and 100% estimation methods for most radiotagged fish. 
Two fish were excluded, the first because insufficient data was available to calculate home range (Pisces, 
Pipe Creek), and the second because the entire home range was outside the study site (Jake, Husdon 
Creek). Some home ranges extend outside the boundaries of the study sites and are not shown in entirety 
on this diagram. See Table 2.3 for the time period in which each fish was radiotracked. 
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Table 2.1 T. Mean home range size in meters (± SE) for the 95% and 100% estimation 
methods. Home range is calculated for each season (fall and winter), and pooled across 
seasons to include the whole study (total). Some fish had mean home range size 
calculated for both seasons as well as in the total (Avalon and Husdon Creeks) or for 
neither season but in the total (Pipe Creek) thereby explaining why fall and winter "n -
values" do not equal the total number of fish included in the total. 
Stream Season 95% 100% 

n Home Range (m) n Home Range (m) 
Avalon Fal l 4 5.00 ± 1.35 4 34.20 ± 12.99 

Winter 1 32.80 1 46.00 
Total 4 12.20 ± 6.99 4 40.00 ± 12.58 

Husdon Fal l 4 23.03 ± 13.24 4 33.35 ± 16.12 
Winter 4 10.35 ± 2.71 4 16.58 ± 4.79 
Total 7 31.34 ± 18.30 7 47.30 ± 18.19 

Pipe Fal l 1 40.70 1 118.70 
Winter 2 35.25 ± 29.95 2 86.75 ± 55.45 
Total 4 50.13 4 , 105.43 ± 2 5 . 7 1 

R o o d Events 

There was no difference in movement rate of cutthroat trout between flood and non-

flood periods (excluding the l-in-40 year flood event) in all streams for PIT tagged fish 

(streams combined: F005f2)iU49 = 2.734; P = 0.100; |3 = 0.36; Figure 2.16a), and 

radiotagged fish (streams combined: F005(2) 1 2 5 = 0.043; P = 0.8368; p = 0.10; Figure 

2.16b). A separate analysis comparing the movement rate during the l-in-40 year flood 

event and non-flood periods for PIT tagged fish in Avalon and Pipe Creeks only, showed 

an interaction between the two factors (F005(2)133 = 44.576; P < 0.0001; (3 = 1.00; Figure 

2.17). There was no statistical relationship between movement rate and the l-in-40 year 

flood event for radiotagged fish (t005(2h4 = -8.729; P = 0.2969), however the actual 

observed individual movements present interesting findings. From Figures 2.12 and 2.13, 

there seems to be a link between the timing of the l-in-40 year flood event and the 

downstream movement of 6 of 7 radiotagged fish and many PIT tagged fish from Avalon 

and Pipe Creeks. The PIT tagged fish that moved downstream during the flood did not 

return upstream after the flood. Alternatively, four radiotagged fish, Little B i l l y , Darell 

and Cristy from Avalon Creek and Lou Lou from Pipe Creek, moved between 5 0 - 1 0 0 
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m downstream during the flood and returned back to the location where they were found 

before the flood occurred (Little B i l l y and Darell), exceeded this distance by over 20 m 

(Lou Lou), or entered a different stream (Cristy moved into Pipe Creek). T w o fish, J im 

from Ava lon Creek and Pisces from Pipe Creek were completely lost during the l-in-40 

year flood event. T w o days before the flood occurred both fish were successfully located 

and the day after the flood, neither of these fish were found. I assumed these two fish 

were either in estuary, where they would be virtually impossible to relocate using the 

radio receiver, or buried under cobbles and boulders that moved during the flood. Only 

one fish Sanjie (Avalon Creek) remained within the same location (plunge pool) during 

and after the flood. Cristy, who moved into Pipe Creek during the flood and remained 

there for several weeks made other between stream movements. On one occasion (day 

378), Cristy moved downstream in Pipe Creek to the confluence with Avalon Creek, then 

moved 60 m upstream in Avalon Creek at which point the water depth rose to flood 

levels (flood event 6, Figure 2.7) and Cristy returned downstream and reentered Pipe 

Creek, which was also in flood, but at a lower discharge (Figure 2.12 and Figure 2.13). 

Movement rate was variable among size classes between flood and non-flood periods 

in the three streams. N o statistical analysis could be done on these data due to low sample 

sizes. However, all size classes in Avalon Creek seemed to have a downstream 

movement rate (negative) during flooding periods (excluding the l-in-40 year flood 

event), while no distinct pattern could be detected in the other two streams (Figure 2.18). 

During the l-in-40 year flood event, movement rate was downstream regardless of fish 

size. 

Hypothesis 2: Growth Rate 

The second prediction that growth rate would be equal during the low flow conditions 

and different during high flow conditions was only partly met. Growth rate (in length) 

differed among streams (seasons combined: F005(2U279 = 4.732; P = 0.0095; p = 0.79) and 

seasons (streams combined: F005(2U279 = 19.705; P < 0.0001; p = 1.00; Figure 2.19). 

There was no interaction between the two factors {F005(2)4279 = 1.163; P = 0.3273; p = 

0.36). Growth rate was greater in Pipe Creek than in Husdon Creek (Pearson's Least 
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Squared Difference (PLSD) P = 0.0065), but not Avalon Creek ( P L S D P = 0.2829), 

which is not what was predicted (Figure 2.2). There was also a difference in growth rate 

i n weight among the seasons (streams combined: F005(2)2273 - 9.160; P = 0.0001; 

P = 0.99) but not streams (seasons combined: F 0 M ( 2 U 2 7 3 = 1.085; P = 0.3392; p = 0.23) or 

an interaction between the two factors (F005(2jA273 = 1.169; P = 0.3246; p = 0.36). Growth 

rate in both length and weight was greater in the spring than in the winter or fall with fall 

having the lowest growth rate of all in all three streams (Figure 2.19). 

The results for growth rate using the second method (%/day) were similar to the first 

method as percent growth rate in length was greatest during the spring, least during the 

fall and intermediate during the winter (streams combined: F005(2)2239 = 9.275; P = 

0.0001; p = 0.99). Percent growth rate in weight was greater in the spring (streams 

combined: F00S(2)Z228 = 3.821; P = 0.0233; p = 0.69). There were no differences among 

streams for length (seasons combined: F005(2)2239 = 1.620; P = 0.2001; p = 0.33) or weight 

percent growth rate (seasons combined: F005(2)2228 = 1.023; P = 0.3611; p = 0.22). 

There was no correlation between fish size (length or weight) and average movement 

rate for any of the streams in fall or winter. Husdon Creek displayed a significant 

negative correlation between average movement rate and length growth rate during the 

fall (ta 

o5(2),9o = -4.348; P < 0.0001; correlation - 0.435). There was no correlation in 

Ava lon or Pipe Creeks in either season for length or weight growth rates with average 

movement rate. 

The size of fish caught in minnow traps was different among the streams (seasons 

combined: F005(2)Z1016 = 6.118; P = 0.0023; p = 0.92) and seasons (streams combined: 

F0Q5(2)jJ0](~ 13.655; P < 0.0001; p = 1.00; Figure 2.20) with interactions between 

seasons and streams, streams and length, seasons and length and streams, seasons and 

length (Table 2.12). Fish in Avalon Creek were larger during all seasons except for 

summer when Husdon Creek fish were larger and fish from Pipe Creek were smallest 

during all seasons (Figure 2.20). In general, weight of fish increased in all streams from 

fall to spring, but then decreased again in summer (Figure 2.20). 

During the winter in Avalon and Husdon Creeks, larger fish (in length and weight) 

were gaining more weight (higher growth rate) than smaller fish (Table 2.13). Wi th fish 
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size split into the three size classes, there was no difference in growth rate in length (with 

weight growth rate as a covariate) among the streams. 

Act ivi ty level was different among the streams (seasons combined: F005(2)282g - 8.274; 

P = 0.0003; p = 0.97), and time of day (streams combined: F005(2)Z829 = 3.498; P = 

0.0307; p = 0.65). There were no interactions between and among factors in this test. Fish 

in Ava lon Creek were the most active and fish in Pipe Creek were the least active. 

Act ivi ty at night (dusk till midnight) was greater than the other times of the day (Figure 

2.21). 

Table 2.12: Analysis of covariance table for fish size (log weight in grams) among 
seasons (fall, winter, spring and summer) and streams (Husdon, Avalon and Pipe) with 
length as the covariate. 
Factors D F Sum of 

Squares 
Mean 

Square 
F - value P - value B - value 

Stream 2 0.096 0.048 6.118 0.0023 0.90 
Season 3 0.321 0.107 13.655 <0.0001 1.00 
Length 1 16.674 16.674 2130.893 <0.0001 1.00 
Stream x 

Season 6 0.139 0.023 2.967 0.0071 0.91 
Stream x 

Length 2 0.098 0.049 6.292 0.0019 0.91 
Season x 

Length 3 0.122 0.037 4.750 0.0027 0.91 
Stream x 

Season x 
Length 6 0.114 0.019 2.423 0.0249 0.83 

Residual 1332 7.826 0.006 
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Figure 2.16: Average movement rate (+ 1 SE) during flood and non-flood periods for (a) PIT 
tagged and, (b) radiotagged fish (both excluding the l-in-40 year flood event). Positive values 
indicate average movement rate was in an upstream direction and negative values indicate 
average movement rate was in a downstream direction. 
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Figure 2.17: Average movement rate (+ 1 SE) of PIT tagged fish during the l- in-40 year 
flood event and during non-flood periods for Avalon and Pipe Creeks. Positive values 
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Figure 2.18: Average movement rate (+ 1 SE) of different sized PIT tagged fish during flood 
and non-flood periods (excluding the l-in-40 year flood). Positive values indicate average 
movement rate was in an upstream direction and negative values indicate average movement 
rate was in a downstream direction. 
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Figure 2.19: Average growth rate (+ 1 SE) in length and weight for PIT tagged fish from the 
three streams over the three seasons (the S E bar is missing for spring in Pipe Creek because n 
= 1 for that sample). Growth rate was greatest during the spring, and slowest during the fall , 
with winter in between. Growth rate between Husdon and Avalon Creeks was not different. 
Growth rate was greater in Pipe Creek compared to Husdon Creek. 
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Figure 2.20. Mean log weight (± 1 SE) for fish caught in minnow traps in the three streams 
over four seasons. 

Fall Winter Fall Winter Fall Winter 

Avalon Husdon Pipe 

Figure 2.21: Activity level (+ 1 SE) of radiotagged fish at different times of the day for fall 
and winter. The activity level is different among the streams and between night time (N) and 
the two other time periods of the day. 
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Table 2.13: Correlation coefficients and associated P values from Pearson correlations 
between length or weight and weight growth rate. Results from tests between length and 
weight with growth rate in length are not presented because all correlations were not 
significant. Critical P - values were calculated using the sequential Bonferroni technique. 
A n asterisk (*) indicates a significant result. 
Stream Season Weight Length Critical 

Correlation P - value Correlation P - value P - value 
Avalon Fall 0.045 0.8366 0.077 0.7221 0.0500 

Winter 0.824 < 0.0001* 0.806 < 0.0001* 0.0063 
Spring 0.917 0.0265 0.857 0.0696 0.0125 

Husdon Fall 0.102 0.3525 0.143 0.1889 0.0250 
Winter 0.544 < 0.0001* 0.550 < 0.0001* 0.0710 
Spring 0.536 0.0061* 0.582 0.0023* 0.0100 

Pipe Fall 0.332 0.2324 0.380 0.1655 0.0170 Pipe 
Winter 0.613 0.0008* 0.649 0.0003* 0.0080 

Hypothesis 3: Habitat Association 

PIT Tagged Fish 

Seasonal and monthly changes in habitat association were observed in all three 

streams. However, among streams cutthroat trout were associated with similar habitat 

features, as I predicted. In general, cutthroat trout were strongly associated with slow 

water channel unit types (backwater/isolated pools, side pools, lateral scour pools and 

plunge/cascade pools) and glides (Table 2.14). Fish in all three streams were strongly 

disassociated with side channels, cascades and for the most part riffles. 

In Avalon Creek, fish were associated with boulder cover during each month, each 

season and when all monthly data were combined (Table 2.15). During the fall and when 

all monthly data were combined, fish in Husdon Creek were strongly associated with 

boulder cover but during the winter they were strongly associated with L W D . Physical 

cover association varied from month to month for fish in Pipe Creek, but generally they 

too were strongly associated with boulder cover. For the most part fish in all three 

streams were not associated with vegetation cover and root-wads and were strongly 

disassociated with open habitat 

Association with substrate type was less strong. Fish in Pipe Creek were strongly 

associated with large gravel. Surprisingly, fish did not associate with boulder substrate 

except in Husdon Creek in November 1998 (Table 2.16). 
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Radiotagged Fish 

All radiotagged fish in Avalon Creek, with the exception of Cristy, were most often 

found within a large plunge pool located approximately in the middle of the study site 

(Figure 2.3). This plunge pool consisted of a large fallen tree creating the plunge, a large 

(> 4 m wide) root-wad that occupied one bank of the pool and several large boulders and 

cobbles within the deepest part of the plunge pool. This plunge pool ranged in size 

between 2x2mto6x9m depending on the water level. Radiotagged fish used the 

whole plunge pool, but usually each fish remained within a general area and was 

associated with one cover type (eg. Little Billy with root-wad). In Pipe Creek, 

radiotagged fish used a variety of locations, however each fish was generally found 

associated with a boulder or cluster of boulders and cobbles, within a variety bf channel 

unit types. In Husdon Creek, radiotagged fish used primarily LWD in pools. Calculated 

habitat association values corresponded fairly well to the direct observations (Table 

2.17). The radiotagged fish seemed to be strongly associated with faster channel units, 

particularly runs, compared to the smaller PIT tagged fish which were mostly associated 

with slow channel units. 

Population Density and Probability of Survival 

Population densities (fish/m2) with 95% confidence intervals were 0.04 (0.03 - 0.11), 

0.25 (0.22 - 0.44), and 0.16 (0.15 - 0.53) for Avalon, Husdon and Pipe Creeks 

respectively. Population density was higher in Husdon Creek and Pipe Creeks than in 

Avalon Creek. The confidence intervals for Pipe Creek were large and overlapped the 

population density in Husdon Creek. Probability of survival (surviving to the next time 

period) estimates within streams were highly variable. Confidence intervals were not 

calculated for the survival estimates because recaptures within the three streams were too 

few. Recapturing a larger number of individuals would have yielded more realistic 

probability of survival estimates. Probability of survival for Avalon, Husdon and Pipe 

Creeks were 1.03,0.97, and 0.92 respectively. 
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Discussion 

Few studies have investigated coastal cutthroat trout winter ecology and behaviour at 

the individual level in streams of differing physical habitat types (but see Harvey et al. 

1999). M u c h is known about cutthroat trout summer ecology (Moore and Gregory 1988a; 

Bozek and Hubert 1991; Rosenfeld et al. 2000) and movements (Harvey 1998) as most 

studies are done during the summer when weather conditions are more favourable for 

working outdoors. Other studies that have been conducted in the winter on cutthroat trout 

have reported abundance (Johnson et al. 1986; Swales et al. 1987) or habitat association 

(Bustard and Narver 1975b; Murphy et al. 1986; Heggenes et al. 1991b; Solazzi et al. 

1997), but in the past have not focussed on individual fish behaviours. Recently, Harvey 

et al. (1999) published a paper on the winter movement of cutthroat trout in pools with 

and without L W D . Their study was specific to the effects of L W D on fish movement in 

one type of stream whereas my study focused on general cutthroat trout behaviours over a 

longer time frame (three seasons) in different stream types (heavily-, moderately-, and 

minimally-altered). A few other studies have documented cutthroat trout winter 

movements, however these studies were done on interior populations (Brown and 

M a c K a y 1995; Jakober et al. 1998) which experience different winter conditions to 

coastal populations. 

Movement 

During the fall when water levels were most variable, PIT tagged fish in Husdon 

Creek moved the least amount while fish in Avalon Creek moved the most and fish in 

Pipe Creek moved intermediately. The high movement rate during the fall in Ava lon 

Creek seemed to be influenced by a high water phenomenon, the l-in-40 year flood 

event. Lack of movement during the fall has been attributed to sufficient habitat 

availability (Tschaplinski and Hartman 1983; Young 1998). Husdon Creek has abundant 

overwintering habitat that cutthroat trout are known to use (deep, covered pools: Glova 

1986; Heifetz et al. 1986; and sand, gravel substrates: Brown 1987; Brown and M a c K a y 

1995), which could account for the relatively low movement rate in Husdon Creek during 
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the fall. The interaction between movement rate in Avalon and Pipe Creeks during the 

fall is directly due to four fish that moved down and out of Avalon Creek, and up into 

Pipe Creek. 

During the winter, conditions were fairly similar among the stream types: water level 

was high and stable and water temperatures were cold. Movement rate during the winter 

was minimal in all streams. Hartman (1963) found that as water level increased fish 

tended to become more associated with within-stream physical structures. A s well , as 

water temperatures decrease fish associate with the substrate (Rimmer et al. 1983) and 

deeper, slower habitats (Bustard and Narver 1975a). I found very little or no association 

with substrate in any of the streams during the winter, but there seemed to be a greater 

association with slower channel unit types by PIT tagged fish during the winter compared 

to the fall in the streams. Physiological constraints on fish during the winter (Cunjak 

1988) may limit their ability to move freely through the stream. 

In general, different sized PIT tagged fish moved in slightly different directions and 

magnitudes during the three seasons. N o single size class of fish behaved the same 

among the streams, except for the largest size class (> 120 mm) which moved 

downstream during the fall and spring. During the spring these fish may have been 

starting their downstream migration to the ocean. The movement during the fall is 

opposite to what would be expected, as these fish would be returning upstream from the 

ocean at this time. Fish could have been moving downstream at the end of summer 

(Herger et al. 1996) in search of deeper water. 

The restricted movement paradigm states that resident fish, including cutthroat trout 

(Heggenes et al. 1991a), are sedentary. However recently this paradigm has been 

questioned (Gowan et al. 1994, Fausch and Young 1995). There is ample evidence that 

stream fishes are able to move long distances (Gowan et al. 1994; Adams et al. 2000; 

Smithson and Johnston 1999). Smithson and Johnston (1999) found that stream fishes 

from the Ouachita Highlands exercised both sedentary and motile hehaviours. The 

dispute over this paradigm stems from movement studies which have reported that the 

majority of marked fish are never recaptured (see Gowan et al. 1994). In this study, 

almost 50% of the PIT tagged fish from each stream were not recaptured. In many past 
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studies, any non-recaptures were assumed to have died, however in my study I suspected 

that they either died, successfully evaded capture (for eight months in this study) or 

moved out of the study site. Less than 3% of the recaptured fish from this study were 

caught in the additional traps that were set outside the study site to catch emigrating fish. 

Tagged fish may have moved farther outside the study area than I sampled, thereby 

evading recapture and causing the percentage of emigrating fish to be artificially low. 

Nevertheless, the low percentage of observed emigrating fish and the high number of fish 

that remained within small home ranges seems to provide evidence that during the fall 

and winter, under normal flow conditions, these coastal cutthroat trout populations are 

fairly sedentary. Later, I wi l l discuss the presence of the highly mobile fish present within 

these populations. 

Within-day movement of radiotagged fish was minimal (^ 5 m) in all streams. Other 

studies have shown similar results with cutthroat trout (mean 5 m: Heggenes et al. 1991a) 

and California golden trout (Oncorhynchus mykiss aguabonita) of similar size (< 5 m; 

Matthews 1996). Among-day movements may have occurred during the night after I 

finished radiotracking as there was no difference in movement among the three time 

periods I sampled during the day. Most PIT tagged fish moved between 0 - 25 m from 

their initial capture location. There was a definite non-random pattern of movement for 

PIT tagged fish as more fish in Husdon and Pipe Creeks moved upstream of their initial 

capture location. Upstream movement in Pipe Creek may be inflated by the five fish that 

were detected to have moved from Avalon Creek up into Pipe Creek. Selection may 

favour upstream movement in resident populations of fish as downstream movements 

could would result in those fish being lost from the genetic pool (Northcote 1992). 

However, fish in this study are assumed to be diadromous as there are no barriers to the 

ocean downstream of the study sites, so selective pressures for upstream movement may 

not be occurring here. Heggenes et al. (1991a) demonstrated a net downstream movement 

of resident cutthroat trout. More fish in Avalon Creek ended up downstream of their 

initial capture location. This directionality may be influenced by fish leaving Ava lon 

Creek to enter Pipe Creek, as well as by the l-in-40 year flood event where a large 

number of fish moved downstream. Movement upstream in Avalon Creek may have been 

83 



restricted due to a large step above the plunge pool (Figure 2.3) that may have prevented 

smaller fish from passing, however larger fish were still able to pass (personal 

observations; Adams et al. 2000). Many fish in Avalon Creek moved down over the step, 

and did not recover, or did not attempt to recover. This lack of movement upstream may 

eventually cause the elimination of cutthroat trout from the upper reaches of Ava lon 

Creek. 

Home range is the area in which an animal undertakes normal activities (Hayne 1949) 

and is influenced by abiotic and biotic factors (Winter 1977). Although fish were 

intensively sampled over an eight month period, average 95% home range size of 

radiotagged fish in this study was found to be fairly small in all streams (average < 50 m), 

a result comparable to other studies which have found cutthroat trout home range to vary 

in size from 4 to 20 m in length (Miller 1957; Heggenes et al. 1991a). In contrast, 

Colorado River cutthroat trout (O. clarki pleuriticus) have home ranges of over 900 m in 

length (Young 1996). M y results may differ from Young's because of the different life 

histories of these two closely related subspecies. Colorado River cutthroat trout are 

freshwater resident and inhabit large river systems allowing them to explore great 

distances within freshwater whereas the fish in this study are restricted to small stream 

systems and between stream movements would involve passing through ocean water. 

Ninety-five percent home range size was larger in Husdon Creek than Ava lon Creek 

(31.34 m and 12.2 m respectively). I suggest that radiotagged fish in Avalon Creek 

primarily remained within one channel unit, the plunge pool, presumably because it was 

the deepest and most diverse habitat available. The large home range size by Husdon 

Creek fish may be due to the diverse habitat structures available throughout the stream, 

which would allow fish to utilize a larger area. Matthews (1996) reported that California 

golden trout had greater cumulative movement in preferred sedge habitat over less 

favourable areas. During the winter, cutthroat trout are known to inhabit small streams 

(Swales et al. 1987) and areas of slow (Brown and MacKay 1995; Solazzi et al. 1997) 

and shallow water (Heggenes et al. 1991b). Pipe Creek was slower, shallower and smaller 

than Ava lon Creek, so radiotagged fish like Cristy presumably used Pipe Creek as an 
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overwintering area. This could account for the large average home range size within Pipe 

Creek. 

Cutthroat trout are territorial fish (Glova 1986), and so movement may be limited in 

streams were density is high, such as in Husdon Creek. Radiotagged fish in Husdon 

Creek were found throughout the stream and their movements overlapped at the edges of 

their home ranges. Radiotagged fish in Avalon Creek were found within the same 

channel unit (plunge pool) for most of the study period. Aggression (Hartman 1965; 

Cunjak and Power 1986) and territory size (Glova 1986) are known to collapse during the 

winter when water levels are cold, but the common territories in Avalon Creek were 

present in the fall when temperatures were well above the coldest winter temperatures. 

Bachman (1984) suggested that when water velocities are high, fish cannot afford to 

attack one another because venturing from cover may make them vulnerable to the high 

flow conditions. Water levels and velocity were high in Avalon Creek during the fall and 

winter which may have forced fish to inhabit common habitat. 

Contrary to the restricted movement paradigm, there were fish from each stream 

which made long distance movements. Cutthroat trout are known to make long distance 

movements during summer in coastal streams (Miller 1957; Heggenes et al. 1991a) and 

during winter (Brown and MacKay 1995) and summer (Young 1996) in interior streams. 

Six PIT tagged and one radiotagged fish in Avalon Creek and three PIT tagged and two 

radiotagged fish in Husdon Creek moved over 100 m from their original capture location. 

A s well , the 100% home range size was larger than the average 95% home range size in 

all streams. This means that the outlying 5% of relocations were made well outside the 

normal home range. Usually, long distance movements for many fish species can be 

attributed to movements to overwintering areas of warmer water (Brown and M a c K a y 

1995) or slower, deeper habitats (Chisholm et al. 1987; Clapp et al. 1990). Long distance 

movements are also made before and after spawning (Clapp et al. 1990; Northcote 1992; 

Modde and Irving 1998). The smaller PIT tagged fish were probably not moving for 

reasons related to spawning, however one radiotagged fish, Mario from Pipe Creek, was 

in obvious breeding condition when captured, so the movement patterns made in late 

winter by this fish could have been due to pre-spawning behaviours. Unlike fish from 
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Avalon Creek, movement of fish in Husdon Creek did not seem to be related to changes 

in long or short-term flow conditions. Their movements may have been due to either 

random explorations, inter- or intra-specific competition with larger fish, shifts in food or 

habitat requirements, or preparation for the spring seaward migration (eg. Lujay). 

Another more encompassing mechanism to explain fish movement may be that some 

individuals are genetically programmed (possess a "movement gene") to move long 

distances from their natal areas. This phenomenon would reduce the chance of inbreeding 

of related individuals, reduce competition for resources among individuals and increase 

the spread of individuals to new areas (in the long-term would result in range expansion). 

Although this idea has not been previously explored, it may warrant some future 

consideration. 

Most of the long distance movements made by both PIT tagged and radiotagged fish 

in Ava lon and Pipe Creek occurred simultaneously during the l-in-40 year flood event in 

November of 1998. This flood caused a marked, immediate downstream movement by all 

size classes (PIT tagged and radiotagged) of cutthroat trout in Avalon Creek and 

downstream movement of some fish from Pipe Creek. During normal flood conditions, 

movement rate was not statistically different among the three stream types or with non-

flood periods, however the power of these tests were low. To increase the power of the 

tests I needed to have a larger sample size or lower variance within my treatments 

(Thomas and Juanes 1996). However, the current analysis suggests that under normal 

seasonal flow conditions, differences in habitat type do not cause differences in 

movement rate of cutthroat trout. Others have found that floods do not necessarily cause 

displacement of other fish species (Heggenes 1988; Todd and Rabeni 1989; Harvey et al. 

1999). The only statistical differences in movement rate for radiotagged fish in this study 

were during the l-in-40 year flood event. 

One hundred percent home range size in Avalon Creek was 7 times longer than 95% 

home range size during the fall, when the flood occurred. The outlying relocations within 

this stream were made during the l-in-40 year flood event when Little B i l l y , Darell and 

Cristy were found over 50 m downstream from their previous location. A distance of 

between 50 and 100 m has been found to be normal for other species of comparable size 
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(Whitworth and Strange 1983; Matthews 1996), however Little B i l l y and Darell were 

found consistently within a 5 m range, and immediately after their sudden downstream 

movement returned to their original home unit (the plunge pool). L o u L o u exceeded the 

return distance by 20 m. Mi l l e r (1957) suggested that fish that have been displaced during 

high flows wi l l return to their home location once stream conditions are suitable. Smaller 

PIT tagged fish did not recover their original location within the stream after the flood, 

rather, they remained at their new location. Their smaller size and poorer swimming 

ability may have prevented them from returning to their original location. 

The suddenness of the l-in-40 year flood followed by the simultaneous downstream 

movement of all size classes of fish in Avalon Creek and the loss of two fish from 

Avalon and Pipe Creeks suggest that these fish were displaced by the flood event. 

Heggenes (1988) did not find that brown trout, of comparable size, were displaced during 

artificial and natural flood events in an experimental stream. However, that experiment 

was conducted during the summer when fish presumably have more energy to allocate to 

swimming against fast currents, and the water temperature is presumably warm enough 

not to hinder swimming ability. A s well , the experimental flood events lasted 20 minutes, 

whereas the l-in-40 year flood event lasted for over 12 hours. Fish find refuge under 

rocks or L W D , but as flow and turbulence increase and persist a fish may lose the ability 

to maintain a constant position within the water column, so the likelihood of 

displacement increases. 

Weiss and Kummer (1999) found that brown trout in a small Austrian stream were 

displaced downstream following a large flood event, but they concluded that the 

movement downstream was caused by other factors. Downstream movements into calmer 

waters, such as small tributary streams or off channel habitat, during the onset of flood 

events has been documented before in brook trout (Salvelinus fontinalis: Chisholm et al. 

1987), coho salmon (Peterson 1982) and cutthroat trout (Hartman and Brown 1987; 

Harvey et al. 1999). There is evidence from this study that fish in Avalon Creek did use 

Pipe Creek as a refuge during the major flood. Pipe Creek was mainly used as a 

temporary winter refuge, as there was movement back into Avalon Creek during the 

spring and summer once stream conditions in Avalon Creek were more favourable. 
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Stream conditions that cause displacement of individual cutthroat trout from their 

home ranges may have direct negative consequences on the stability of the population. 

Marschall and Crowder (1996) suggested that randomly occurring floods may have 

stronger negative affects on populations size than direct anthropogenic affects. Hoods 

that have a frequency of as little as 5 - 10 years can cause damage to stream habitat (from 

debris flows; Hartman et al. 1996) similar to the affect from the l-in-40 year flood event 

on Avalon Creek. Thus, displacement or loss of fish from Avalon Creek (and Pipe Creek) 

may occur more frequently than once every 40 years. Continual displacement and loss of 

individuals from the stream or sections of the stream (eg. above the step in Avalon Creek; 

see Figure 2.3), may be what is causing the low population density. 

The prediction that movement rate would be equal during stable flow conditions and 

different during variable flow conditions was upheld by PIT tagged fish only (Figure 

2.22). Radiotagged fish showed no difference in movement rate between the seasons, 

however the power of the analyses were fairly low, reducing the reliability of the tests. I 

suspect that sampling error and low sample size may account for this result. From 

individual movement patterns, it is clear that radiotagged fish experienced major 

downstream movements, however the recorded movement was in the upstream direction. 

The inability to predict when flooding is going to occur and be present at each stream 

simultaneously during the storm event, limited the resolution of the data. A minimum of 

10 fish per stream was the project goal, however there were not enough large fish caught 

during the study to meet that goal. For future studies I would suggest selecting a longer 

section of stream to sample so that (1) longer distance movements (of PIT tagged fish) 

can be detected and (2) the probability of catching a larger sample size of large fish is 

high. 

Growth 

Prediction two, that growth rate would be greatest in the minimally-altered stream 

during high flow condition was not met as growth rate was greatest in the moderately-

altered stream (Pipe Creek) and higher during the winter and spring than fall or summer 

(Figure 2.22). Because growth rate was greatest in the moderately-altered 
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WINTER 

stable discharge 
high water level 

Minimally-Altered 

V = movement 
V = growth 

= association 

t 

Moderately-Altered 

V = movement 
V = growth 
Vx = association 

Heavily-Altered 

V = movement 
V = growth 
Vx = association 

FALL 

variable discharge 
lower water level 

Minimally-Altered 

V ^ movement 
x A. growth 
Vx = association 

t 

Moderately-Altered 

V movement 
x ^ growth 

association 

Heavily-Altered 

V T* movement 
x ^ growth 
Vx = association 

Figure 2.22: Outcome of predictions made at the beginning of the study. Symbols include 
"=", no difference between stream types; an increase or greater than the others; ", a 
decrease or less than the others; "AL", intermediate to the others; "V', indicates that the 
prediction was upheld, and "x" indicates that the prediction was incorrect. Discharge and 
water levels stated for each season are the actual water conditions during the study. Notice 
that the words in italics have been changed from the initial prediction figure (Figure 2.2) to 
match the actual conditions that were observed in the streams over the course of the study. 
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stream and there were no relationships between growth rate and movement, higher flow 

conditions (that influenced movement of fish in Avalon and Pipe Creeks) had little or no 

affect on growth rate. Other abiotic or biotic factors must explain the observed 

differences. 

Growth rate was equal among streams of different densities, suggesting that growth 

rate did not depend on fish density. Moore and Gregory (1988b) did not witness a change 

in growth with increased density of cutthroat trout. During the winter in all streams and 

during the spring in Husdon Creek, larger fish had a higher growth rate than smaller fish. 

These larger fish during the winter were presumably more likely to venture from cover to 

catch drift because during high flows smaller fish have a higher chance of displacement 

(Seegrist and Gard 1972; Harvey 1987); however at the highest flows, I found that all 

size classes of fish were equally susceptible to displacement. The water level in Pipe 

Creek was the lowest of the three streams throughout the study. These low flow 

conditions would have allowed the smaller fish to leave cover during feeding and thus 

have equal or higher opportunities for feeding and growth which could account for the 

higher overall growth rate. 

During the summer, growth rate in clear-cut streams is often higher compared to 

second growth or old growth streams because of increased light penetration causing water 

temperature to be warmer (Slaney et al. 1977) and invertebrate production or biomass to 

be higher (Wilzbach et al. 1986). Because I did not measure invertebrate biomass in this 

study I cannot determine i f water temperature or light penetration had an affect on food 

availability. It seems however that temperature directly did not influence growth rate as 

Husdon Creek had the warmest water temperature but lowest growth rate throughout the 

study. The low percentage of canopy cover in Pipe and Avalon Creeks could have 

extended the day length in these streams thereby allowing fish to feed for longer each day 

which may account for the higher growth rate in Pipe Creek (and somewhat in Ava lon 

Creek). 

Seasonal differences in growth rate and size were observed. Growth rate and average 

size of fish were greatest in the spring and lowest during the summer and fall and 

intermediate during the winter in all streams. Similar patterns of growth and fish 
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condition were shown by Ell is and Gowing (1957). They found that the pattern of fish 

condition was coincident with seasonal changes in water temperature. Others have found 

that fish have higher growth rates at particular temperature ranges (see El l i s and Gowing 

1957). Lower and upper lethal temperature limits for cutthroat trout are 0.6°C and 22.8°C 

respectively (Meehan 1991). The preferred temperature range, or alternatively the 

optimal temperature range for growth of cutthroat trout may rest between 6-12°C, well 

within the lethal boundaries. This range is wide compared to other salmonids, such as 

steelhead trout which have a preferred range between 10-13°C (see Meehan 1991). 

Another explanation may come from Whitworth and Strange (1983) who found that 

brook trout and rainbow trout grew faster in the spring than other seasons. They 

attributed the higher spring growth rate to the potential competitive gain rainbow trout 

would have over brook trout. Competition between coho salmon and cutthroat trout exists 

(Bisson et al. 1988; Sabo and Pauley 1997) but is thought to be minimal during the winter 

when water levels are cold (Hartman 1965; Glova 1986). When water temperatures 

increase in the spring competition between coho salmon and cutthroat trout may increase, 

therefore cutthroat trout may grow faster to be competitive against coho salmon, as 

smaller cutthroat trout are known to be dominated by larger coho salmon (Sabo and 

Pauley 1997). 

Cunjak and Power (1987) found that brown trout and brook trout maintained feeding 

during the winter, even though metabolic rates were low. Not only was activity level of 

cutthroat trout in my study not different between fall and winter but fish grew during the 

winter in all streams implying that fish fed even though water temperatures reached were 

low (eg. 3.5°C Avalon Creek). Brown trout in a Michigan Creek, were more active 

during high flows because there were more invertebrates present in the water (Clapp et al. 

1990). F low conditions and activity levels were higher in Avalon Creek, however, no 

relationships between these variables and food availability could be made as food 

availability was not measured in this study. The higher activity level in Avalon Creek 

could suggest that the fish were forced to swim more actively against the high flow 

conditions. Pipe Creek fish were the least active. Radiotagged fish in Pipe Creek were 

mostly confined to small channel units which may have limited the amount of small scale 
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movement these fish could do. This pattern was especially seen in winter when water 

levels sometimes dropped very low thereby confining fish even further. 

Young (1998) found that daily activity in cutthroat trout reduced by about 50% from 

summer to October. I found no difference in activity level between September and April. 

Activity level was usually greater during the night than the rest of the day. Fish are 

known to forage more during dusk, which could account for the observed difference 

(Todd and Rabeni 1989). 

Habitat Association 

In general habitat association of cutthroat trout was with slow channel unit types 

(pools) which corresponds with findings from winter (Murphy et al. 1986; Heggenes et 

al. 1991b), summer (Wilzbach and Hall 1985; Glova 1986; Bisson et al. 1988), and 

interior (Young 1996; Young 1998) studies on cutthroat trout. In particular, fish in 

Avalon Creek were associated with plunge pools. Others have found high biomass of 

cutthroat trout in plunge pools during the summer (Bisson et al. 1988; Herger et al. 1996), 

but this is the first study to document a high association with plunge pools during the 

winter. Differences in habitat association within specific channel units may reflect 

intraspecific competition among cutthroat trout. For example, three radiotagged fish in 

Avalon Creek were found predominately within one plunge pool. Chapman (1966) 

suggested that hierarchies rather than territories develop in pools, compared to shallower 

channel units. Within the plunge pool at any one time, the three fish were never located in 

the same general location, but were associated with different physical structures within 

the pool (eg. rootwad, open/boulder, LWD, personal observations). Nickelson et al. 

(1992) stated that plunge pools are not ideal habitats for fish during the winter, possibly 

because water velocity and turbidity increase tremendously as water level increases, 

thereby reducing the suitability of the habitat as a refuge. This could possibly account for 

the observed displacement of all but one radiotagged fish from the plunge pool during the 

l-in-40 year flood event. The displaced radiotagged fish were associated with either 

boulder or open habitat whereas the one radiotagged fish that remained in the plunge pool 

(Sanjie) was associated with the imbedded root-wad during the flood event. 
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There seemed to be a slight shift to slower water channel units during the winter for 

PIT tagged fish in the streams. A s well radiotagged fish seemed to be associated with a 

wider range of habitats during the fall than the winter. Monthly and seasonal shifts in 

habitat association can be caused by several factors. Herger et al. (1996) found that a shift 

in habitat association from July to August by Colorado cutthroat trout was related to 

changes in flow. Changes in water depth can alter the number of discrete channel units 

available to fish (Herger et al. 1996). Water levels fluctuated monthly and daily in each 

stream which may account for the variability in habitat association. Other factors that 

could cause monthly and seasonal changes in habitat association include inter- or intra

specific competition, localized changes in food availability (Wilzbach 1985) or changes 

to the configuration of microhabitat structures (Meyer and Griffith 1997). 

In general, cutthroat trout were associated with boulder cover, even in Husdon Creek 

where boulders accounted for < 3% of the total available cover. Boulders provide micro-

scale refuges against high flow conditions (Heggenes 1988), and many species of fish use 

boulders as cover during normal flow conditions (Meyer and Griffith 1997) and during 

flood conditions (Hillman et al. 1987). However during major flood events cobbles, 

boulders and L W D can get transported downstream (Major 1997). This happened in 

Avalon and Pipe Creeks during the l-in-40 year flood event when large amounts of 

L W D , boulders and cobbles moved downstream scouring out the streams and rearranging 

the path of water. The effectiveness of boulders as refuge is eliminated when they are 

transported downstream during flood events. Association with boulders in Ava lon and 

Pipe Creeks may have added to the large number of fish that were displaced during the 1-

in-40 year flood. 

The relationship between L W D and fish movement (Sundbaum and Naslund 1997; 

Harvey et al. 1999), and the usefulness of L W D as cover (Crispin et al. 1993; Heifetz et 

al. 1986; Fausch and Northcote 1992) has been extensively studied and is widely 

understood. Large woody debris was used disproportionately in all months and seasons in 

Husdon Creek. Large woody debris did not seem to play as an important roll for cutthroat 

trout as would be expected, although Berg et al. (1998) found that L W D was not 

influential as cover in Central Sierra Nevada, California. Large woody debris was largely 
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ignored by cutthroat trout in Avalon and Pipe Creeks possibly because it was unstable 

and not as abundant as boulders, which may have made it less desirable as cover. It seems 

as though cutthroat trout within the three streams were associated with physical cover 

that was most abundant within the stream. 

Substrate association again reflected availability of substrate type, excluding boulder 

substrate. Cutthroat trout were not preferentially associated with a particular substrate 

size class, except for large gravel in Pipe Creek. This may be because fish were mostly 

associated with a combination of substrate size classes, not one discrete size class. M y 

sampling method did not allow me to test habitat association with combinations of 

substrate size classes. 

Population Density and Probability of Survival 

A report conducted in the early 1980's stated that Avalon Creek was an important 

stream for salmon rearing and was one of the best locations in Howe Sound to angle 

cutthroat trout (Environment and Land Use Committee Secretariat 1980). Since 1980 

Ava lon Creek has had extensive logging in its watershed which is now prone to 

landslides and debris flows (Ian Gazeley, local resident, Sunshine Coast, B . C . , P.O. Box 

1318, Gibsons, B . C . , V O N 1V0, personal communication). In this study, population 

density was lowest in Avalon Creek compared to the other streams. Ell iot (1986) found 

that larger Dol ly Varden (Salvenlinus malma) emigrated from a stream that had high 

L W D removal. Large cutthroat trout from Avalon Creek may have left in search of a 

more stable stream after the first major debris flow (post 1983). This emigration may 

have initially reduced the effective population size in Avalon Creek, while displacement 

during subsequent debris flows (like the one that occurred in 1998) may be maintaining 

the density at a low level. Seegrist and Gard (1972) found that densities of rainbow trout 

and brook trout were depressed resulting from floods and that these populations were at 

low levels for several subsequent years. Isolated populations have a higher chance of 

extinction from localized disturbances like floods (Jones et al. 1998). Re-colonization 

into Ava lon Creek could occur via the estuary, as there are no streams that Ava lon Creek 

flows into, or flow into it (other than Pipe Creek), making Avalon Creek fairly isolated. 
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Bisson et al. (1988) found that cutthroat trout immigrated into a heavily altered 

stream that was devastated by the Mount St. Helen's eruption of 1980 because the stream 

held a large invertebrate population. Invertebrate production was not evaluated in this 

study, however i f the invertebrate density was relatively high in Avalon Creek, it may 

explain why a population still remains in this stream even though the habitat is heavily-

altered and subject to debris flows. Emigration during the winter in search of temporary 

refuge in Avalon Creek could also explain why that stream had a low density of cutthroat 

trout During the winter, density within clear-cut streams is often reduced compared to 

summer as fish migrate to other streams in search of better habitat (Johnson et al. 1986). 

Ten percent of recaptured PIT tagged and radiotagged fish moved out of Avalon Creek 

into Pipe Creek, especially during the l-in-40 year flood, which may have influenced the 

density estimate in Ava lon Creek. Pipe Creek had relatively less variable and lower water 

levels than Avalon Creek, making it a less harsh environment. During the summer, Pipe 

Creek may not be as favourable because water levels return to low levels, thereby 

limiting the available habitat for fish (Herger et al. 1996). In the spring two fish moved 

from Pipe Creek back into Avalon Creek possibly in anticipation of low water levels. 

Probability of survival estimates were surprisingly high and equal among stream 

types, which is contrary to another study that showed higher mortality rate during the 

winter in a logged stream compared to an unlogged stream (0.62 and 0.24 respectively, 

Osborn 1980). Michael (1989) found overwinter survival of cutthroat trout to range 

between 40% and 62% in two Washington State streams while Martin et al. (1986) found 

juvenile coho salmon overwinter mortality in a devastated stream lacking streamside 

cover to reach as high as 97% and 100%. 
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G E N E R A L CONCLUSION 

The restricted movement paradigm states that resident fish are sedentary and 

movement is limited to small sections of stream. This study supports the claim by 

Smithson and Johnston (1999) that both non-mobile and mobile individuals exist within a 

population. Fausch and Young (1995) suggest that a more complex classification of 

movement be developed to accurately define movement within and among fish 

populations, rather than sedentary versus mobile. A l l individual fish are capable of long 

distance movements, however the reason or mechanism responsible for a fish to move 

may be what causes the different observed behaviours. Voluntary (habitat exploration, 

competition) versus involuntary movements (displacement, genetic) would be more 

appropriate terms for addressing sedentary versus mobile observations, as some fish from 

this study that would have been classified as sedentary (small home range) experienced 

large scale movements due to displacement which artificially increased their home range 

size. 

Cutthroat trout have been declining in population abundance across their range for the 

past 20 years (Trotter 1989). Habitat loss in the freshwater environment is only one 

possible mechanism for the decline. Overfishing and changing marine conditions (leading 

to poor marine survival) are other mechanisms, however their contribution to the overall 

decline is largely unknown. I investigated habitat loss, primarily due to logging practices 

because cutthroat trout spend large portions of their lives within the freshwater 

environment. I initially hypothesized that differences in movement between streams of 

differing habitat alteration influenced population density. In general, I found that the 

winter ecology of coastal cutthroat trout was similar to summer in all stream types. 

Movement rate of cutthroat trout within streams of differing physical habitat was low 

during the winter when stream flows were high and water temperatures were cold. Even 

during regular seasonal flood events movement rate was similar to non-flood periods in 

all stream types. The main difference observed in this study was during a major storm 

event where many fish from the heavily-altered stream were displaced downstream. This 

displacement could have been caused by the lack of suitable refuge available as these fish 
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were primarily associated with boulders. Boulders are transported downstream during 

extreme high flow conditions eliminating their usefulness as refuge by exposing fish to 

high velocities or causing death due to crushing. Although extreme weather conditions 

are rare and random (Marschall and Crowder 1996), they may occur often enough to have 

a negative affect on fish population density and the ability of a population to persist, even 

when average probability of survival and growth rate are not affected. 

Unlike interior systems, coastal streams are subject to flooding during the colder 

months of the year when fish are presumably most vulnerable to added energy costs. A s 

well , coastal streams that house cutthroat trout are often not part of a larger river system, 

but rather drain directly into the ocean. Generally, cutthroat trout do not venture far from 

their natal stream, so fish living in small semi-isolated streams have a higher chance of 

extinction i f the risk of extinction exists. L o w density, isolated populations in unstable 

streams, such as that in Avalon Creek, are the most vulnerable to stochastic events that 

can lead to loss of individuals, or ultimately extinction. Habitat degradation that causes 

changes to the stability and normal flow patterns within coastal streams often result from 

poor logging practices. The combination of the known affects of logging on streams and 

the knowledge that fish can become displaced during major floods provides evidence that 

populations could be maintained at low density. I believe that the first major debris flow 

that occurred within Avalon Creek caused an initial reduction in population density. Over 

time the density has either been reduced more, or maintained at a low level from repeated 

displacement events during subsequent floods. The displacement of individuals from the 

population during major flooding may be one mechanism behind the decline of within 

population density for cutthroat trout in B C . This is yet more evidence that land 

management and stream habitat restoration projects are worthy conservation practices for 

coastal cutthroat trout. 

The method of using a large-scale study as the baseline for an intensive small-scale 

study was effective in this thesis. I used the habitat gradient generated from Chapter One 

as an unbiased guideline for selecting streams for Chapter Two. I feel that the results 

obtained in Chapter Two are a fairly realistic representation of what is occurring in small 

streams along the southwest coast of B C . 
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APPENDIX 
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Appendix 1: Discharge/water-depth relationships for the three streams. Linear regression 
relationships and r 2 are indicated for each water-depth relationship. Water depth and discharge 
measurements waere taken at the stationary meter-sticks in each stream. 
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Appendix 2: Act ivi ty levels recorded from a dead fish carrying a radiotransmitter. "Back and 
Forth" and "side to side" resembles fish movement and "Motionless" resembles a fish that is 
holding. The asterick indicates a significant difference (P < 0.05) between Motionless and the 
other two activities. 
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Appendix 3: Example of home range calculation (fish = L o u Lou). Relocation site (r) is 
the location within the stream relative to the modal site (0 ± 0.1 m; most frequently used 
site) that the fish was found. Negative values indicate that the site was downstream of the 
modal site, and positive values indicate that the site was upstream of the modal site. 
Number of relocations is the number of times Lou L o u was found at that site. N is the 
theoretical number of relocations that need to be observed at the relocation site based on 
its distance from the modal site (N = r * n * w / d 2 ; where d = 5 m and w = width of the 
stream). The index shows the relative importance of the relocation site (higher index 
numbers indicate that the relocation site are used frequently and the lower index numbers 
indicate relocation sites that are almost never used). Index is simply the number of 
relocations divided by N . A t this point, the relocation sites are sorted from most 
important (highest index value) to the least important (lowest index value) (already 
shown in this example). After the sorting is complete, the proportion of relocations is 
calculated. It is the number of relocations for each site divided by the total number of 
relocations (this example = 31). The cumulative proportion is used to estimate the 95% 
cutoff for estimating home range. Home range is then estimated as the distance (m) 
between the most upstream and downstream relocation sites within the 95% or 100% 
boundaries (eg. for 95% = 19.1 + 21.6 m = 40.7 m). 
Relocation Number of N Index Absolute Proportion Cumulative 95% 100% 
Site Relocations (relocations/ Value of of Home Home 

N) Index Relocations Range 
(m) 

Range 
(m) 

-0.1 13 -0.06 -206.901 206.901 0.4194 0.4194 
0.9 1 0.57 1.768 1.768 0.0323 0.4517 
-1.6 1 -1.01 . -0.995 0.995 0.0323 0.4840 
-21.6 11 13.57 -0.811 0.811 0.3548 0.8388 
-2.1 1 -1.32 -0.758 0.758 0.0323 0.8711 
-17.0 1 -10.68 -0.094 0.094 0.0323 0.9034 
19.1 1 12.00 0.083 0.083 0.0323 0.9357 40.7 
-83.1 1 -52.21 -0.019 0.019 0.0323 0.9680 
-99.6 1 -62.58 -0.016 0.016 0.0323 1.000 118.7 
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Appendix 4: Characteristics of the marked L W D pieces in Husdon and Avalon Creeks. 
The configuration of each piece of wood is described by its orientation to the stream bank 
(the number) and its placement within the stream banks (the letters). The number is the 
degree (°) the piece of wood is oriented to the stream bank (the base of the L W D is the 
origin). For example a piece of wood which is 180°would be oriented parallel to the 
stream bank with the base of the L W D at the upstream end. The letters represent F = 
wood spanning from bank to bank (full), H = wood touching one bank (half), M = wood 
not touching any bank (middle), I = wood embedded within the substrate, D = wood 
within the stream banks but out of the water (dry), o = wood suspended over the water. 
Values in brackets indicate a piece of L W D that could not be identified with absolute 
confidence (the tag could not be found, yet the wood looked similar in shape and size). 
LWD DBH Length Initial Final Initial In- Final In- Total 

(cm) (m) Configuration Configuration Stream Stream Distance 
Distance (m) Distance (m) Moved (m) 

Husdon 
1 30-60 9-12 170-Fo 160-Fo 155.0 155.0 0.0 
2 15-30 6 - 9 170-Fo 160-H 152.0 152.0 0.0 
3 15-30 3 - 6 190-Ho 190-H 133.0 133.0 0.0 
4 30-60 3 - 6 180-M 180-H 129.0 129.0 0.0 
5 30-60 3 - 6 160-H 150-H 120.0 120.0 0.0 
6 15-30 1- 3 180-H 240-H 106.5 103.2 -3.3 
7 15-30 3 - 6 180-Ho 190-H 104.0 104.0 0.0 
8 15-30 3 - 6 180-1 180-1 88.0 88.0 0.0 
9 15-30 1- 3 120-1 130-HI 68.5 68.5 0.0 
10 30-60 1- 3 100-H 90-HI 60.0 60.0 0.0 
11 15-30 3 - 6 90-Fo 90-F 46.0 46.0 0.0 
12 30-60 1- 3 200-F 220-H 38.0 38.0 0.0 
13 15-30 3 - 6 45-Fo 60-Fo 33.0 33.0 0.0 
14 15-30 1- 3 120-HI 110-MI 22.5 22.5 0.0 
15 15-30 6 - 9 180-H 180-H 14.0 14.0 0.0 
16 15-30 1- 3 270-Ho 180-H 1.5 

Total: 
-3.6 -5.1 

8.4 
Avalon 
1 15-30 3 - 6 120-Ho 221.0 >-221.0 
2 30-60 9 - 12 180-D 180-D 203.0 203.0 0.0 
3 30-60 3 - 6 270-Ho 184.5 > -184.5 
4 rootwad <3 360-ID 175.5 > -175.5 
5 15-30 3 - 6 210-H 162.0 > - 162.0 
6 30-60 3 - 6 190-D 142.5 >-142.5 
7 15-30 6 - 9 310-ID 270-IH 123.0 120.0 -3.0 
8 30-60 6 - 9 160-ID 150-D 118.0 117.5 -0.5 
9 15-30 9-12 260-Fo 180-1 103.0 96.0 -7.0 
10 15-30 1- 3 110-Ho 82.0 >-82 
11 30-60 1- 3 190-ID (180-ID) 74.0 (65) (-9) 
12 30-60 6 - 9 180-Fo 190-Ho 57.0 52.0 -5.0 
13 15-30 12-15 270-Fo 220-Fo 45.0 42.5 -2.5 
14 30-60 6 - 9 160-K 37.0 > -37.0 
15 30-60 3 - 6 190-H 15.0 >-15.0 
16 15-30 3 - 6 200-D 7.0 

Total: 
>-7.0 

> 1000.0 
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