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ABSTRACT

I investigated seasonal patterns in habitat related movement, distribution and
abundance of juvenile coho salmon in two interior British Columbia streams, and in
particular, used individual and categorical marks to examine how size-dependent
overwinter growth and survival relate to freshwater production. Counter to results from
coastal streams, I found no evidence of autumnal movement into off-channel areas or
other sites considered favourable winter habitat. Abundance in these habitat types
remained relatively constant throughout both years indicating juveniles utilized refuge
areas year-round, not just during winter. During a year when overall juvenile abundance
was relatively high, the proportion of both fall and post-winter standing stock found in
off-channels was comparable to the availability of this habitat in the streams (~ 20 %).

- However, during a year when juvenile production was likely limited by spawner
abundance, oft-channels accounted for much higher proportions (~ 55 %) of estimated
standing stock. These habitat types may therefore be particularly important to coho
production when spawning stocks are low. Results suggested relatively short, low
gradient streams on the North Thompson River floodplain may contribute much more to
regional coho production than previously recognized, and counter to some suggestions,
adequately seeded interior systems may exhibit production levels comparable to those of

coastal streams (~ 0.2 to 0.4 smolts-m™).

Investigations of size-dependent growth and survival differed from some previous
studies. Smaller juveniles grew more during the winter than their larger conspecifics, and
differences in specific growth rate were greater than predicted from an allometric model.
Greater overwinter growth by smaller fish may have been driven by selective pressure for
individuals to attain a certain threshold smolt size. However, in a cold stream with
relatively unfavourable winter growth conditions, the smallest juveniles grew the least
overwinter, indicating that in some situations it may be favourable for fish to delay
smolting and spend an additional year in freshwater. Counter to some previous studies,

there was no consistent evidence of size-related overwinter survival, and higher winter

growth rates by small juveniles were not associated with decreased overwinter survival.




iii

Fall location appeared to explain more of the variation in overwinter survival than initial
fish size, and in one year, juveniles in off-channels exhibited both higher recapture
probabilities and growth rates than fish in mainstem areas. Results from this study
indicate an existing production model based on a positive size-dependent survival

function may not be applicable in interior streams.
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GENERAL INTRODUCTION

The status of many wild coho salmon (Oncorhynchus kisutch) populations on the
west coast of North America is currently of great concern. Spawning stocks in many
regions are markedly depressed (Brown et al. 1994, CRT 1998, Nehlsen et al. 1991,
Slaney et al. 1996), and over the past few decades, marine survival rates of both wild and
hatchery produced coho have decreased dramatically (Cross et al. 1991, Emlen et al.
1990, Nickelson et al. 1986). Furthermore, reversal of these trends does not appear
imminent. Some populations may continue to decline even in the absence of fishing

mortality (CRT 1998).

In British Columbia, conservation concerns appear to be particularly serious for coho
that spawn in interior river systems (Figure 1.1, inset; CRT 1998). Some Thompson
River stocks have experienced reductions in escapement of 50 — 70 % per generation
(Bradford 1998) and in 1997, adult returns to upper Skeena watersheds were at
unprecedented lows (Holtby 1998). The potential consequences of these declines are
severe. Coho from Thompson and upper Fraser tributaries are genetically distinct from
stocks in the lower Fraser and the rest of B.C. (Small et al. 1998a). In addition, variation
in microsatellite DNA among Thompson and upper Fraser populations has revealed
significant spatial substructuring within the drainage area (Small et al. 1998b).
Therefore, population declines appear likely to result in continued erosion of overall

stock structure and genetic diversity of the species (Walters and Cahoon 1985).

1In 1997, the Department of Fisheries and Oceans (DFO) began to restrict fishing
pressure in an effort to reduce and or eliminate exploitation of threatened coho
populations (Anon. 1998). Conservation measures have been maintained in recent years,
and the government appears committed to a long-term stock rebuilding process (e.g.,
Anon. 1999). Many agree future management of the species is on the cusp of change,
and the debate over shaping this future garners much attention (e.g., Anon. 1999,
CPMPNAS 1996, Glavin 1998, Walters 1995). However, this debate has also

highlighted significant deficiencies in our knowledge of coho ecology that may hamper




efforts to restore and protect the species. In this thesis, I address two of these gaps in our

current understanding.

Firstly, I investigate aspects of the winter ecology of juvenile coho in interior streams.
Information regarding the ecology of salmonids in interior regions is sparse (Bustard
1986, Harding et al. 1994, Swales et al.' 1986), and most of our understanding of coho
freshwater ecology and behaviour comes from research conducted in coastal streams
(e.g., Bustard and Narver 1975; Fausch 1993; Hartman et al. 1996; Holtby 1988;
Nickleson et al. 1992; Peterson 1982b; Thedinga et al. 1989). How applicable this
knowledge is to interior regions is largely unknown. For example, it has been shown in
coastal systems that off-channel areas, riverine ponds and areas formed by instream

structures such as large organic debris (LOD) are utilized extensively by juvenile coho

during winter (Bisson et al. 1992, Bustard and Narver 1975, Cederholm and Scarlett

1981, Peterson 1982a; Quinn and Peterson 1996). The hydrology of coastal streams is
believed to explain at least part of the seasonal association of fish with these areas. Peak
flows in coastal systems are generally associated with high winter rainfall events, and
certain habitat features may provide important velocity refuges for stream-dwelling
organisms (e.g., Bilby and Bisson 1987, Bjornn and Reiser 1991, Cunjak 1996,
McMahon and Hartman 1989, Murphy et al. 1984, Tschaplinski and Hartman 1>983).
However, the opposite discharge pattern is observed in interior streams; freshets occur in
late spring and early summer during snowmelt, and autumn and winter are usually
periods of low flow. It is not known whether differences between regional hydrologies
are associated with distinct seasonal patterns in fish distribution and abundance. In the
first chapter of this thesis, I address this question and describe habitat related movement,
distribution and abundance of juvenile coho in two interior streams during the winters of
1996 and 1997. Better understanding of the importance of different habitat types would
be an important management asset as it would allow the proper design of land-use

guidelines and enhancement and restoration prescriptions relevant to interior systems.

Secondly, I investigate juvenile coho overwinter growth and survival and assess how

these factors relate to freshwater production. When spawner abundance is low, variation




in freshwater production may be an important component of overall population dynamics,
and stock - recruit relationships may be most influenced by juvenile survival (Bradford et
al. 1997, Hilborn and Walters 1992). Therefore, thorough understanding of freshwater
production dynamics is integral to effective management and conservation of threatened
populations (Wood 1998). However, while winter is well recognized as a critical period
governing production of juvenile salmonids in streams (Bustard and Narver 1975, Holtby
1988, Holtby and Hartman 1982, Quinn and Peterson 1996, Tschaplinski and Hartman
1982), the factors affecting juvenile overwinter survival are still not well understood.
Research has generally been limited to pre and post-winter population-level comparisons
(Cunjak 1996) and information on individual fish is sparse. This limits detailed
investigation of some important winter dynamics, and studies to date have largely been
unable to resolve the complex interactions among habitat, fish size, overwinter grOWth,
and survival (Quinn and Peterson 1996). In the second chapter of this thesis, I investigate
these interactions and present information on habitat related size-dependent growth and
survival of individually and categorically marked juveniles. Size-dependent factors may
be critical determinants of juvenile coho production, and their prevalence may have
substantial implications for how we model freshwater production (Holtby and Hartman
1982). The thesis provides some novel insight into the winter ecology of juvenile coho

because information on both individual fish and interior systems is lacking.




CHAPTER 1:
SEASONAL PATTERNS IN HABITAT RELATED MOVEMENT,
DISTRIBUTION AND ABUNDANCE OF JUVENILE COHO
SALMON IN INTERIOR STREAMS

Wild coho salmon (Oncorhynchus kisutch) salmon populations in the interior of
British Columbia are in a critical state. In some areas, forecasts under present marine
survival conditions do not predict a recovery of spawning stocks, even in the absence of
fishing mortality (CRT 1998). Thus, the design and implementation of an effective
regional conservation and restoration strategy is currently of great concern (Wood 1998,
Wood and Holtby 1998). An integral component of this strategy may be the preservation
of as large an extant population aggregate as possible in the region (Bradford 1998).
While management of escapement levels is critical to such an approach, it is also
important to protect the quality and quantity of habitat utilized by juveniles (CRT 1998,
Wood 1998). Yet information regarding the freshwater ecology of salmonids in interior
streams is sparse, especially for coho (Bustard 1986, Harding et al. 1994, Swales et al.
1986). Most of our understanding of seasonal patterns in juvenile coho abundance and
habitat use comes from research conducted in coastal streams (e.g., Bustard and Narver
1975; Fausch 1993; Hartman et al. 1996; Hbltby 1988; Nickleson et al. 1992; Peterson
1982b; Thedinga et al. 1989). How applicable this knowledge is to streams in the interior

of the province is largely unknown.

There are marked distinctions between interior and coastal regions that suggest
information from one region may not be directly relevant in the other. For example, the
temperate climate characteristic of coastal areas generally produces relatively warm, dry
summers and mild, very wet winters. High precipitation during winter months creates
dynamic, high energy environments. In such conditions, instream structures such as large
organic debris (LOD) that diffuse high flows are important for maintaining the physical
integrity of stream channels (Meehan 1991). They also provide important refuges for
stream dwelling organisms; fish affiliation with these structures has been showh to

increase with the onset of winter spates (Tschaplinski and Hartman 1983). Other



apparent adaptations to winter conditions in coastal streams include fish movement into
off-channel areas such as riverine ponds, ephemeral streams and swamps, and
groundwater tributaries (Bustard and Narver 1975, Cederholm and Scarlett 1981,
Peterson 1982a). These areas ha\;e been found to support a relatively high proportion of
the overwintering juvenile population in some streams (e.g., Decker 1998, Everest et al.
1986). For example, in Carnation Creek on Vancouver Island, approximately 20 % of
overwintering juvenile coho salmon were found in off-channel habitat (Brown and
Hartman 1988). There is considerable evidence from coastal streams that coho
freshwater production may be regulated in part by the availability and abundance of these
types of suitable winter habitat (Brown and Hartman 1988, Nickleson et al. 1992, Quinn
and Peterson 1996).

In contrast, hydrographs for most interior rivers generally peak with snowmelt in late
spring and early summer, while annual low flows occur during winter (Bustard 1986).
Although interior rivers fed by glaciers or significant alpine snow pack may exhibit
relatively high flows into October (Bustard 1994), freshet conditions in lower elevation
watersheds usually subside by mid-summer. In some interior streams, access to off-
channel habitat such as beaver ponds may only be possible during high water, creating
distinct patterns in seasonal habitat use by juvenile salmonids (Bustard 1986, Riley and
Lemieux 1998). Overall, the climate in the interior is generally much drier and has far
greater temperature extremes than the coast. During interior winters, low flows and cold
temperatures result in substantial ice cover in many streams, and sometimes de-watering
and freezing of off-channel areas (Bustard 1986). These conditions may create markedly
different winter mortality agents for juvenile salmonids compared to coastal streams. For
example, rather than having to contend with high winter flows, juveniles in intérior
systems may experience freezing, suffocation or increased predation due to stranding in
dewatered areas (Bustard 1986, Power and Mitchell 1994). In addition, low winter
temperatures may be associated with physiological stresses (Cunjak 1988b) that both
increase starvation risk (Gardiner and Geddes 1980; Riddell and Leggett 1981) and
decrease swimming ability (Cunjak 1996, Webb 1978), thereby making juveniles more

vulnerable to predation (e.g., Dolloff 1993, Hunt 1969). Overwinter movement and




distribution patterns may also differ in interior rivers. In areas lacking substantial
groundwater influence (Swales et al. 1986), accumullation of ice may require juveniles to
move out of off-channel areas during winter (Bustard 1986); the opposite of the pattern
observed in coastal streams. Groundwater discharge may therefore be especially critical
in cold water systems by providing important thermal refugia for overwintering fish
(Craig and Poulin 1975, Cunjak and Power 1986, Hunt 1969, Smith and Griffith 1994).
However, the importance of these habitat features in the overwinter ecology of juvenile

coho in interior streams is not well understood.

The primary objective of this chapter is to augment our understanding of juvenile
coho winter ecology in interior streams and in so doing, investigate some potential
differences between coastal and interior systems. Specifically, this chapter presents
information on habitat related movement, distribution and abundance of juvenile coho
during the winters of 1996 and 1997 in two interior streams. A secondary obj ective of
this chapter is to contrast results from this study to data from previous surveys of juvenile
coho distribution and abundance in interior streams, and to estimates of juvenile density
obtained in coastal regions. Although reliable historical information on juvenile coho in
interior streams is limited, results from this temporal analysis may be useful in the design
of future assessment programs. Comparison of interior and coastal results may provide

insight into potential differences in production dynamics between regions.

STUDY AREA
REGIONAL FEATURES

‘The study was conducted.in the North Thompson River watershed that draihs
approximately 21,000 km” of south-central interior British Columbia into the Thompson
and eventually the Fraser rivers (Figure 1.1, inset). The North Thbmpson River is an
important hydrologic component of this overall system and accounts for about 55 % of

the main Thompson’s flow with a mean annual discharge (MAD) of 424 m*-s™ (WSC



1999). The watershed is also notable with respect to salmon production and supports
populations of coho, sockeye (O. nerka), chinook (O. tschawytscha) and pink (O.
gorbuscha) salmon. Historically, interior populations formed an important component of
overall coho production in the Fraser River basin; roughly one-third of wild coﬁo
escapement in the system was to the upper river (Anon. 1997). Approximately 35 % of
adult returns to the Thompson spawned in the North Thompson watershed (Harding et al.
1994).

The North Thompson’s largest tributary is the Clearwater River (MAD =231 m’-s™;
WSC 1999) which roughly divides the watershed into two distinct physiographic units
(Figure 1.1). To the north and east, the upper North Thompson drains the Cariboo and
Monashee mountains, and finds its source only a few kilometers from the upper Fraser
River in rugged, high relief and relatively wet terrain (~ 700 mm rain and 200 mm snow
annually; Harding et al. 1994). South of the Clearwater, the lower North Thompson
drains the Shuswap Highlands and Thompson Plateau and flows through much drier (~
450 mm rain and 100 cm snow annually), lower relief terrain containing numerous small,
relatively productive fish lakes and streams (Harding et al. 1994). Differences in
physiography, hydrology and climate within the North Thompson watershed are
associated with several distinct biogeoclimatic zones with aquatic habitats of varying

productive capacities (Harding et al. 1994).

This study was conducted in the southern portion of the North Thompson watershed
in two nearby (< 20 km) tributaries of comparable size. Lemieux and Mann creeks both
flow in a south-easterly direction from the Thompson Plateau and join the North
Thompson River approximately 100 river km north of Kamloops (Figure 1.1). The
creeks are located in a region of the watershed with moderate precipitation, and exhibit
typical timing (mid-May peak) and duration (April to July) of spring runoff (Figure 1.2).
Although low flow and high water temperatures are thought to limit summer rearing in
the creeks dﬁring some years (e.g., Anon. 1992), both streams were historically. among
the most productive coho streams in the North Thompson watershed (Harding et al.

1994). Until 1990, Lemieux and Mann creeks, respectively, were among the system’s



major (> 1000 spawners) and significant (> 100 spawners) coho producers (Anon. 1992).
However recently, adult returns to the creeks have declined markedly. In Lemieux
Creek, the brood year (1996) for the second season of this study was the lowest
escapement year on record at 159 (£ 26) fish (Irvine et al. 1998).

‘Aquaﬁc community assemblages in Lemieux and Mann creeks are quite similar.
Both systems sustain relatively small stocks (< 100 adults) of chinook and sockeye
salmon, as well as resident populations of rainbow trout (O. mykis&) and sculpins (Cottus
spp.). Mountain whitefish (Prosopium williamsonii), and longnose and largescale
suckers (Catostomus catostomus and C. macrocheilus) are also present in the streams. Of
these, rainbow trout are the most abundant. Small numbers of brook trout (Salvelinus
fontinalis) are present in Mann Creek, likely due to dispersal from stocked populations in
headwater lakes. Adult bull trout (S. confluentus) have historically been observed in
Lemieux Creek, but no juveniles were encountered during this study. Mink (Mustela
vison), mergansers (Mergus merganser) and beaver (Castor canadensis) are the most
abundant mammals and birds. The former two along with resident parr and other fish are

likely the dominant predators of juvenile coho.

Lemieux and Mann creeks originate in the Sub-Boreal Spruce and Engelmann
Spruce-Subalpine Fir biogeoclimatic zones, and terminate in the Interior Douglas Fir
zone (Harding et al. 1994). Approximately 20% and 35% of the Lemieux and Mann
Creek watersheds, respectively, have been logged (1990 data), more than half of which
has occurred within the past 20 years (Harding et al. 1994). Portions of the upper
watersheds of both creeks are situated within the five-year planning zones of the region’s
major forest licensees. However, no industrial logging presently occurs in the lower
reaches of the creeks. Areas accessible to coho are located within the provincial
Agricultural Land Reserve, and land tenure in riparian areas is almost exclusively private.
Land-use impacts are dominated by agriculture (mostly cattle ranching) and

transportation corridors (e.g. Yellowhead Highway, CN railway, pipelines, and

transmission lines; Anon. 1995, Bradford and Irvine 1999).




STREAM FEATURES

Lemieux Creek is a fourth order stream (Johnston and Slaney 1996) with a total
mainstem length of 39.8 km and a watershed area of 454 km?. It joins the North
Thompson River at the town of Little Fort, 88 river km north of Kamloops. Lemieux
Creek has five tributaries and is fed by Taweel Lake, situated at mainstem km 26. The
creek also contains an artificial groundwater channel (Ianson channel) at mainstem km
7.6 that was constructed in 1988. Lemieux Creek has a mean annual flow of 2.8 m*- s,
and a peak daily flow of 30.1 m’-s™ (spring freshet; Sigma 1991; Figure 1.2). An
impassable waterfall at mainstem km 13.4 constrains Lemieux Creek’s anadromous reach
to the lower portion of an agricultural valley. The gradient of this reach is generally < 1.5
%, but increases along with substrate size upstream of mainstem km 8 (Harding et al.
1994, Sigma 1991). There is virtually no spawning and rearing habitat betweeh km 10
and the anadromous barrier (Stewart et al. 1983; this study). Previous adult and juvenile
coho surveys found fish almost exclusively restricted to the lower 8 km of stream (J.
Irvine, DFO, Pacific Biological Station, Nanaimo, B.C.; unpub. data; Anon. 1992;
Stewart et al. 1983). For these reasons, the reach upstream of km 10 was excluded from
study. Three tributaries (Eakin, Nehaliston and Demers creeks) are located downstream
of km 10, but all have relatively high gradients (> 1.5 %) and have been found to contain
limited spawning and rearing habitat (J. Irvine, DFO, Pacific Biological Station,

Nanaimo, B.C.; unpub. data). Therefore, tributaries were also excluded from study.

Mann Creek is a slightly smaller fourth order stream that drains 291 km? and has a
mainstem length of 56.7 km. It is fed by one tﬁbutary and two lakes and joins the North
Thompson River near the community of Blackpool, 10 river km south of the town of
Clearwater, and 107 river km north of Kamloops. Mean annual flow in Mann Creek is
3.0m’-s”, and peak daily flow is 41.3 m*+s™ (spring freshet; Sigma 1991; Figure 1.2).
There is an anadromous barrier in Mann Creek at mainstem km 11.2 (Anon. 1992)
however, a four metre high falls at km 4.7 also limits adult and juvenile access upstream.

* In addition, the highway culvert at mainstem km 1.6 is believed to deter adult and
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juvenile movement (Anon. 1992, Hutton et al. 1983). Gradient above the highway is
quite high, especially upstream of km 4.7 (~ 1.5 - 4 %; ARC 1997), and the stream
contains limited coho spawning and rearing habitat between the culvert and km 4.7
(Hutton et al. 1983). For these reasons, I excluded the portion of Mann Creek upstream
of mainstem km 4.7 from study. The reach downstream of km 1.6 contains the majority
of spawning and rearing habitat in the system and is meandering, low gradient and
constrained to the North Thompson River floodplain (Hutton et al. 1983). For
comparison, fish population information is compiled for both the accessible portion of the

creek (downstream of km 4.7), and the reach downstream of the highway culvert.

Both streams are the focus of limited long-term coho stock assessment programs in
the Thompson drainage. The DFO has operated an adult counting fence on Lemieux
Creek since 1993 (Atagi et al. 1999) and the North Thompson Indian Band began adult
enumeration on Mann Creek in 1997. The study streams are also among about a dozen
streams in the Thompson region where surveys of fall juvenile coho densities are

conducted annually. Smolt production has not been assessed in either system.
METHODS

HABITAT SURVEY

Detailed habitat surveys of the anadromous portions of both creeks were conducted at
the end of August 1997. Habitat surveys were not conducted in 1996; total stream area
and gross habitat characteristics (i.e., cover designations and habitat type) were assumed
constant between years. Photographs taken during each sampling period support this
assertion. The amount of mainstem (including and excluding riffles) and off-channel

habitat available during 1996 was summarized from 1997 information.

‘During the 1997 habitat assessment, the surveyor began at stream mouth and

proceeded upstream, classifying all habitat units as riffles, runs, or pools based on criteria

established by Johnston and Slaney (1996). Off-channel areas and braids were also
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mapped and measured and included in estimates of total stream area and length. For the
purpose of this thesis, mainstem or river length and area refer to measurements excluding
braids and off-channel areas. Habitat units were mapped by recording cumulative
distance (nearest metre) at the downstream and upstream end of each unit using a hip
chain. Poorly defined habitat units less than 1.5 times as long as their wetted width were
included as part of the length of the adjacent unit upstream. Depending on size and
uniformity of the unit, two to eight wetted and bankfull channel widths (nearest 0.1 and
0.5 m, respectively) were obtained for each habitat unit using a spring-loaded logger’s
tape. The wetted area of each habitat unit was estimated as the product of average wetted
width and the difference between cumulative upstream and downstream distances.
Estimates of the total area of each habitat type within a reach were calculated as the sum
of all individual unit areas. To facilitate relocation of habitat units selected for fish
population sampling, small numbered discs and flagging tape were placed at 200 m
intervals, and the cumulative upstream distance of these markers and the location of

potential access points were noted.

The surveyor also subjectively assigned a cover rating to each habitat unit based on a
visual assessment of percent cover. The purpose of this designéition was to facilitate
further stratification within habitat types, if necessary. Cover was categorized as large or
small woody debris, overhanging branches within 0.5 m of water surface, large boulders,
deep pools, and/or instream vegetation (after (Johnston and Slaney 1996). Units
containing less than 25 % cover (all types combined) were designated without cover.
Units containing more than 25 % cover, but with cover distribution only along stream
margins, were designated as having lateral cover. Units containing more than 25 % cover

with instream distribution were designated as having cover.

In both years, wetted area, percent cover, substrate composition, and mean depth and
flow were estimated for each sample site during each sampling period. In 1997, data

loggers were installed in each stream to record water temperatures in each reach. In

1996, surface water temperatures were measured daily throughout the sampling periods.
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POPULATION SAMPLING

Sampling periods

Population sampling was conducted during the fall, early winter and early spring in
both 1996 and 1997. I attempted to sample fish populations in both creeks 1) at the end of
the summer growth period and before fish redistribution prior to winter (the fall period),
i1) immediately before ice formation (the pre-winter period), and iii) immediately after
ice-off (the post-winter period). Thérefore for the purposes of this thesis, ‘winter’ is
defined as that period extending from the onset of ice formation and concomitant decline
in water temperature until the loss of the majority of surface ice prior to significant
increase in stream flow (Cunjak and Power 1986). This definition is considered to have
more biological relevance than one dependent on calendar dates (Cunjak 1996), but it
also means sampling dates were not consistent between years due to differences in stream
conditions. In 1996, fall, pre and post-winter sampling occurred in early October, late
November and early April, respectively. In 1997, sampling occurred in early September,
mid November and mid March. Post-winter sampling occurred later in 1996 because an
exceptionally cold winter delayed spring thaw. Fall and pre-winter sampling occurred

earlier in 1997 to ensure both periods were conducted prior to the onset of winter.

Sample sites

Some biologists have argued that because stream habitats vary in a fairly regular
pattern (e.g., pool-riffle), the amount of replication needed to obtain reliable abundance
estimates can be reduced by sampling long sections of stream that encompass a series of
habitat types. These sections may then be assumed to represent average fish densities in
a typical, or representative, stretch of stream (e.g., Holtby and Hartman 1982; but see
Hankin 1984). In 1996, this approach was adopted and a representative section sampling
design was applied in both study streams. Six sites in Lemieux Creek and five sites in

Mann Creek were selected for intensive population sampling. The 1996 sites were not
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selected randomly; Ianson groundwater channel in Lemieux Creek, two off-channel areas
in Mann Creek, and riverine ponds in both systems were selected a priori. Sites were not
selected randomly because the total number of off-channel areas was limited in both
streams. The remaining sites (four in Lemieux and two in Mann) were located in
mainstem areas of the streams, and some were chosen for comparison to historical
information. Limited juvenile coho sampling was conducted by DFO in Lemieux Creek
during 1993 and 1994 (Atagi et al. 1999), and several of their sites were resampled in
1996. Overall, sample sites were chosen to ensure adequate replication of both mainstem
and off-channel habitat types during 1996. For analysis, mainstem and off-channel areas
were considered separate strata, but no reach or other habitat type stratification was

applied.

In 1997, the sampling design was changed to address the high spatial variability in
fish distribution and abundance encountered in 1996 (Armour et al. 1983, Bohlin et al.
1982, Hall and Knight 1981). Information from the habitat survey was used to apply a
straﬁﬁed random sampling design. Simple random sampling was not used because
correlations between fish abundance and reach or habitat characteristics were expected
(Hankin 1984, Hankin and Reeves 1988). Differences in gradient, cover, substrate
composition, and previous information on fish densities (Atagi et al. 1999; 1996
sampling) was used to divide Lemieux and Mann creeks into three and two reaches,
respectively. Sample sites were then selected randomly from tabulated habitat survey
information within each reach. For analysis, each habitat type and reach combination
was considered a unique stratum. Runs were chosen by randomly selecting a pool in
each reach, and then including either the nearest upstream or downstream run with or
without cover. Oftf-channel sites were chosen randomly with one exception: Tanson
channel in Lemieux Creek (reach 2) was selected a priori. For logistical reasons, only
one riffle per reach was sampled in each creek. Coho abundance in riffle portions of
mainstem sites was consistently low in 1996, and higher effort was allocated to other
habitat types during 1997 to improve the precision of abundance estimates (e.g., see

Decker et al. In press, Riley and Korman 1995).
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Fish capture

The majority of fish were captured using Gee minnow traps (1/4 inch mesh) baited
with preserved salmon roe. Traps in riftles and runs were placed along stream margins.
Traps in off-channel areas and pools were distributed evenly throughout the sites. The
number of traps, time set, and time recovered were noted. Effort at each site was kept
relatively constant both within and among sampling periods, and traps were always
fished overnight and for a minimum of 18 h. This was done to avoid bias arising from

fish diurnal activity patterns (Heggenes et al. 1993).

Pole seining and electrofishing were also conducted to test gear selectivity for fish
size. Polé seining was generally ineffective because of low fish abundance, and sample
sizes were too low for analysis. In addition, electrofishing was sometimes employed in
riffles and runs where minnow traps were less effective due to swiftly flowing water.
However, electrofishing was not used extensively for several reasons. Firstly, the method
has been shown to inhibit fish growth (Dwyer and White 1997, Schill and Beland 1995,
Thompson et al. 1997), and therefore may have biased study results. Secondly,
electrofishing can be both harmful and less efficient at low water temperatures, and
therefore could not be employed effectively during the pre and post-winter sampling
periods. Finally, many sample sites were quite deep (> 1 m) and contained abundant

instream cover; both factors that can limit electroshocker efficiency (Rodgers et al. 1992).

Throughout the study, all fish were sampled at their capture site and anesthetized with
MS-222 (TMS, tricane methane sulphonate; stock solution: 10.0 g- 1" H,0; 45-55 ml

stock solution per 7.5 1 basin; final concentration = 0.07 g-1"). The amount of anesthetic
used varied inversely with water temperature, and the anesthetic bath waé changed
regularly to ensure proper dosage. Once anesthetized, all fish were counted and
identified to species. Chinook salmon, rainbow trout and other species were separated
and placed in a recovery basin or basket. Coho were measured (forklength to nearest

mm), marked, and a sub-set of at least 150 individuals per site were weighed (néarest

0.05 g). Scale smears were taken from approximately 50 coho greater than 60 mm each
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fall and post-winter sampling period. The presence of all marks, physical anomalies and
sampling mortalities was noted. Fish were released at their capture location once

sampling was complete.

Mass of non-weighed individuals was later predicted using linear regression of logo-
transformed length vs. mass relationships calculated by creek, year, period, and site
(1996) or habitat type (1997). Regressions were significant in all cases (p < 0.001) and 1*
values were consistently greater than 0.90. Individual condition factors were the
residuals from this regression (Keeley 1998), thus condition factor analyses are based on

weighed individuals only.

All fish capture, abundance and movement analyses (below) are based on non age-
selected data; corrections for age class were only applied in fish size, growth and survival

comparisons (see Chapter 2).
Capture probability

The mark recapture method was used to estimate abundance during the study (see
Abundance methods, below), and thus recapture probabilities were obtained at each site
during both fall and post-winter sampling. This information was compiled to assess
differences in capture probability between habitat types, sampling periods, creeks, and
years. Use of within period recapture probabilities minimized the potential effect of fish
mortality that may occur over longer time intervals. For each creek, year and sampling
period, recapture proportions in off-channels and mainstem areas (1996), and off-
channels and pools (1997) were contrasted using t-tests. Comparisons of other habitat
types were not possible due to low sample sizes (see Abundance results, below). Data for
all habitat types were then pooled, and comparisons were made between periods, creeks

and years.
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Fish marking

Sequential coded wire tags

In the 1996 fall sampling period, coho were individually marked using sequential
coded wire tags (s-cwt; Northwest Marine Technology, NMT, P.O. Box 427, Ben Nevis
Road, Shaw Island, Washington, U.S.A. 98286). S-cwt are 1 mm long by 0.25 mm
diametre sections of stainless steel wire that are inserted into the nasal cartilage of
juvenile fish. S-cwt are similar to conventional cwt used extensively by fisheries
agencies to collect stock assessment information. However, unlike conventional cwt, s-
cwt can be used to identify individuals or small batches of fish. S-cwt are binary coded
in six rows of -marks along their longitudinal axis: the Master, Data 1 (D1), D2, Agency,
D3, and D4 rows. The Master is used during decoding, the D1, D2 and Agency rows
relate general information about river system and tagging agency, and the D3 and D4

rows describe consecutive tag numbers.

S-cwt were implanted using an automated NMT MK-IV tagging machine. At the
beginning of the study, two tags were retained between each one implanted in order to
ensure tag codes were unique (one tag on either side of the one inserted so its number can
be interpolated, if necessary). However, the process was extremely time-consuming and
the‘tagging protocol was changed to retain tags every 15-25 individuals. This decision
was based on logistical and financial tradeoffs with other research objectives. A
correction factor was derived by dividing the tagging interval (difference between the
codes of the tags retained) by the number of fish tagged, and was used to identify
individual fish. Each tag group was comprised of comparably sized individuals to
minimize identification errors arising from within group variation in the correction factor.
The incidence of identification errors was likely small because the likelihood of
overlapping tag codes within each group is minimal (P. Ekstrom, NMT, personal

communication).
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Before commencing s-cwt application, the appropriate sized head mold was selected
and tagging machine needle length and bevel were aligned and sharpened. Two or three
anesthetized individuals were then tagged, given a lethal dose of anaesthetic, and
dissected to check proper tag placement in cartilage. Needle penetration and héad mold
size were adjusted as necessary and checked periodically throughout tagging. Fish were
anesthetized and their adipose fins were removed using small clippers prior to tagging.
Length and weight information was collected as each individual was tagged. Throughout
tagging, incidence of naturally absent adipose fins was noted and a device was used to
ensure each fish contained a tag. Juveniles were released at their capture location
following tagging; a random sub-set of 200-400 individuals were retained overnight to
assess 24 h tag retention and post-tagging mortality. This information was used to

calculate the number of tags released.
Other marks

During the 1996 fall and pre-winter periods, fish were also batch marked according to
capture location. Sub-dermal marks at a combination of anal and caudal fin locations
were applied using a Pan-Jet needleless injector (Wright Health Group Ltd. Kingsway,
West Dundee, DD2 3QD, Scotland; Tel. 01-382-833-866) filled with Alcian Blue dye
(Sigma Chemical Co. P.O. Box 14508, St. Louis, MO, 63178; Tel. 314-771-5750). Dye
was pre-mixed into a supersaturated solution of approximately 7 g- 1" distilled H,O. At
some capture locations, caudal fins were clipped instead of marked sub-dermally.
Consequently, two mark groups were encountered the following spring: the fall group
identifiable externally by an adipose fin clip and a Pan-Jet or fin clip mark, and the pre-
winter group identifiable by a Pan-Jet or fin clip mark only. During the post-winter
period, the fall mark group was sampled and then sacrificed by applying a 1ethai dose of
anaesthetic. Individuals were labeled and preserved for future tag extraction and
decoding. Pre-winter and unmarked fish were sampled, checked for marks, and released

at their capture location.
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In the autumn of 1997, s-cwt were not applied. Instead, juveniles were categorically
marked based on fall size class. Individuals were divided into six length categories: <60
mm, 60-64 mm, 65-69 mm, 70-74 mm, 75-79 mm, and >80 mm. Categories were chosen
based on preliminary analysis of the 1996 fall population length-frequency information.
Each category received a unique sub-dermal Pan-Jet mark. As in the fall of 1996, fish
were also marked according to capture location. However in 1997, capture location was
defined by habitat type, not sample site. Habitat type was identified by a cold-brand
applied in specific locations on either side of the dorsal fin. Fish in pools received a
different mark than fish in off-channel areas, and fish in runs were not branded (they only
received a Pan-Jet mark). Fish in runs did not receive a brand because extremely low
numbers made it logistically difficult. The 1997 marking scheme meant fish in pools in
reach 2 received the same mark as fish in pools in reach 1. Although limiting assessment
of juvenile movement patterns, the scheme was favoured over 1996 methods for several
reasons. Firstly, preliminary analysis of 1996 data revealed no consistent movement
patterns among reaches in either creek (see Movement results below). Secondly, the high
number of sample sites in 1997 precluded unique sample location marks. Thirdly, study

objectives centred on investigating potential differences among habitat types, not reaches.

During the pre-winter period in 1997, fish were also marked according to habitat type
location. Fish in pools received a lower caudal clip, while fish in off-channel areas
received an upper caudal clip. Almost no fish were captured in runs, and the few fish
found were not marked. Consequently, several mark groups were encountered the
following spring: fall captures identifiable externally by a Pan-Jet and cold-brand; fall
and pre-winter captures with a combination of Pan-Jet, cold brand and caudal clip marks;
and pre-winter captures identifiable by the presence of a caudal clip only. Throughout
1997, individuals were also checked for adipose clips representing 1996 juveniles that did

not smolt the previous spring. All adipose clipped fish were sampled, checked for

external marks, and sacrificed for subsequent s-cwt identification.
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Mark retention

In 1997, a mark-retention experiment was conducted at Bell-Irving Hatchery.on
Kanaka Creek, in Maple Ridge, B.C. The objectives were to assess Pan-Jet mark
longevity, and test whether the three Pan-Jet mark locations utilized during the study
exhibited differential mark loss rates. The potential influence of fish size on mark
longevity could not be assessed because hatchery fish were very similarly sized. Also,
hatchery coho were much larger than juveniles in study streams; the hatchery size range
only overlapped with the largest individuals in the wild population. At the beginning of
the experiment, coho were divided into three groups of approximately 175 individuals;
each batch received a unique Pan-Jet mark and a fin clip to identify experimental
grouping. Marking took place during early December 1997, fish were reared together in
one trough through the winter, and mark incidence was rechecked during early April .
1998. Overwinter mortalities preserved by the hatchery manager were also examined at

this time.

ABUNDANCE ESTIMATES

Abundance estimates were obtained at each sample site during the fall and post-
winter sampling periods using the mark recapture method. Fall marks used to identify
fish by size category and sample site were used to generate fall estimates. Small caudal
fin clips applied during initial post-winter sampling were used to generate post-winter
estimates. In both pertods, recaptures were performed 3 - 5 days after marking, and if
necessary, fish were remarked and sampling was repeated until higher numbers of
recaptures were obtained. During instances where multiple censuses were required (less
than 20 % of sessions; Appendices 1 and 2), recaptures were re-released to the marked
population. These recaptures were not identified with a secondary mark due to the
limited number of the total marks available, and concerns about potential sampling stress.

Although contrary to the recommended protocol, multiple censuses were only conducted
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at sites with small numbers of total captures. Therefore it is unlikely the modification

substantially biased overall abundance estimates (Ricker 1975).

‘The mark recapture method of estimating abundance was used instead of the removal
method for several reasons. As explained above, electrofishing was not appropriate for
the study, and therefore electrofishing depletions could not be conducted. Depletions
using traps were not used because they were considered too time consuming as traps
would have had to remain in streams overnight. There was also no suitable means of
retaining relatively large numbers of juveniles for 4 - 5 days at several different sample
locations. In addition, compared to the depletion method, the mark recapture method has
been shown to generate accurate estimates with less effort regardless of season, and
possibly time of day (Peterson and Cedarholm 1984; Rodgers et al. 1992). This may be
especially true when different gear types are used during marking and recapture (Ricker
1975). However as noted previously, it was not feasible to use alternate gear types in
many of the sample sites. Thus, bias arising from ‘trap-shy’ or ‘trap-happy’ behaviour
could only be addressed by waiting a minimum of three days between trapping events. It
was also not possible to isolate sample sites between marking and recapture, and
consequently populations could not be considered entirely closed. Potential bias arising
from fish movement was assessed using mark recapture information (see Movement
results, below), and comparisons of capture probability between habitat types (see Fish

capture results, below).

‘Abundance estimates at single census sites were generated using the Chapnian

modified Petersen mark recapture equation (Ricker 1975):

N = (M+1)(C+D)/(R+1) (1.1)
where,

= population estimate

number of fish marked

= catch or sample taken for census

number of recaptured marks in the sample

N
M =
C
R

Standard error (SE) was approximated by the equation (Ricker 1975):
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SE = V N°(C-R)/(C+I1)(R+2) | (1.2)

SE at multiple census sites was also estimated using Equation 1.2, but R = 3R, and C =
2C; (definitions below). Abundance estimates at multiple census sites were generated

using the Chapman modified Schnabel equation (Ricker 1975):

N = 2CMY/(R+1) (1.3)
where,

G = catch or sample taken at time t

M, = number marked at time t

R = JR, sum of recaptures at time t

Density and standing stock

The following equations were used to generate density and standing stock estimates

for the study streams (Hankin 1984, Hankin and Reeves 1988):

d = ij / &lj - (] 4)

var(d) = (N-n){c;-da)’ / nN(A/N)’(n - 1)

SS = Ad (1.5)

var(SS) = var(Ad) + second stage var = A’var(d) + NZo;Z/n

95% CL = 1.96 Vvar(SS)

SSstream = AYSS ( 1. 6)

var(SSsyeam) = 2var(SS) (1.7)

dstream = SSS”'@(I”I /Astream (1'8)
where,

d = density estimate for a particular stratum

cj = mark recapture estimate for j units in the stratum

a; = area estimate for j units in the stratum

ol = SE from Eq.1.2

n = number of the units sampled in the stratum

N = total number of the units in the stratum

A = total area of the stratum
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SS = standing stock estimate for the stratum in fish numbers
SSstream = standing stock estimate for the stream

Astream = area estimate for the stream, including and excluding riffles
siream = density estimate for the stream

Logo-transformed fish numbers were positively correlated with logo-transformed
sample site areas (m?) in both creeks during 1996 and Lemieux Creek in 1997 (ANOVA,
Lemieux 1996: r* = 0.57, n = 16, p = 0.02; Mann 1996: *=0.68,n= 14, p = 0.008;
Lemieux 1997: r* = 0.53, n =37, p = 0.001; Mann 1997: r* = 0.22, n = 20, p = 0.34).
Therefore, site densities instead of numbers were used estimate standing stock (Eq. 1.4;
Hankin 1984). During both years, standing stock estimates were generated by scaling up
fish densities by the area of each habitat type (1996) or habitat type/reach (1997) stratum
(Eq. 1.5). Howevef in 1996, standing stocks for the mainstem strata were calculated
based on area excluding riffles. Riffles were not included in estimates of total mainstem
area because sampling in both 1996 and 1997 revealed very low juvenile abundance in
riffles. In addition, for Mann Creek during 1996, standing stock was generated from
stream area downstream of Highway 5 only. Only seven individuals were captured
upstream of the highway during 1997 (Appendix 2a), and previous assessments of habitat
availability and spawner distribution in Mann Creek concluded the upper section supports
a very small proportion of overall standing stock (Anon. 1992, Hutton et al. 1983). In
both years, stratum estimates were summed to obtain standing stock for the whole stream
(Eq. 1.6). Variance in overall standing stock was the sum of individual stratum variances
(Eq. 1.7). Average stream density was calculated from estimates of overall standing
stock and total area (Eq. 1.8). During 1996, overall stream densities (dsyeum) are reported
in three ways: for stream area excluding riffles, for stream area including riffles, and in
Mann Creek, for stream area downstream of Highway 5 excluding riffles. During 1997,
overall stream densities are reported for stream area excluding and including riffles. In
each case SSy..m Was kept constant, only 4ge.n was modified. The different estimates of
dsiream Were generated for ease of comparison to historical information on juvenile coho
abundance in interior and coastal streams as juvenile abundance is often reported for total

accessible stream length or area (e.g., Marshall and Britton 1990).
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Sample site area, and fish abundance, density, and size information was assessed for
normality using a combination of probability plots and one-sample Kolmogorov-Smirnov

tests (Systat 1997). Logo-transformations were applied where appropriate. Error bars

~ for all non-transformed data are SEs. However, 95% confidence intervals are provided

for back-transformed information.

MOVEMENT ANALYSES

Mark recapture information

The study was not designed to investigate seasonal coho movement patterns in detail.
Rather, movement information was used qualitatively to assess broad scale movement
patterns among habitat types, and to distinguish between the potential effects of size-
dependent movement and mortality. Analyses were also conducted to determine whether
coho emigrated from the study streams prior to post-winter sampling. These questions
were primarily investigated using mark recapture information compiled by recapture site
(1996), habitat type (1996 and 1997), and initial fall sizé class (1996 and 1997). Only
individuals recaptured in a site or habitat type other than that in which they were
originally marked were included in analyses. Movement indices for each site, habitat

type and size class (MI ;) were calculated as the weighted proportion of recaptures given

the following:

Mi,;, = 2ri/Ri, , (1.8)

Ri,t = Nt-x'Mi, t-x (19)
where,

Pt = number of class i recaptures during period t

R, = potential number of class i recaptures during period t

Ny = total marks applied during period t-x

M .y = total marks applied in class i during period t-x

i = class of interest; either a site, habitat type or size class

X = period interval of interest; x=1 for fall to pre-winter and pre to

post-winter movement, x=2 for fall to post-winter movement
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Since only those fish recaptured away from their original mark location were included in
analyses, movement to a particular habitat type or site was weighted by (N,.; - M; ;) as
the number of potential recaptures was determined by those marked in all other classes.
This accounted for differences in initial mark proportions among classes. Size-dependent
movement (where i = size class) was assessed in a similar fashion, but in this case, R ; , =
N i x. To simplify presentation of results, only fall to post-winter movement (y=2) was
investigated in size-dependent analyses. Normality of all movement indices was assessed
ﬁsing probability plots and data were log;¢-transformed when necessary. Information
was then contrasted in three manners. Firstly, ANOVAs and t-tests were conducted on
data pooled from all fall size categories to analyze the potential effect of recapture site
(1996) and habitat type (1996 and 1997) on fish movement. Replicates for site.analyses
during 1996 were mark location, and data were complied for three sampling intervals: fall
to pre-winter, pre to post-winter and fall to post-winter. Replicates for habitat type
analyses in both years were sampling periods, and thus data are applicable to the winter
period as a whole. Secondly, distances moved by individual fish were compiled for both
creeks during 1996. Finally, ANOVAs were conducted for both years to determine the
effect of initial fish size on overwinter movement. In these analyses, replicates were fall

habitat type as defined by mark location.

Downstream fence trapping

In addition to mark recapture information, I used data from partial downstream fences
to assess juvenile coho movement during 1996. Each fence was a downstream
converging ‘V’ design (Conlin and Tutty 1979), and spanned approximately three-
quarters of each stream’s wetted width. Fences were installed during mid September to
investigate potential seasonal emigration from the study streams. Some researchers have
suggested juvenile coho may leave tributaries of the North Thompson prior to the onset
of winter, presumably for the purpose of overwinter rearing in the mainstem (e.g., Scott
et al. 1982, Stewart et al. 1983, Stewart and Matthew 1984). Trap boxes were checked at

least once every two days until mid December, and about twice monthly thereafter.
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Fences were operated until February 21, 1997 in Lemieux Creek and April 8, 1997 in
Mann Creek. The fence in Lemieux Creek was removed earlier because several rapid
freeze/thaw events had damaged the structure. The period of fence operation in both
streams also allowed the potential early emigration of pre-smolts prior to post-winter
sampling to be assessed. Fences were not re-installed in the fall of 1997 because fence

captures were low in both systems during 1996.
RELATIVE SURVIVAL

In both years, overwinter survival was estimated for each stratum and stream by
dividing post-winter standing stock (estimated number) by fall standing stock (estimated
number). Normality of survival rate estimates was assessed using probability plots and
data were arcsin-transformed when appropriate. Comparisons were made between
habitat types, streams and years using t-tests.

RESULTS

HABITAT SURVEY

Lemieux Creek

The total length and area of Lemieux Creek considered in the study were 12.72 km
and 106,900 m’, respectively. This was classified into 288 distinct habitat units (Table
1.1a). Riffles comprised 53 % of the usable stream area and 42 % of habitat units. Runs
encompassed 36 % of the stream area and 42 % of habitat units. Pools represented 3 %
of stream area and 7 % of habitat units. Off-channels comprised 8 % of stream area and
5 % of habitat units. Estimated usable length and area excluding riffles were 7052 m and
50,679 m?, respectively, comprised of 167 habitat units. This was further divided into
41,874 m*® (4923 m) of mainstem habitat and 8805 m? (2129 m) of oft-channel habitat.
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Wetted widths ranged from 5 to 25 m, averaging approximately 8 m. Channel width

ranged from 9 to 57 m, with an average of 18 m.

Lemieux Creek was stratified into three reaches approximately 5.4, 5.3 and 2.0 km
long, from downstream (reach 1) to upstream (reach 3), respectively. Substrate consisted
mainly of gravel and cobble in all reaches, with relatively high proportions of fines in
reach 2 and boulders in reach 1 (Table 1.2). Cover and off-channel and pool habitat types
were most abundant in reach 2, comprising 7.1 % of that reach’s area vs. 3.0 and 1.5 % of
reaches 1 and 3, respectively (Table 1.1a). Reach 2 was also the deepest overall (average

depth excluding riffles ~124 cm in November; Table 1.2).
Mann Creek

The total usable length and area of Mann Creek at the time of the survey were 6.01
km and 45,970 m?, respectively (Table 1.1a). This was comprised of 69 distinqt habitat
units, including a 1.3 km section immediately below the falls designated as a single riffle
where morphology was riffle-cascade (Johnston and Slaney 1996). Riffles comprised 49
% of the stream area and 36% of habitat units. Runs encompassed 17 % of usable area
and 32 % of habitat units. Pools represented 24 % of stream area and 19 % of habitat
units. Off-channels comprised 9 % of usable area and' 13 % of habitat units. Estimated
length and area excluding riffles was 3054 m and 23,291 m®, comprised of 44 separate
habitat units. The majority of stream area excluding riffles was located downstream of
Highway 5 (83 %; 19,396 m?). This reach consisted of 16,288 m* (1339 m) of mainstem
habitat and 3109 m” (719 m) of off-channel habitat. These were the area estimates used

in 1996 standing stock calculations.

During 1997, the section downstream of Highway 5 was referred to as reach 1 (2.55
km). Reach 2 (3.46 km) encompassed the usable portion upstream. Substrate consisted
mainly of gravel and fines in reach 1, and gravel and boulder in reach 2 (Table 1.2).
Average percent cover was greater than three times greater in reach 1, and reach 1

contained over 90 % of all available pool and off-channel habitat (Tables 1.1 and 1.2).
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Average depths excluding riffles were also greater in reach 1 (40 vs 118 cm; Table 1.2).
Wetted widths in Mann Creek ranged from 2 to 24 m, and averaged approximately 8 m.

Channel width ranged from 8 to 35 m, with a mean of approximately 18 m.

For Mann Creek as a whole, there were no apparent differences in fish abundance
among habitat types (see Abundance results, below). For this reason, habitat survey
information was stratified by cover designation to improve precision of standing stock
estimates. The stream was stratified into cover, lateral cover and no cover representing 4,
26, and 71 % of wetted area, respectively (Table 1.1b). The lateral and no cover strata
comprised the majority (90 %) of habitat units. In reach 1, the cover, lateral cover and no
cover strata comprised 7, 45, and 48 % of wetted area, respectively. For both reach 1 and
the stream as a whole, off-channels and pools accounted for over 90 % of the cover

stratum; runs and riffles generally had only lateral or no cover.

POPULATION SAMPLING

Sample sites

1996

During the fall of 1996, fish populations in Lemieux Creek were sampled in 4 % of
mainstem areas (9 % excluding riffles) and 60 % of off-channel areas (Table 1.3a).
Roughly 8 % of total stream area, and 18 % of stream area excluding riffles was sampled.
Avérage mainstem and off-channel sample site areas were 907 m” (7.2 by 142.3 m) and

2660 m” (10.4 by 297.5 m), respectively (Appendix 1a).

During the fall of 1996, fish populations in Mann Creek were sampled in 7% of
mainstem areas (16 % excluding riffles) and 66 % of off-channel areas (Table 1.3a).
These proportions increased to 15, 19 and 92 %, respectively, when only reach 1 was

considered. Roughly 13 % of the total area and 25 % of the area excluding riffles was
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sampled; proportions were 25 % and 30 %, respectively in reach 1. The average wetted
areas of mainstem and off-channel sample site areas were 1509 m? (10.0 by 153.8 m) and

957 m* (8.2 by 109.6 m), respectively (Appendix la).

In both Lemieux and Mann creeks, sites sampled during the pre and post-winter
periods during 1996 were identical to those sampled the previous fall (Table 1.3b). For
analysis, it was assumed the proportion of area sampled also remained similar. However,
during the post-winter period, small sections (= 60 m) both upstream and downstream of
the original site were also sampled. This was done in an attempt to recover as many fall
and pre-winter marks as possible. These sections were not included in calculations of
area sampled, and population estimates were not conducted in them; recovered marks

were only used in analyses of movement (see below) and individual growth (Chapter 2).
1997

During the fall of 1997, fish populations in Lemieux Creek were sampled in 10 % of
the usable wetted area (20 % excluding riffles; Table 1.4a). A total of 32 of 288 habitat
units were sampled. Areas sampled ranged from 33 to 79 % among pools and off-
channels only. Runs and riffles were sampled less intensively (< 1 to 19 % of wetted
area). Sample site areas in Lemieux Creek averaged 335.6 m” (49.1 by 8.9 m; Appendix
2a).

During the fall of 1997, fish populations in Mann Creek were sampled in 19 % of the
total stream area (33 % excluding riffles; 28 % excluding reach 2; Table 1.4a).
Proportions sampled within Mann Creek strata ranged from < 1 % (reach 2 pools without
cover) to 100 % (reach 1 pools with cover). A total of 20 out of 69 habitat units were
sampled, 15 of which were located in reach 1. Sample site areas in Mann Creek averaged
433.6 m* (38.1 by 10.3 m; Appendix 2a).

In both Lemieux and Mann creeks, sites sampled during the pre and post-winter

periods during 1997 were identical to those sampled the previous fall (Table 1.4b).
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However, several additional off-channel and pools sites were sampled during the post-

N

winter period.

Fish capture

Table 1.6 summarizes fish capture results for both streams and years, and appendices
1 through 5 provide site-specific information. The salient findings from these summaries
are the following. During the fall of 1996, a total of approximately 3000 juveniles were
found and marked in both streams, more than half of which were in off-channel sites (53
and 56 % in Lemieux and Mann, respectively). During pre-winter sampling, about 1500
juveniles were captured in both streams, 23 and 14 % of which were marked (Lemieux
and Mann, respectively). During post-winter sampling, roughly 2100 coho were captured
in Lemieux Creek, a total of 25 % of which were marked. In Mann Creek, about 1100
fish were captured during post-winter sampling, 22 % of these captures were marked.
During the fall of 1997, approximately 2100 and 1100 coho were found and marked in
Lerhieux and Mann creeks, respectively. Recapture proportions during pre and post-
winter sampling in Lemieux Creek were 29 and 60 %, respectively, and 23 to 34 %,
respectively, in Mann Creek. In both streams and years, captures of coho fry were higher

than for rainbow trout, chinook salmon, and sculpins (Appendix 3).
Capture probability

No habitat related differences in capture probability were found during any sampling
period, for either creek or year (Bonferoni adjusted pooled variance t-tests, all p > 0.05).
Therefore, recapture proportions were pooled for each sampling period. For post-winter
sampling during 1997, capture probability was sighificantly greater in Lemieux than in
Mann (Bonferoni adjusted pooled variance t-test, t = 3.07, df = 24, p = 0.005). In
addition, for Lemieux Creek during post-winter sampling, capture probability was
significantly greater in 1997 than in 1996 (Bonferoni adjusted separate variance t-test, t =
-2.92,df=14.8, p=0.01). However in general, consistent differences in capture

probability between periods, creeks and years were not apparent.
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Gear selectivity

Tests of gear selectivity for fish size were conducted in both creeks during the fall of
1996. In both streams, minnow trapped juveniles were on average both longer, and
weighed more than electroshocked fish (Table 1.5). However, these differences were
generally not significant in either creek (Bonferoni adjusted pooled variance t-tests,
Lemieux logFL: t = -3.03, df = 6, p =0.05; Lemieux logWT: t = -0.44, df = 6, p = 0.68;
Mann logFL: t = 0.38, df = 5, p = 0.72). Similar analyses could not be conducted in 1997
due to sampling constraints and very low juvenile abundance in areas suitable for

electrofishing.
Mark retention

Results from the experiment conducted at Kanaka Creek Hatchery during 1997
indicated Pan-Jet mark retention rates were very high (> 97 %) for all three fin locations
analyzed. Previous studies have also found Pan-Jet marks with Alcian Blue dye to be
reliéble for over six months (Herbinger et al. 1990, Laufle et al. 1990, Pitcher and
Kennedy 1977, Thedinga and Johnson 1995). For these reasons, fish capture results are

not corrected for mark loss over the winter period.

ABUNDANCE ESTIMATES

Density and standing stock

1996 - Fall

During fall sampling in Lemieux Creek, overall juvenile coho density was 1.25
fish- m (SE = 0.39) for the stream excluding riffles, and 0.59 fish- m™ for the stream

including riffles (Table 1.3a). Average juvenile coho density in Lemieux Creek
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mainstem runs and pools was 1.19 fish- m™ (SE = 0.16), while average density in off-
channel areas was 1.56 fish-m™ (SE = 0.17). Log,o-transformed densities were not
significantly different between strata (separate variance t-test, t =-0.21, df =5.5,p=
0.84). Standing stock was estimated at 63,450 (£ 29,030) coho, with 78 % (49,690 +
28,780) fish in mainstem areas, and 22 % (13,770 £ 3780) fish in off-channel areas.

Juvenile densities in Mann Creek during the fall of 1996 were higher than in Lemieux
Creek (separate variance t-test, t =-2.31, df = 12.5, p = 0.04). ). During fall sampling in
Mann Creek, overall juvenile densities were 2.82 fish- m™ (SE = 0.38) for reach 1
excluding riffles, 2.08 fish- m™ for reach 1 including riffles, and 1.05 fish- m™ for the
entire stream (Table 1.3a). Average coho density in Mann Creek mainstem runs and
pools was 2.34 fish- m™ (SE = 0.30), and average density in off-channel areas was 3.30
fish-m™ (SE = 0.33). Logo-transformed density estimates were not significantly
different between strata (separate variance t-test, t = 0.4, df = 4.6, p = 0.97). Fall
standing stock in Mann Creek was 48,325 (= 17,460), with 79 % (38,065 + 17,260) coho

in mainstem runs and pools, and 21% (10,260 + 2617) coho in off-channel areas.
1996 — Post-winter

During post-winter sampling in Lemieux Creek, overall juvenile coho density was
0.43 fish-m™ (SE = 0.13) for the stream excluding riffles, and 0.20 fish- m™ for the
stream including riffles (Table 1.3b). Pre-smolt density in Lemieux Creek mainstem runs
and pools was 0.43 fish- m™ (SE = 0.56), while in off-channel areas it was 0.42 fish+-m™
(SE = 0.38). As during the previous fall, logo-transformed fish densities were not
significantly different between strata (separate variance t-test, t = 0.39, df = 5.7, p=
0.71). Post-winter standing stock in Lemieux Creek was 21,630 (+ 8400), with 83%
(17,900 + 8260) coho in mainstem areas, and 17% (3730 = 1525).

In contrast to the fall, post-winter juvenile density during 1996 was not significantly

different between creeks (separate variance t-test, t = -1.81, df = 12, p = 0.10). During
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post-winter sampling in Mann Creek, pre-smolt densities were 1.03 fish- m? (SE = 0.19)
for reach 1 excluding riffles, 0.83 fish- m™ for reach 1 including riffles, and 0.42 fish- m™
for the entire stream (Table 1.3b). As during the fall, densities were not significantly
different between mainstem runs/pools and off-channel strata (separate variance t-test, t =
-0.13, df = 4.7, p=0.91). Juvenile density in mainstem areas was 0.96 fish-m™ (SE =
0.59), and in off-channels it was 1.09 fish- m™ (SE = 0.89). Post-winter standing stock in
Mann creek was 19,325 (+ 9900) coho, with roughly 83 % (15,940 + 9835) of fish in

mainstem areas and 17 % (385 £ 1105) in off-channel areas.

In both Lemieux and Mann creeks throughout 1996, relative fish abundance in off-
channels and mainstem runs and pools was comparable to overall availability of these
habitat types in each stream. Approximately 20 % of juvenile coho standing stock
estimafes were attributed to off-channel areas (Table 1.3) and in both streams, off-

channels accounted for about 20 % of total stream area excluding riffles (Table 1.1a).

1997 - Fall

Fall standing stock in Lemieux Creek during 1997 was estimated to be 11,250 (
4760) fry. All juveniles were present in either mainstem pools or off-channel areas
(Table 1.4a). However, these habitat types accounted for only 12 % of the usable stream
area and 11 % of habitat units (Table 1.1a). Captures in runs and riffles were cbnsistently
too low to generate population estimates (Appendix 2a). Although no significant
differences in log)(-transformed fish densities were found among habitat type/reach strata
where estimates were obtained (GLM, F = 0.82, n = 14, p = 0.57), reach 2 off-channels
contained the highest proportion of overall fall standing stock in Lemieux Creek (55 %,;
6230 of 11250 fish). However, the stratum accounted for only 11 % of stream area
excluding riffles (5548 of 50678 m?; Table 1.4a). Within the reach 2 off-channel stratum,
44 % of estimated numbers were from one site, lanson groundwater channel (2737 of
6230 fish; Appendix 2a). Ianson channel also accounted for 24 % of total coho standing
stock in Lemieux Creek (2737 of 11250 fish), but only 4 % of stream area excluding

riffles (2166 of 50680 m?). However, coho density in Ianson channel (1.26 fish- m™) was
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not the highest observed in Lemieux Creek during fall sampling (4.92 fish-m™;
Appendix 2a). Fall fry densities within strata ranged from 0 fish- m™ in reach 3 off-
channels and all runs and riffles to 1.49 fish-m™ (SE = 2.23) in reach 1 pools. Fall
juvenile coho density in Lemieux Creek was 0.22 (SE = 0.65) fish- m™ for the portion
excluding riffles, and 0.11 fish- m™ for the entire creek (Table 1.4a).

Fall standing stock in Mann Creek during 1997 was estimated to be 7,885 (£ 1715)
fry. All jﬁveniles were present in either pools or off-channel areas in reach 1, but these
habitat types accounted for only 30 % of usable stream area and 25 % of habitat units
(Table 1.1a). Only seven coho were found in reach 2, and captures in runs and riffles
were consistently too low to generate population estimates (Appendix 2a). Reach 1 pools
with cover (stratum 1) accounted for the highest proportion (50 %; 3905 of 7885 fish) of
overall standing stock, despite the fact this stratum represented only 4 % of total stream
area excluding riffles (825 of 23291 m?; Table 1.4a). Furthermore, just one site
accounted for 69 % of estimated total abundance within stratum 1 (2692 of 3905 fish;
Appendix 2a). This site also represented 34 % of estimated standing stock in the entire
stream (2692 of 7885 fish), but only 1 % of stream area excluding riffles (256 of 23,291
m?). Fall fry density in this site during 1997 was-10.51 fish-m ™, three times higher than
the next highest density site (Appendix 2a). The site was located at the outlet of 1996’s
beaver pond off-channel site that also exhibited the highest juvenile fall abundance (4.53
fish-m? Appendix 1a). However, high water during the spring of 1996 caused
substantial changes in stream structure between years and altered hydrology resulted in
the site being reclassified as a mainstem pool in 1997 rather than an off-channel area.
Overall, fry density in stratum 1 was 4.75 fish- m™, while densities in other strata ranged
from 0 fish- m ~ (all of reach 2 and pools without cover, runs and riffles in reach 1) to
0.95 fish-m  (reach 1 pools with lateral cover; Table 1.4a). Logjo-transformed fish
densities differed among strata were estimates were obtained (GLM, F=8.30,n=8,p =
0.03). Fall coho density in Mann Creek was 0.34 (SE = 0.17) fish- m™ in reach 1 only,
0.17 fish+- m™ for the entire creek, and 0.33 fish- m™ for the portion excluding riffles

(Table 1.4a). In contrast to 1996, no significant differences in log,o-transformed fall
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densities were found between streams (separate variance t-test, t =-1.61, df = 18.5,p =

0.12).
1997 — Post-winter

Post-winter standing stock in Lemieux Creek during 1997 was estimated to be 5170
(£ 1475), and again, the highest proportion of coho were present in reach 2 off-channels
(56 %; 2904 of 5170 fish; Table 1.4b). As in the fall, captures in reach 3 off-channels
and in runs and riffles were too low to generate abundance estimates. Ianson channel still
accounted for the majority of estimated numbers in the reach 2 off-channels stratum (50
%; 1464 of 2904 fish; Appendix 2b), and 28 % of estimated numbers in the entire stream
(1464 of 5170 fish). However, pre-smolt density in Ianson channel (0.68 fish- m™) was
not the highest observed in the stream (2.29 fish- m?; Appendix 2b). Pre-smolt densities
in Lemieux Creek ranged from 0 fish- m™? (reach 3 off-channels and all runs and riffles)
to 0.47 fish- m™ (reach 1 pools). These strata corresponded to strata with the extremes in
fall densities. However in contrast to the fall, log¢-transformed post-winter densities
were significantly different among strata where estimates were obtained (GLM, F = 7.47,
n =19, p = 0.002). Overall post-winter density in Lemieux Creek was 0.10 (SE = 0.20)
fish- m™ for the portion excluding riffles 0.05 fish- m? for the entire system, and (Table
1.4b).

Post-winter standing stock in Mann Creek during 1998 was approximately 3,690 (£
735) coho and again, all standing stock was attributed to pools and off-channel areaé in
reach 1 (Table 1.4b). Although the pools with cover stratum (stratum 1) exhibited the
highest pre-smolt densities (1.55 fish- m™; SE = 1.82), the majority of standing'stock (65
%) was found in reach 1 pools with lateral cover (stratum 2; 2394 of 3690 fish). In
comparison to stratum 1, stratum 2 had a larger area (2409 vs. 825 m?) but only slightly
lower density (1.06 vs. 1.55 fish- m™; Table 1.4b). Indeed, differences in logio-
transformed densities among strata were not significant (GLM, F =2.02,n =8, p = 0.23).
As during the previous fall, the old beaver pond site accounted for the majority of

estimated stratum 1 standing stock (71 %; 900 of 1259 fish), and 24 % of standing stock
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for the entire stream (900 of 3690 fish; Appendix 2b). Density in that site remained very
high at 5.63 fish - m™, more than three times higher than the next highest density site in
the stream (Appendix 1b). Post-winter coho density in Mann Creek was 0.16 (SE = 0.10)
fish-m™ in reach 1 only, 0.08 fish- m™ for the entire creek, and 0.16 fish+- m™ for the
portion excluding riffles (Table 1.4b).

In contrast to 1996, standing stock estimates for the different habitat type/reach strata
were not comparable to the overall availability of these strata in the streams. In each
creek, one stratum accounted for 50 to 65 % of estimated standing stock, but only 4 to 11
% of stream area excluding riffles. Two sites in particular, lanson channel in Lemieux
Creek and the old beaver pond site in Mann Creek, accounted for approximately 24 — 34
% of total standing stock during both fall and post-winter sampling periods, but less than

5 % of each stream’s area excluding riffles (Table 1.4; Appendix 2).
'Diﬁ’e};ences between years

Marked between year differences in juvenile coho densities and standing stocks were
found during both sampling periods. Although differences were not significant in Mann
Creek, logjo-transformed coho densities were higher in1996 compared to 1997
(Bonferoni adjusted separate variance t-tests, Lemieux, fall: t = 3.24, df = 14.9,_p <0.01;
post-winter: t = 2.12, df = 22.6, p = 0.05; Mann, fall: t = 1.90, df = 7.6, p = 0.10; post- -
winter: t = 1.59, df = 8.3, p = 0.15). Logo-transformed standing stock estimates were
also generally higher in 1996 compared to 1997 (Bonferoni adjusted separate variance t-
tests, Lemieux, fall: t = 2.94, df =5.9, p=0.03; post-winter: t = 2.55, df = 5.7, p = 0.05;
Mann, fall: t = 3.10, df = 2.5, p = 0.07; post-winter: t = 1.79, df = 2.9, p=0.17). Results

were minimally different when standing stock estimates based on biomass were used

instead of numbers.
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MOVEMENT ANALYSES

Mark recapture information

Overall, relatively few juvenile coho were recaptured in locations other than where
they were initially marked. Thus, sample sizes for all analyses are relatively small and

are noted in Figures 1.3 — 1.5 and Appendices 4 and 5.
Effect of site and habitat type

Movement indices were log-normally distributed in all cases. Thus, analyses
focussed on differences among sites and habitat types where fish were recaptured,;
locations with no recoveries were excluded. Overall, no significant movement trends
among sites were found in either creek during 1996 (GLM, p > 0.05 for all intervals in
both creeks). Visual comparison of data pooled from all mark locations in both streams
revealed an apparent trend towards higher numbers of recaptures at sites located further
upsvtream (e.g. Figure 1.3: b, c, ). The only exception to this pattern was in Mann Creek
during the fall to post-winter interval (Figure 1.3, f). In 1996, movement indices also did
not appear to be consistently affected by habitat type in either creek. There were no
significant differences between movement into off-channels from mainstem areas and
movement into mainstem areas from off-channels (pooled variance t-tests, Lemieux: t =
0.50, df = 4, p = 0.64; Mann: t = 0.05, df = 4, p = 0.96; Figure 1.4). However in 1997,
juvenile movement did appear to differ between habitat types. In Lemieux Creek,
movement into off-channels from pools was greater than into pools from off-channels
(pooled variance t = -3.79, df = 4, p = 0.02), whereas in Mann Creek, movement into
pools from off-channels was greater than into off-channels from pools (pooled variance t
=4.98,df =4, p=0.01; Figure 1.4).
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Individual movement

Overall, the furthest distance moved by an individual fish in a downstream direction
was about 6550 m; in an upstream direction it was approximately 4600 m (both in
Lemieux Creek; 1996 only). Movement of this magnitude occurred between pre and
post-winter sampling and between fall and post-winter sampling. Less individual
movement was observed between fall and pre-winter sampling. Changes in the 1997
sampling design precluded similar assessment of directional movement. However, most
1997 pre and post-winter recaptures were found in either lanson channel in Lemieux
Creek or in the old beaver pond site in Mann Creek, both of which are located relatively
far upstream. This likely contributed to the previous observation that coho moving in
Lemieux Creek during 1997 were more likely recaptured in off-channels over pools, and
fish moving in Mann Creek during 1997 were more likely recaptured in pools over off-

channels.
Size-dependent movement

Results of size-dependent overwinter movement were not significant for either stream
or year (Figure 1.5). Fall size class did not appear to affect juvenile movement from
mainstem or off-channel areas in 1996 (GLM, Lemieux: F=0.71,n= 15, p = 0.63;
Mann: F = 0.75, n = 10, p = 0.60), or movement from pools or off-channels in 1997
(GLM, Lemieux: F=0.12,n= 10, p = 0.98; Mann: F = 0.56, n= 3, p = 0.60).

Downstream fence trapping

Downstream fence captures did not suggest concerted emigration to the North
Thompson mainstem during autumn or prior to post-winter sampling (Figure 1.6). Fence
captures were quite consistently low throughout the winter, and did not appear to be
associated with stream temperature in either stream. No coho were captured at the

Lemieux Creek fence during late winter, and although some juveniles were captured in

Mann Creek during late February, it seems unlikely this represented concerted emigration
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as captures were low the next time the fence was checked in mid March. The size of the

fish captured in Mann Creek during late February was comparable to average juvenile

size in the stream during the post-winter period (FL range 56 - 92 mm vs. average 63.1

mm; see Chapter 2, Table 2.2).

RELATIVE SURVIVAL

Overwinter survival rates were generally quite consistent among habitat types, creeks
and years (Table 1.7). No significant differences in log)o-transformed survival rates
were found between creeks in either 1996 or 1997 (pooled variance t-tests, 1996: t = -
0.93,df =2, p=0.45; 1997: t = 0.06, df = 7, p = 0.97). Consequently, data from both
streams were pooled. During 1996, differences in log)¢-transformed survival between
off-channel areas and mainstem pools and runs were also not significant (Bonferoni
adjusted pooled variance t-tests, t = 2.12, df = 2, p = 0.17), and differences between pools
and off-channels were not observed in 1997 (Bonferoni adjusted pooled variance t-tests, t
=2.25,df =7, p=0.06). However in Mann Creek during 1997, the pools with lateral
cover stratum exhibited survival rates greater than 100 %, which indicates fish movement
into this stratum may have occurred overwinter. This is corroborated by fish movement
results for 1997 (above). Overall, survival rates were also not significantly different
between years (separate variance t-test, t = -0.03, df = 10.1, p = 0.98). Overwinter

survival rates averaged 34.1 £ 1.4 % in 1996 and 34.3 + 1.7 % in 1997.

" DISCUSSION

‘The proportion of area sampled during juvenile coho population surveys was
relatively high throughout the study in both creeks and years (ranged from 18 to 30 %
during 1996, and from 20 to 33 % during 1997 for stream areas excluding riffles).
Consequently, results on fish abundance and distribution are likely good representations

of actual numbers and habitat use patterns in the study streams. Results from stream-
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wide mark recaptures conducted by DFO during the fall of 1997 support this assertion.
The DFO mark recapture estimate of standing stock in Lemieux Creek was 10,430 (+
1048 fish), and in Mann Creek it was 6730 (£ 517 fish; J. Irvine, DFO, Pacific Biological
Sfation, Nanaimo, B.C.; unpub. data). Both values are within the confidence intervals of

estimates obtained during this study using stratified random sampling.

Results from this study indicate juvenile abundance in both streams was low
throughout 1997. Overall fall densities were about 0.15 fish-m™ in both streams, lower
than densities observed in 1996 (0.59 and 1.05 fish-m™ in Lemieux and Mann
respectively) and 1993 (~ 0.3 fish-m™ in Lemieux assuming similar stream area as 1997,
J. Irvine, DFO, Pacific Biological Station, Nanaimo, B.C.; unpub. data). It is not known
which, if any fall abundance level is ‘typical’ for these systems. However, low fry
abundance during 1997 did appear to affect pre-smolt standing stock and density
measured during post-winter sampling. Pre-smolt abundance in 1996 was roughly four

times greater than 1997 in Lemieux Creek, and five times greater than 1997 in Mann

Creek.

Considerable changes in stream morphology may have accounted for some of this
difference in abundance between years. Notably, riverine ponds in both streams were
obliterated by spring freshet conditions in early 1997. These areas have been shown to be
important to overwintering juvenile coho (Brown and Hartman 1988, Cederholm and
Scarlett 1981, Decker 1998, Everest et al. 1986,vPeterson 1982a, Peterson 1982b), and the
availability of suitable winter habitat may be one factor regulating juvenile production
from streams (Hartman et al. 1996; Nickelson et al. 1992; Swales and Levings 1989).
However, habitat changes were likely insufficient to explain the observed differences in
both fry and pre-smolt abundance. Low 1997 abundance may also have resulted from
underseeding of the streams. In Lemieux Creek, escapements during 1996 (the brood
year for 1997) were the lowest on record for that stream (159 + 26 fish, ~ 5 females-km”
", almost six times lower than escapement in 1995 (921 + 179 fish, ~ 33 femaleskm™';

Irvine et al. 1998). These results suggest smolt production in the study streams may have

been escapement limited during 1997, and may provide some insight to the production
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dynamics of interior streams when adult abundance is low. Other studies have also
suggested productive output may be limited at spawner levels less than 19 females-km™

(Bradford et al. In Press, Wood 1998).

Observed abundance during 1997 was also much lower than predicted productive
capacity based on an empirical regression model developed using smolt data from coastal
streams and estimates of accessible stream length and area (Marshall and Britton 1990).
Assuming negligible mortality after post-winter sampling, and a 10 % incidence of two
year old smolts (Hutton et al. 1983), smolt output during 1997 approximated 4600 fish (~
0.04 smolts-m™; 0.36 smolts-m'l) in Lemieux Creek, and 3300 fish (~ 0.07 smolts-m™;
0.55 smolts-m™') in Mann Creek. These numbers are likely overestimates as pre-smolt
mo.rtalityvhas been shown to be quite high (e.g., Irvine and Ward 1989, McMahon and
Holtby 1992). Nonetheless, predicted productive capacity from the Marshall and Britton
regression model was much higher at roughly 16,000 smolts (~ 0.15 smolts-m™?; 1.26
smolts-m™) in Lemieux, and 7500 smolts (~ 0.16 smolts-m; 1.25 smolts-m™") in Mann.
However, smolt production during 1996 was both greater than in 1997, and greater than
predicted capacity from the Marshall-Britton model. Given similar assumptions as
above, smolt output during 1996 approximated 19,500 fish (0.18 smolts-m™; 1.53
smolts:m™) in Lemieux, and 17,500 fish (0.38 smolts-m™; 2.91 smolts-m™) in Mann.

1996 estimates were on the high end of productivity measures from coastal streams

where densities typically range from 0.1 to 0.8 smolts-m™, or 0.60 to 3.0 smolts-m™
(Bradford et al. 1997, Marshall and Britton 1990). 1997 estimates were on the low end of
this range. Overall, these results do not suggest interior streams have inherently lower
productive capacity than coastal streams (e.g., see CRT 1998). Data from 1996 indicate
that if adequately seeded, interior systems may exhibit production levels comparable to
those of coastal streams. However, this study’s production estimates are approximate and
streams may not be représentative of other interior systems. Further research and more

rigorous estimation of smolt output from interior streams are required to effectively

address the issue of differential productive capacities between regions.
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Results from this study suggest relatively short, low gradient streams on the North
Thompson River floodplain such as Mann Creek may contribute much more to overall
coho production in the region than previously recognized. Historically, much more
attention has been directed to systems with quite long anadromous rearing reaches, such
as Lemieux Creek (e.g., Harding et al. 1994, Hutton et al. 1983, Whelen and Lister 1985).
However in this study, both fall and post-winter population estimates were similar
between study streams, despite the fact that rearing in Mann was limited to the lower 2.5
km (23,200 m?) of stream compared to an approximately 10 km (92,400 m?) reach in
Lemieux. In addition, although Whelen and Lister (1985) observed limited movement of
coho juveniles into some North Thompson tributaries during late summer, it seems
unlikely the majority of the overwintering population in Mann Creek was spawned in the
North Thompson. Previous studies have shown the lower reach in Mann contains both
good quality rearing and spawning habitat (Anon. 1992, ARC 1997, Hutton et al. 1983).
The regional importance of relatively small systems such as Mann Creek may be similar
to the significance of small low land tributaries in coastal areas (Anon. 1997). Streams of
this type in both regions are particularly vulnerable to anthropogenic impacts from

development and agriculture (Bradford and vaine 1999, Dorcey and Griggs 1991).

This research did not reveal substantial emigration from either study stream to the
North Thompson mainstem during late fall. Relatively high numbers of captures in Mann
Creek immediately following fence installation may have arisen from non-directed in-
stream movement as captures did not remain high for more than a few days. This is
counter to some studies ihat observed limited fall movement out of tributary steams
(Scott et al. 1982, Stewart et al. 1983, Stewart and Matthew 1984). Therefore, it is
possible there may be at least two rearing strategies for coho in the region (Harding et al.
1994). In some streams, fry may move into the North Thompson mainstem to rear
overwinter. However, results from this study suggest that in most systems, a larger
proportion of juveniles may rear and overwinter in their natal streams. Significant late
winter movement out of tributary streams was also not found during the study, and there

was no evidence to suggest emigration of juveniles was size-dependent. A study of

juvenile coho winter movement patterns in coastal B.C. streams also did not show
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significant size-dependent early emigration from artificial groundwater channels (G.
Giannico, Institute for Resources and Environment, University of British Columbia,

Vancouver, B.C.; unpub. data).

Consistent seasonal movement patterns were also not evident within creeks during the
study. In contrast to findings from coastal streams (e.g., Cederholm and Scarlett 1981,
Peterson 1982a), there did not appear to be any significant movement of juvenile coho
into off-channel areas prior to the onset of winter. Fish abundance in off-channel sites
remained relatively high throughout both years, suggesting juvenile use of these areas
began prior to fall sampling. This is supported by previous studies in interior streams that
indicated salmonid movement into off-channel habitat may be associated with freshet
conditions during spring and early summer (Bustard 1986, Swales and Levings 1989). In
streams with low autumn and winter discharge, fish access to these areas may be limited
to periods of relatively high water (Bustard 1986, Bustard 1994, Riley and Lemieux
1998). Furthermore, off-channel areas with groundwater influence may provide
important thermal refuge from high summer water temperatures (Cunjak 1996, Riley and
Lemieux 1998, Swales and Levings 1989).

Although autumnal movement into off-channel habitat was not evident during the
study, off-channel areas did support relatively high proportions of the overwintering
population in both streams. In 1996, the proportion of juveniles found in off-channel
areas (~ 20 %) was close to that reported for some coastal streams (Brown and Hartman
1988, Decker 1998, Everest et al. 1986). Relative fish abundance in off-channels during
1996 was also comparable to overall availability of this habitat type in both streams.
However, fish use of off-channels in Lemieux Creek and mainstem pools in Mann Creek
was much greater than the proportions available during 1997. For example only twd
sites, lanson groundwater channel in Lemieux and the old beaver pond site in Mann,
accounted for about 30 % of juvenile standing stock during both fall and post-winter
sampling, but less than 5 % of stream wetted area. Although gfoundwater channels have

been shown to be used extensively by overwintering juveniles in coastal streams (Decker

1999, Everest et al. 1986), the importance of beaver ponds, especially in low gradient
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flood plain systems, has not been as thoroughly demonstrated (Riley and Lemieux 1998,
Schlosser 1995). In some circumstances, beaver activity is believed to impede fish
movement (Anon. 1992, Ptolemy 1983). However, results from this study emphasize the

importance of both of these habitat types in interior streams.

The distribution of fish (Fraser and Sise 1980, Gillis and Kramer 1987) and other
organisms (Taylor et al. 1978) may vary among habitat types depending on density. At
high levels of abundance, juveniles may be distributed relatively evenly throughout
suitable rearing areas. However at low levels of abundance, only preferred habitat may
be utilized. The contrast in overall abundance observed between years during this study
provides some insight to these patterns for juvenile salmonids. During the relatively low
abundance year in 1997, coho were distributed in a highly clumped spatial pattern and
were predominantly found in two off-channel and mainstem pool sites. Fish use of these
sites was sometimes three orders of magnitude greater than observed at those same
locations during 1996, when overall abundance was much higher. Results from this
study confirm some habitats may support relatively high densities of juveniles, even

~ when total numbers in the stream are low.

It has been shown that at escapement levels sufficiently low to limit freshwater
production, spawner distribution and fry dispersal patterns may influence fish habitat use
in streams (Lestelle et al. 1993). Some of the spatial variability in juvenile distribution
patterns observed throughout 1997 may be attributed to these factors. However, there is
also a large body of empirical and theoretical evidence that indicates fish distribution is
partly the result of complex interactions among individual perception of resource
availability, density of competitors, and the risks of moving and predation (e.g., Dill
1983; Elliott 1993; Fausch 1984; Gibson et al. 1993; Gillis and Kramer 1987; Grand
1997; Keeley and McPhail 1998; Power 1993; Reinhardt and Healey 1997). Although
this study was not designed to assess these factors, they may explain why the locally high
densities displayed during 1997 at some sites did not appear to be associated with
decreased relative overwinter survival. For example, it is possible that despite high

numbers of competitors, conditions may have remained favourable at certain locations for
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other reasons, such as predator avoidance. Results from this study support the need for
more detailed research on the winter behaviour of juvenile fish, both at different levels of
overall abundance, and at scales relevant to the ecological factors individuals face at this

time of year.

These findings may have important consequencés for the design of long term juvenile
coho assessment programs. Salmonids are likely to be distributed unevenly within
streams (Amiro 1990, Roper et al. 1997), and on both a watershed and tributary scale,
spatial factors have been shown to account for as much as 65 % of variation in juvenile
abundance (Milner et al. 1993). Therefore, an effective juvenile assessment strategy
should explicitly account for spatial variation both within and among streams. Sampling
designs that select only high quality coho habitat such as mainstem pools may produce
relatively insensitive measures of annual trends in abundance for conservation purposes.
F of example, comparison of juvenile densities obtained during this study with those of
previous assessments do not reflect the observed decline in adult escapement that has
occurred in the region (Irvine et al. 1998). Juvenile survey data collected by the DFO for
stock assessment also support this observation. Much higher juvenile densities were
observed at some North Thompson index sites during 1997 (5.30 fry-m™; Vermelin
Creek) and 1998 (~ 7 fry-m'z; Raft River; J. Irvine, Pacific Biological Station, Nanaimo,
B.C.; unpub. data) than at index sites sampled during 1981 (e.g., Ptolemy 1983).
Sampling in only the best sites would produce positively biased estimates of total
juvenile abundance, and may therefore obscure substantial spatial and temporal declines
in overall abundance within streams. Stratified estimates of standing stock are more
sensitive to changes in spatial distribution that may be associated with reductions in
overall abundance at both the stream and watershed scale, and therefore may be more

informative for monitoring populations, particularly when abundance is low.
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Table 1.2: Summary of physical habitat characteristics in Lemieux and Mann creeks'.

Depth? Velocity Canopy Fine Gravel Cobble Boulder Total Cover®
Reach (cm) (m*s™) % % % % % %
LEMIEUX
1 78.4 0.44 13 24 16 44 16 31
2 123.9 0.52 22 44 49 24 4 49
3 98.5 0.48 17 21 59 30 2 44
MANN
1 118.4 0.34 2 45 35 15 4 37
8 3

2 40.3 0.24 19 11 16 10

! Values are means of pre-winter sample site measurements.

% Values are means of pre-winter and spring measurements; excluding riffles.

3 See methods for definitions.
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Table 1.3a: Sample sizes, areas sampled, and stratified abundance estimates (stratified
by habitat type) for juvenile coho during the fall in Lemieux and Mann creeks, 1996.

Fall Density Fall
Habitat Cover Total Areasampled Total Sampled (fish m?) Standing Stock
Strata Reach Type' Rating Area (m’)? m’ % N n Mean’ SE® Estimate CL’

LEMIEUX 1996

1 na  MS na 41874 3628 9 46 4 1.19  0.16 49685 28782
2 na  OC n/a 8805 5320 60 3 2 1.56  0.17 13768 3775
Stream Al excl RT - 30679 8948 18 49 3 T235 039 63433 29029
Stream  All All - 1069056 8948 8 11 6 059 - 63453 29029
MANN 1996
1 1 MS n/a 16287 3018 19 i} 2 234 030 38065 12385
2 1 ocC n/a 3109 2870 92 3 3 330 033 10260 2617
Stream 1T excl KT - 19396 3888 30 T2 3 787 038 48325 12639
Stream | All - 23191¢ 5888 25 16 5 208 - 48325 12659
Stream  All-  All - 459707 5888 13 33 5 1.0S - 48325 12659

' MS = Mainstem representative sites, OC = Off-channel sites.
2 Excluding riffles.

3 sumc/suma; overall density = SS/A; see Chapter 1 methods for details.

4 Italics are SE based on sum of individual strata var(d); see Chapter 1 methods.
$95% CL; based on first and second stage error.

6 Area including riffles.

7 Area including riffles and usable area upstream of Highway 5.
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Table 1.3b: Sample sizes, areas sampled, and stratified abundance estimates (stratified
by habitat type) for juvenile coho during post-winter sampling in Lemieux and Mann
creeks, 1996.

Sp‘rngensny - Spring
: Habitat Cover Total Area sampled Total Sampled (fish m?) Standing Stock
Strata Reach Type' Rating Area(m’)’ m’ % N n Mean’ SE*  Estimate CL’

LEMIEUX 1996

1 na  MS na 41874 3628 9 46 4 043 056 17903 8260
2 na  OC na 8805 5320 60 3 2 042 038 3729 1526
Stream Al excL RT - 30679 %948 18 49 5 043 013 21632 3400
Stream Al All - 1069056 8948 8 111 6 0.20 - 21632 8400
MANN 1996
I 1 MS n/a 16287 3018 19 11 2 096  0.59 15939 7388
2 1 ocC n/a 3109 3109 100 3 3 1.09 0.89 3384 1104
Stream T excL RT - 19396 6127 32 14 3 103 079 19323 7470
Stream 1 All - 231916 6127 26 16 5 0.83 - 19323 7470
Stream Al All - 459707 6127 13 33 5 0.42 - 19323 7470

' MS = Mainstem representative sites, OC = Off-channel sites.
2 Excluding riffles, see text for other. '

3 sumc/suma; overall density = SS/A; see Chapter | methods for details.
4Italics are SE based on sum of individual strata var(d); see Chapter 1 methods.
995% CL; based on first and second stage error.

¢ Area including riffles.

7 Area including riffles and usable area upstream of Highway 5.
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Table 1.4a: Sample sizes, areas sampled, and stratified abundance estimates (stratified
by habitat type, reach and cover rating) for juvenile coho during the fall in Lemieux and
Mann creeks, 1997.

Fall Density Fall
Habitat Cover Total Area sampled  Total Sampled (fish m?) Standing Stock
Strata Reach Type Rating Area(m’) m”' % N n Mean SE’ Estimate CL*
LEMIEUX 1997
1 1 P n/a 257 204 79 2 2 1.49 223 384 111
2 2 p n/a 1992 667 33 12 3 1.20  0.41 2384 2125
3 3 P n/a 1301 704 54 5 4 0.47 0.24 614 286
4 1 oC n/a 2972 1602 54 5 2 055 0.12 1633 720
5 2 oC n/a 5548 2441 44 8 2 .12 0.62 6230 4188
6 3 oC n/a 285 211 74 1 1 0.00 0.00 1 0
7 1 RU n/a 17735 2038 11 40 6 0.00 0.00 0 0
8 2 RU n/a 15458 1201 8 62 4 0.00 0.00 0 0
9 3 RU n/a 5130 973 19 32 5 0.00  0.00 0 0
10 1 RI n/a 33814 91 0 37 1 0.00 0.00 0 0
11 2 RI n/a 14584 108 1 52 1 0.00 0.00 0 0
12 3 RI n/a 7828 150 2 32 1 0.00 0.00 0 0
Stream Al excl RI - 50678 10041 20 167 29 022 0.65 11248 76T
Stream  All All - 106905 10390 10 288 32 0.11 - 11248 4761
MANN 1997
1 1 P C 825 825 100 3 3 475  2.63 3905 81
2 i P LC 2409 347 14 5 2 095 0.64 2255 782
3 1 P NC 7714 1047 14 2 1 0.18 0.00 1418 1347
4 1 oC n/a 3109 2292 74 7 2 0.10  0.07 307 714
5 1 RU n/a 5339 1895 35 15 6 0.00 0.00 0 0
6 1 RI n/a 3795 108 3 15 1 0.00 0.00 0 0
7 2 P C 0 0 nfa 0 0 0.00  0.00 0 0
8 2 P LC 0 0 n/a 0 0 0.00  0.00 0. 0
9 2 P NC 228 0 0 3 0 0.00  0.00 0 0
10 2 oC n/a 1253 152 12 2 1 0.00 0.00 0 0
11 2 RU n/a 2414 1142 47 7 3 0.00 0.00 0 0
12 2 RI n/a 18884 909 5 10 1 0.00 0.00 0 0
Stream I All - 23191 6513 28 47 3 034 0.1I7 7785 1715
Stream Al excl. RI - 23291 7698 33 44 18 0.33 - 7785 1715
Stream  All All - 45970 8715 19 69 20 0.17 - 7885 1715

! Values are from sampled areas, not surveyed areas of sample sites.

2 sumc/suma; SS/A for whole stream; see Chapter 1 methods for details.

3 Italics are SE based on sum of individual strata var(d); see Chapter I methods.
495% CL; based on first and second stage error.



51

Table 1.4b: Sample sizes, areas sampled, and stratified abundance estimates (stratified
by habitat type, reach and cover rating) for juvenile coho during post-winter sampling in
Lemieux and Mann creeks, 1997.

Spring Density Spring
Habitat Cover Total Area sampled Total Sampled (fish m?) Standing Stock
Strata Reach Type Rating Area(m’) m?' % N n Mean* SE’ Estimate CL*
LEMIEUX 1997
1 1 P n/a 257 199 78 2 2 0.53 047 136 42
2 2 P n/a 1992 498 25 12 S 079 036 1574 615
3 3 P n/a 1301 Sl 39 5 4 0.18 0.10 228 73
4 1 oC n/a 2972 1942 65 5 3 0.11  0.05 328 195
5 2 oC n/a 5548 3156 57 8 4 052  0.13 2904 1351
6 3 ocC n/a 285 985 346 1 1 0.00 0.00 0 0
7 1 RU n/a 17735 1852 10 40 5 0.00 0.00 0 0
8 2 RU n/a 15458 1307 8 62 4 0.00 0.00 0 0
9 3 RU n/a 5130 903 18 32 5 0.00 0.00 0 0
10 1 RI n/a 33814 91 0 37 1 0.00 0.00 0 0
11 2 RI n/a 14584 108 1 52 i 0.00 0.00 0 0
12 3 RI n/a 7828 150 2 32 1 0.00  0.00 0 0
Stream All " exclLRT 50678 11353 22 167 33 0.10 020 3171 1500
Stream All All - 106905 11702 11 288 36 0.05 - 5171 1500
MANN 1997
1 1 P C 825 619 75 3 3 1.55 1.82 1259 261
2 1 P LC 2409 446 19 5 3 1.06 048 2394 678
3 1 P NC 7714 637 8 2 1 0.00  0.00 0 0
4 1 oC n/a 3109 2692 87 7 3 0.01  0.05 34 106
S 1 RU n/a 5339 1335 25 15 6 0.00 0.00 0 0
6 1 RI n/a 3795 108 3 15 1 0.00 0.00 0 0
7 2 P Cc 0 0 n/a 0 0 0.00 0.00 0 0
8 2 P LC 0 0 n/a 0 0 0.00 0.00 0 0
9 2 P NC 228 0 0 3 0 0.00 0.00 0 0
10 2 oC n/a 1253 152 12 2 1 0.00 0.00 0 0
11 2 RU n/a 2414 1095 45 7 3 0.00 0.00 0 0
12 2 RI n/a 18884 909 5 10 1 0.00 0.00 0 0
Stream I ATl - 23191 5837 25 47 17 016 0.70 3687 734
Stream All  excl. RI - 23291 6975 30 44 20 0.16 - 3687 734
Stream All All - 45970 7991 17 69 22 0.08 - 3687 734

' Values are from sampled areas, not surveyed areas of sample sites.
2 sumc/suma; SS/A for whole stream; see Chapter 1 methods for details.
3 Italics are SE based on sum of individual strata var(d); see Chapter 1 methods.

495% CL; based on first and second stage error.
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Table 1.5: Comparison of minnow trapped (MT) and electroshocked (ES) juvenile coho
sizes, fall 1996 (CL = 95% confidence limits).
Significant differences are underlined (Bonferoni adjusted t-test; p = 0.05).

Forklength Weight

MT ES MT ES

Creek mm CL mm CL g CL g CL

Lemieux 66.93 1.01 63.19 1.03 3.09 1.0} 2.97 111
Mann 61.80 1.01 61.28 1.02 2.38 1.03 2.05 1.06
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Table 1.7: Estimated fall and post-winter standing stock in fish numbers and biomass,
and relative overwinter survival of juvenile coho in Lemieux and Mann creeks, 1996 and
1997.

1996 estimates are based on areas excluding riffles and Mann 1996 is for reach | only.

Standing Stock - Numbers (No.) Standing Stock - Biomass (g) Rel.
Hab. Fall Post-winter Fall Post-winter Surv?
Strata Reach Type Cov. No. CL' CL% No. CL' CL% 2 CL g CL* %
LEMIEUX 1996
1 n/a MS nfa 49685 28782 58 17903 8260 46 160783 87636 61340 26431 36
; 2 n/a oC n/a 13768 3775 27 3729 1526 41 46818 11609 14048 4878 27
| Stream - Al - 63453 29029 46 21632 8400 39 20760T 88402 75388 26878 34
MANN 1996
1- n/a MS n/a 38065 12385 33 15939 7388 46 81934 45383 44678 23864 42
2 n/a oC n/a 10260 2617 26 3384 1104 33 24976 0 8884 0 33
| Stream - ATl - 48325 12659 26 19323 7470 39 106910 45383 53562 23864 40
|
i LEMIEUX 1997
1 1 P n/a 384 111 29 136 42 31 1214 0 655 0 35
2 2 P nfa 2384 2125 89 1574 615 39 7764 6710 7411 2884 66
3 3 P n/a 614 286 47 228 73 32 2033 615 1143 288 37
4 1 oC n/a 1633 720 44 328 195 59 5543 1341 1745 906 20
5 2 oC nfa 6230 4188 67 2904 1351 47 16156 10638 11284 4738 47
6 3 oC n/a 1 0 0 0 0 0 5 0 1 0 21
7 1 RU n/a 0 0 0 0 0 0 0 0 0 0 0
8 2 RU n/a 0 0 0 0 0 0 0 0 0 0 0
9 3 RU n/a 0 0 0 0 0 0 0 0 0 0 0
10 1 RI n/a 0 0 0 0 0 0 0 0 0 0 0
11 2 RI n/a 0 0 0 0 0 0 0 0 0 0 0
12 3 RI n/a 0 0 0 0 0 0 0 0 0 0 0
Stream All All - 11248 4761 42 SI71 1500 29 32716 12663 22240 5628 46
MANN 1997
1 1 P C 3905 81 2 1259 261 21 13393 0 5693 0 32
2 1 P LC 2255 782 35 2394 678 28 7329 2703 9758 1721 106
3 1 P NC 1418 1347 95 0 0 0 3889 0 0 0 0
4 I oC n/a - 307 714 233 34 106 312 922 2548 164 484 11
5 1 RU n/a 0 0 0 0 0 0 0 0 0 0 0
6 1 RI n/a 0 0 0 0 0 0 0 0 0 0 0
7 2 P C 0 0 0 0 0 0 0 0 0 0 0
8 2 P LC 0 0 0 0 0 0 0 0 0 0 0
9 2 P NC 0 0 0 0 0 0 0 0 0 0 0
10 2 oC n/a 0 0 0 0 0 0 0 0 0 0 0
11 2 RU n/a 0 0 0 0 0 0 0 0 0 0 0
12 2 Rl n/a 0 0 0 0 0 0 0 0 0 0 0
Stream All All - 7885 715 22 3687 734 20 21402 2804 13933 1721 47

195% CL; based on first and second stage error.
295% CL,; Sampling error only.

3 Spring Standing stock/Fall Standing stock (in numbers)
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Figure 1.1:" Map of the North Thompson River drainage showing location of the study
streams. :

Arrows on inset indicate major spawning regions for interior coho populations in British ~
Columbia. o :




56

20
8 1 — o—Mann Avg. (60-81)
16 —m— Lemieux Avg. (77-97)

Discharge (rr31 s'l) v

Figure 1.2: Annual hydrograph for Lemieux and Mann creeks.

Source: Water Survey of Canada. Daily discharge rates are the average for the periods
indicated in the legend.




0‘02 13 1 ] 1 T T 0‘02 1 T 1 T T T 0'02 T T T T T
A n=22 B n=24 C n =60
0.019 _ 0019 4 0013 .
0.01 - 0.01d i 0.01¢- i
»
—§ 0.003- 0.009 - 0.00%- l—l -
]
E 0.0! H H 0.0l—u H m H L 0.0L—==a m RN l—l i
5 2 3 4 1T 2 3 4 5 6 1 2 3 4 5 6
g
o Mann,Fall Pre Mann,Pre Post = Mann,Fall Post
Z — -
2 0'02 T L) 1 T T ¥ 0'02 T T T T L} T 0'02 T T T T T T
D ~— n=70 E 1 n=41 F n=36
0.019 . 0.019 — 4 0.01% 4
0.019 - 0.010 - 0.010- -
0.009 H - 0.008+ — [ 4 0.003- H -
O S B R R S R A 00— 5

Lemieux,Fall Pre Lemieux,Pre Post Lemieux,Fall Post

57

Winter movement 1996

Recovery site

Figure 1.3: Site related movement of marked juveniles in Lemieux and Mann creeks for
each sampling interval (i.e. fall to pre-winter; pre to post-winter; fall to post-winter)
during 1996.

Recovery locations are ordered in a downstream (site 1) to upstream (site 6) fashion. The
number of fish that moved during each interval is noted. No significant differences in
log;o-transformed movement indices were found among recapture locations (GLM; p >
0.05 for all intervals in both streams and years).
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Figure 1.4: Habitat related overwinter movement of marked juveniles in Lemieux and
Mann creeks during 1996 and 1997.

Errors are + 95% confidence intervals of movement indices pooled across sampling
intervals. The number of fish that moved into each habitat type is noted at the top of each
bar. While no significant differences were found in fish movement between habitat types
in 1996, distinct habitat related patterns were noted during 1997 (t-test; p < 0.05).
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Figure 1.5: Size-related movement of marked juveniles in Lemieux and Mann creeks
between fall and post winter sampling during 1996 and 1997.

Figure headings refer to the habitat type fish were moving from; i.e., size-dependent
movement out of mainstem (MS) or off-channel (OC) sites in 1996, or out or pools (P) or
stde-channel (SC) sites in 1997. Overall size-dependent movement is also summarized
(ALL). The number of fish that moved overall and that moved out of each habitat type is
noted. No significant differences were found in fish movement among size classes in
either creek or year (GLM; p > 0.05). In these analyses, data from each habitat type were
pooled due to sample size constraints.
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Figure 1.6: Number of coho captured at downstream fences during the winter of 1996 in
Lemieux and Mann creeks.

Stream temperatures measured at each fence are also indicated. Note difference in scales
between creeks.
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CHAPTER 2:
SIZE-DEPENDENT OVERWINTER GROWTH AND SURVIVAL
OF JUVENILE COHO IN INTERIOR STREAMS

Conservation concerns for coho populations throughout the Pacific northwest have
highlighted the importance of effective assessment and restoration strategies. In British
Columbia, much of the stock assessment is based on adult abundance time series (CRT
1998, Slaney et al. 1996). However when spawner abundance is low, variation in
juvenile production may be an important component of overall population dynamics
(Bradford 1999). Stock - recruit relationships at depressed population levels may be most
influenced by freshwater production (Bradford et al. 1997, Hilborn and Walters 1992).
Therefore, understanding the factors affecting juvenile survival is integral to effective

management and conservation of threatened populations (Wood 1998).

In addition, information on coho escapements is often both unreliable and difficult to
obtain (English et al. 1992, Slaney et al. 1996). Accurate counts can be made using
fences, but obtaining these estimates is both logistically intensive and costly. |
Consequently in B.C., reliable escapement estimates are available for only a few wild
coho populations (Slaney et al. 1996). In contrast, although the design of effective
juvenile assessment programs is still a matter of some contention, obtaining reliable
juvenile standing stock information can be relatively easy and inexpensive (e.g., Decker
et al. In préss, Riley and Korman 1995). For this reason, juvenile surveys may be an
important component of coho stock assessment procedures (e.g., Holtby 1998, Simpson
etal. 1‘997). In fact, the Department of Fisheries and Oceans (DFO) currently conducts
limited juvenile sampling in 150 to 200 B.C. streams to provide indices of coho
abundance and estimates of freshwater production. Sampling takes place in mid-fall and
juvenile size and density information is incorporated into a model predicting subsequent
smolt production (Holtby et al. 1992, Holtby 1998). Among other things, the model is
based on a positive correlation between average fall size and overwinter survival

observed in Carnation Creek, on the west coast of Vancouver Island (Holtby 1988,
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Holtby and Hartman 1982). There is no other practical predictor of freshwater
production, and existing models of productive capacity are based only on estimates of

stream length and area (Bradford et al. 1997, Marshall and Britton 1990).

Juvenile abundance data could therefore be a valuable management tool, but its
reliability depends at least in part on our understanding of coho freshwater ecology. For
example, survival through the first winter of freshwater residence has long been
recognized as a critical determinant of salmonid production in streams (Bustard and
Narver 1975, Holtby and Hartman 1982, Quinn and Peterson 1996). Yet the factors
influencing juvenile overwinter survival are not well understood. There is some
suggestion that survival may be size-dependent, with large fall size associated with
improved overwinter survival. Evidence to support this comes from both among year
correlations between average fall size and subsequent overwinter survival (Holtby 1988,
Hunt 1969) and within year comparisons of fall and spring size-frequency distributions
(Irvine and Johnston 1992, Lindroth 1965, Oliver and Holeton 1979, Peterson 1982b,
Thedinga et al. 1989, Toneys and Coble 1979, West and Larkin 1987). Authors cite a
number of potential mechanisms for the relationship. Smaller members of a cohort have
higher weight-specific maintenance requirements and lower energy storage capacity than
larger juyeniles (reviewed in Ricker 1979, Weatherly and Gill 1987). Thus, they may
eihaust energy stores faster in cold winter temperatures and experience higher overwinter
starvation rates (Cunjak 1988a, Gardiner and Geddes 1980, Riddell and Leggett 1981).
Alternately, predation rates on smaller fish may be higher than on larger conspecifics
(e.g., Hargreaves and LeBrasseur 1986, Healey 1982, Post and Evans 1989a). However
specific examples of size-dependent survival are limited, and data collected from
individually marked fish is sparse and not always consistent with the predicted .

association between large size and survival (Brown 1985, Quinn and Peterson 1996).

Many studies of juvenile salmonids record a shift in size-frequency distributions from
negatively skewed to normal over the winter (e.g., Brown 1985, Decker 1999). However,
comparison of fall and spring size-frequency distributions within years does not provide

conclusive evidence for size-related survival if size-dependent growth or movement
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occurs between sampling periods (Post and Evans 1989b). In addition, if variation in
instantaneous mortality rate is linear with respect to length, even the presence of size-
selective mortality does not necessarily change the shape of length frequency
distributions (Jones 1958, Ricker 1975, Ricker 1979). For these reasons, thorough
assessment of the role of size-dependent factors may be best achieved using individually
marked fish. Ultimately, resolving the relative contributions of these factors may have
important ramifications for how we understand and eventually model coho freshwater

production.

Juvenile coho emigrate from freshwater rearing streams to marine environments as
smolts during the spring. As for many other stream-dwelling salmonids, the age at which
smolting occurs varies somewhat both within and among populations (e.g., Hartman et al.
1982a, Holtby et al. 1989, Jonsson et al. 1990, Nicieza and Brana 1993, Washington
1981). Freshwater growing conditions are believed to be important in determining this
variation (Metcalfe and Thorpe 1990, Thorpe 1987). There is also considerable evidence
the duration of the freshwatér phase is related to both physiological and ecological
advantages of attaining a threshold size to enter the marine environment (Henderson and
Cass 1991; Holtby et al. 1990; Nicieza and Brana 1993; Ward and Slaney 1988).
Therefore, juvenile coho may experience strong selective pressure to adopt behavioural
tactics that allow them to attain a size consistent with smolting, while minimizing the
risks associated with continued foraging (Dill 1983, Martel 1996, Metcalfe et al. 1986,
Walters and Juanes 1993). For example, studies have shown juveniles often switch from
active feeding, and aggressive and territorial behaviour during the summer (Chapman
1962; Mason and Chapman 1965; Nielsen 1992), to increased hiding and gregarious
behaviour during winter (Cunjak 1988a, Murphy et al. 1989, Nickleson et al. 1992,
Rimmer et al. 1983, Rimmer et al. 1984). This suggests selection may favour individuals
that adopt risk-prone behaviour when growing conditions are good, but if conditions
change, or a certain size is attained, risk-averse strategies may be more sﬁccessful
(Reinhardt and Healey 1999). This behavioural shift may also be one reason why winter
1s often considered a period of negligible growth (Conover 1992, Metcalfe and Thorpe
1992, Smith and Griffith 1994), when feeding is limited to that required to sustain a
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minimal level of metabolic activity (Cunjak 1988b). However, lack of winter growth
may have important consequences for individuals that are still relatively small at the end
of summer. Research on Atlantic salmon (Sa/mo salar) has indicated the segregation of a
population into fish that will smolt in a given spring and those that spend an additional
year in freshwater is apparent by autumn (Metcalfe and Thorpe 1992). Fish that defer
smolting tend to be relatively small individuals that exhibit virtual cessation of growth
during winter, even under environmental conditions that would otherwise allow growth to
occur. Larger individuals tend to smolt the following spring and continue to grow to a
limited extent throughout their first winter of freshwater residence. However, similar
research has not been conducted on juvenile coho, which may limit our understanding of
life-history variation for this species. In addition, the prevalence of size-dependent
overwinter growth, and the conditions that affect it, may influence the way we model

coho freshwater production.

The purpose of this chapter is to investigate size-dependent survival and growth by
juvenile coho during their first winter of freshwater residence. This is achieved by
assessing individually and cétegorically marked juveniles in two interior B.C. streams
during the winters of 1996 and 1997. The influence of habitat type and relative fish
abundance on size-dependent patterns is also investigated. This information may help
efforts to improve coho management by expanding our knowledge of freshwater
production dynamics. Results may also be useful in testing the assumptions of an

existing juvenile production model that is based on a positive size-survival function.

The specific objectives of this chapter are fourfold. The first objective is to examine
overall and habitat related patterns in size-dependent overwinter survival. This is done to
test the h};pothesis that larger size is associated with improved winter survival. The
second objective is to quantify the extent of overall and habitat related overwinter growth
observed during the study. This is done to test the assertion that growth during winter is
generally negligible, especially in streams experiencing near freezing winter water

temperatures. The third objective is to compare individual and categorical winter growth

rates across a range of initial fall sizes. Overall and habitat related growth rates are also
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contrasted with those predicted from an allometric growth model. This is done both to
determine the extent of size-selective growth in both creeks and years, and to assess
whether observed patterns are distinct from those predicted from differences in body size
alone. The fourth objective is to combine size-dependent overwinter growth and survival
results and assess whether patterns in survival may be explained by differences in growth

across size classes.

Size-dependent movement was not investigated in detail by this study, however
qualitative trends were assessed in Chapter 1 to determine its potential role in the ecology
of overwintering juveniles. Negligible overwinter movement was observed during the
study, and marked size-dependent movement was also not evident. Size-dependent early
emigration from study streams was likewise not observed. Therefore, for the purposes of
this chapter, I assumed that size-dependent movement did not bias study results. The
application and recapture of marks used to obtain survival and growth data is described in

Chapter 1.

METHODS

AGE ANALYSES

Generally, juvenile coho in the Thompson region smolt after one year in freshwater
and return to spawn in their natal streams as three years olds (Harding et al. 1994).
Previous juvenile studies in have found very low proportions (<5 %) of age 1+ parr
(Atagi et al. 1999), but other studies have revealed proportions of two-year old smolts
may be as high as 15 % (Atagi et al. 1999, Hutton et al. 1983). In this study, I assessed
population age structure in two ways. Firstly, scale samples were obtained and results
indicated that a fall forklength of 80 mm was the approximate mid-point of overlap
between 0+ and 1+ juveniles in both streams and years (Figure 2.1). Similar forklength
cutoffs have been found for 15 other streams in the North Thompson watershed (J.

Tadey, DFO, New Westminster, B.C.; unpub. data). Secondly, visual evaluation of this
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study’s fall length-frequency distributions confirmed 80 mm was a good approximation
of the mid-point between frequency modes (Figure 2.2). Since fish were marked
according to size category in 1997, the > 80 mm class was also a feasible division point
given the data. Therefore in both years, age 1+ juveniles were identified in the following
manner. In the fall sample, all fish > 80 mm were categorized as 1+ juveniles. In the
pre-winter sample, all fish > 80 mm during 1996, fish from the > 80 mm fall size class,
and unmarked fish > 86 mm during 1997, were categorized as 1+ juveniles. In the post-
winter sample, all > 80 mm fall marks and all unmarked fish > 88 mm were categorized
as 1+ juveniles. These rules identified approximately 95 % of 1996 captures as young-
of-the-year coho in both streams, and 65 (Mann) to 90 % (Lemieux) of captures as
young-of-the-year coho during 1997. Analyses of coho size, growth and survival are
based on information for 0 + juveniles. Except where noted, sample sizes for 1 +

juveniles were too low for analysis.

SIZE-DEPENDENT SURVIVAL

A relative index of size-dependent survival was obtained in a manner similar to the
population level analyses described in Chapter 1. For each creek, year and fall size class,
the number of recaptures in a particular size class was divided by the number of fish
initially marked in that same size class. Size-dependent survival was also summarized in
both years by habitat type (off-channels and mainstem runs and pools in 1996; off-
channels and pools in 1997) and relative abundance class. Abundance class was defined
in the following manner. In both years, data from Ianson groundwater channel in
Lemieux Creek and the beaver pond site in Mann Creek were compared to information
from all other sites. These sites were selected for more intensive analysis because they
sustained among the highest densities of juveniles in both years, and contributed
substantially to juvenile coho production in both study streams (see Chapter 1).
Therefore within each creek, data from these sites (‘high’ abundance class) were

compared to data from all other sites (‘low’ abundance class), and to data from all sites

combined (‘all’ class). Normality of all relative survival data was assessed using
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probability plots and data were arcsine transformed as appropriate (Systat 1997). Sample

sizes for all survival rate calculations are noted in Appendix 6.

Size-dependent relative survival rates were analyzed in five ways. Firstly, Chi-
squared contingency tests were used to assess differences between observed and eipected
recapture frequencies in each size class, where expected numbers were weighted by the
initial number marked in each size class. These analyses were conducted for each creek,
year, habitat type, and abundance level, and were done to test the uniformity of survival
rates across size classes. Secondly, t -tests were used to compare survival rates of
relatively ‘small’ (<60 mm and 60 mm classes) and ‘large’ (65, 70, 75 mm classes) coho
in each creek and year. Thirdly, individual mark data from the 1996 fall sampling period
were divided into recaptured and non-recaptured juveniles, and t-tests were used to
compare the fall sizes of each group. Similar comparisons were also made in both years
and creeks using the post-winter capture information. This was done to check whether
marked fish were representative of overall sizes in the population. Fourthly, frequencies
of recaptured and non-recaptured juveniles were contrasted across ordered fall size
categories using Cochran’s test of linear trend (Systat 1997). This test is sometimes
applicable to dichotomous response data (here, recapture or non-recapture) where there
are three or more ordered categories (here, < 60, 60, 65, 70, 75 mm size classes). It tests
the null hypothesis that the slope of the regression line across category proportions is 0.
However, some authors have suggested the test may only be applicable when the number
of data are large and there are at least four response categories (Zar 1984). In this study,
only two response categories were tested, and thus borderline significance levels should
be interpréted with caution. Tests were conducted for each creek, year, habitat type and
abundance level to investigate potential patterns in relative survival across the range of
observed size categories. Finally, 1996 fall sampling data were analyzed using logistic
regressions to determine the effects of individual fall size, fall location (habitat type or
site) and fall size*location interaction on recapture probability in each creek. Each
individual encountered during fall sampling was assigned a recapture response of either 1
(recaptured during post-winter sampling) or 0 (not recaptured). Logistic regression is

well suited to dichotomous response data of this sort because it utilizes a binomial
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distribution to investigate the relationship between response probability (p; e.g.,

recapture) and explanatory variables (Systat 1997, Trexler and Travis 1993). The model

employed had the form:

logit(p) = log(p/(I-p) = a+ifixi+e
implying,

p = plogitp) /(1 + e-lﬂgit(l?)) (2.1)
and where,

lo4 = intercept parameter

B = various slope parameters

Xy = independent variables to be analyzed

P = proportion of successes where success defined as recapture

The most parsimonious model within a hierarchy of models (i.e. model with the highest
predictive power) was determined using the log likelihood ratio test (Hilborn and Mangel
1997, Systat 1997). In this analysis, the potential contributions of initial fish size, fall
location and fall size*location interaction were compared by taking the difference of log
likelihood estimates from the relevant models and multiplying by two (Trexler and Travis
1993). Location was defined by fall habitat type. When declines in log likelihoods were
signiﬁcaﬁt, parameters were seen to contribute to mbdel predictive power and explain a
significant amount of the variability in recapture probability. Logo-transformed fish
weights were used to represent fish size, but results were minimally different with log;o-

transformed forklengths.

GROWTH MEASURES

The overwinter growth of juvenile coho was described in terms of length (forklength,

], in mm) and weight (w, in g) in the following three manners (Ricker 1975):

1. Absolute growth: [, - I; or wy, - w,

2. Relative growth: (I, - 1))/l; or (wy - wy)/w,;
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3. Percent instantaneous growth rate: (log.l, - log.)/(t, - t;) * 100 or,
(logew; - logew;) / (t; - t1) * 100

Time intervals (¢, - ¢;; in days) were calculated from the mid-points of sampling periods.
This corrected for differences in sampling dates between years and creeks. To simplify
presentation of results, only instantaneous growth rates calculated for weight were
discussed (Gy; g, % - day’', also referred to as specific or intrinsic growth rate). This is
also a measure cited frequently in the literature (Ricker 1979). Findings based on other
measures were presented only when they differ from those based on specific growth
rates. Growth measures were calculated for both age 0+ and 1+ juveniles, but due to
sample size constraints, most analyses focus on young-of-the-year. During 1996, outliers
(8 out of 418 observations) from a linear regression of specific growth rate vs. logg-

transformed fall weight conducted by creek were excluded from the data set.
SIZE-DEPENDENT GROWTH

Individual marks

Individual growth measures were obtained only in 1996. They were calculated from
individual fish sizes measured during the fall and post-winter sampling periods.
Normality of growth increments was analyzed using probability plots and Kolmogorov-
Smirnov one sample tests (Systat 1997). Outliers were inspected and omitted from
subsequent analyses if errors in tag identification were suspected (see Chapter 1
methods). Growth measures pooled by creek and habitat type within creeks were
compared to the initial fall size using ANOVAs. Quadratic and linear relationships were

fit to the data and compared to assess potential growth patterns across the observed range

of fall sizes.
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Categorical marks

Overwinter growth was also represented in both years as average increments within
five fall size categories: <60 mm, 60-64 mm, 65-69 mm, 70-74 mm, and 75-79 mm.
Categories were identified during the post-winter period from decoded s-cwt information
in 1996 and external Pan-Jet marks in 1997. In 1996, overwinter growth was calculated
as the difference between the average size of fish in a given size category during the fall
(w;), and the average size of fish from that same fall size category during post-winter
sampling (w;). Similar calculations were made in 1997, but growth was also described
using pre and post-winter sampling data; the use of external marks during 1997 allowed
data to be summarized in both manners. 1997 findings are mostly based on the pre to
post-winter comparison because that interval more accurately reflects overwinter growth.
Results from the fall to post-winter interval are presented only when they differ.
Although the pre to post-winter interval could not be specified in 1996, fall sampling
occurred later than in 1997 and thus results are also likely good approximationé of
overwinter growth. Growth was contrasted between years to assess potential bias arising
from earlier sampling in 1996; analyses are described below. In 1996, growth increments
for each category were also calculated from the average of individual measures, but
results were minimally different and analyses were generally based on the former method

to ensure consistency between years.

Differences in growth increments among fall size categories were assessed in several
manners. Firstly, the extent of overwinter growth in the study streams was assessed using
paired t-tests conducted by creek and year. Secondly, ANOVAs were conducted on 1996
individual mark data, and contrast statements (Systat 1997) were used to assess the
pattern of growth across size classes. Thirdly, ANOVAs were conducted using
information from both 1996 and 1997 to distinguish the relative effects of fall size class,
sampling period, and size class*period interaction on overwinter growth. In 1997, this

was conducted for both the fall to post-winter, and the pre to post-winter intervals.
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Effect of abundance class, habitat type, creek and year

In both streams and years, the effect of abundance class on overwinter growth was
considered using ANCOV As, with initial fall size as the covariate. Abundance class was
defined in a similar manner to that described previously for overwinter survival,
information from Ianson channel in Lemieux Creek and the beaver pond site in Mann
Creek comprised the ‘high’ abundance class, and information from all other sites
~ comprised the ‘low’ abundance class. The effect of fall habitat type on overwinter
growth was also assessed using ANCOVAs. Habitat type was defined by fall marking
location: mainstem or off-channel in 1996, and pool or off-channel in 1997. In 1997,
data were too sparse for other habitat types to be compared. Differences in overwinter
growth between creeks and years were compared using t-tests on data grouped by fall
size category. Differences between creeks were also examined by comparing the pattern
of growth across fall size classes. In addition, data for all size classes were pooled to
assess potential differences among sites. In these analyses, growth was averaged across

size classes within sites, and site densities were used instead of numbers.

Allometric growth

Patterns in overwinter growth across fall size classes were also analyzed for potential
allometric effects. Observed increments were compared to those predicted from a simple
model of growth based only on body size and temperature (Elliott 1975a, Elliott 1975b,
Elliott 1976):

G; = 100(a + b,Dw”’ » (2.2)
where,

G; = percent instantaneous rate of growth within fall size class i

a, byand b, = growth parameters

T = average temperature in °C

w; = average weight in grams of fish in fall size class i; (w; +w)/2
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Elliott used arithmetic means to represent weight (w;) in his analyses, but Ricker (1979)
recommends w; = w,(e“" — 1)/G, for longer periods of exponential growth (n = time
units) which may be more applicable to this study. However, no significant differences
were found between weights predicted using the two methods (pooled variance t-test, t =

1.11, df = 38, p = 0.27) so arithmetic means were used to simplify presentation of results.

Allometric growth was predicted by creek, year and fall size class. A non-linear
optimization routine within Microsoft Excel solver was used to compute the best
parameter fit by minimizing the sum of squared deviations between observed and
predicted values. Slopes of observed and predicted (allometric) growth rates across
initial fall sizes were contrasted using ANOVAs, and a log likelihood ratio test was used
to test whether observed and allometric growth were significantly different. In this
analysis, the model of allometric growth was assumed to be nested within the model for
observed growth (Hilborn and Mangel 1997). Descriptive statistics used in likelihood
calculations (‘true’ population mean and standard deviation in growth) were calculated

for each size class from values observed in each creek and year.

SIZE-DEPENDENT GROWTH AND SURVIVAL

Potential creek and year related differences in log)o-transformed size-dependent
survival rates were assessed using t-tests. Comparisons were made using all data, as well
as information grouped by abundance class and habitat type. Between year analyses were
also conducted on pooled data from off-channel areas in 1996 and 1997, and on pooied
data from mainstem areas (1996) and pools (1997). In 1997, Mann Creek off-channels
were not assessed due to low sample sizes. ANOVAs were used to investigate the
relationship between size-dependent relative survival and gfowth information within each

data grouping.
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RESULTS
SIZE-DEPENDENT SURVIVAL

Overall, chi-square contingency tests of observed and expected recapture frequencies
did not reveal consistent differences among fall size categories in either stream or year.
During 1996, only the low abundance class in Mann Creek yielded significant differences
in relative survival (x> = 12.63, df =4, p = 0.01; Figure 2.3 e). No other habitat related or
abundance level comparisons were significant during 1996 (chi-square tests, all p > 0.05;
Figures 2.3 and 2.4). For Mann Creek during 1997, size-related differences in recapture
frequencies were evident only in off-channels (x* = 11.68, df = 4, p = 0.02; Figures 2.6
-¢); no other habitat and abundance level related analyses were significant (Figures 2.5
and 2.6). However for Lemieux Creek during 1997, size-related differences in relative
survival were evident using all data (x* = 22.68, df = 4, p < 0.001; Figure 2.5 c), data
from the high abundance class (3 = 14.75, df = 4, p = 0.005; Figure 2.5 a), pools (3 =
11.70, df =4, p = 0.02; Figure 2.6 b), and off-channels (xz =23.86,df =4, p <0.001;
Figures 2.6 a).

Differences in relative survival rates were also not consistent between relatively small
(<60 — 64 mm) and large (65 - 79 mm) fall size categories in either stream or year.
During 1996, differences were significant only for the high abundance class in Lemieux
Creek (Bonferoni adjusted pooled variance t-test, t = -6.05, df = 3, p = 0.01), where larger
classes exhibited higher survival rates (mean = 18.06 %; SE = 0.29) than smaller classes
(mean = 14.89 %; SE = 0.49). No other comparisons in 1996 or 1997 were significant
(Bonferoni adjusted t-tests, all p > 0.05).

However, comparisons of fall sizes of recaptured and non-recaptured individuals
during 1996 were significant for both creeks (Table 2.1). In Lemieux Creek, log)o-

transformed forklengths and weights were significantly larger for recaptured (66.64

+ 1.01 mm; 3.02 £ 1.03 g) than non-recaptured (65.15 £ 1.01 mm; 2.86 + 1.01g) juveniles
(Bonferoni adjusted pooled variance t-tests, logFL t = -3.37, df = 2765, p < 0.001; logWT
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=-2.71,df = 2765, p = 0.007). The opposite pattern was observed in Mann Creek
during 1996; recaptured fish (58.53 + 1.02 mm; 2.04 + 1.07 g) were significantly smaller
than non-recaptured individuals (60.75 + 1.00 mm; 2.29 + 1.01 g; Bonferoni adjusted
pooled variance t-tests, logFL t = 3.28, df = 3021, p=0.001; logWT t =3.21, df = 3021,
p =0.001). This contrast in Mann Creek appeared largely driven by the very smallest
individuals, because differences were not significant when < 60 mm size class coho were
excluded from analyses (Bonferoni adujsted pooled variance t-tests, logFL: t = 1.09, df =
1742, p = 0.28; logWT: t = 0.96, df = 1742, p = 0.34). Differences were also not
significant in either creek when averages of recaptured and non-recaptured fish within
fall size classes were compared (Bonferoni adjusted pooled variance t-tests of logWT;
Lemieux t =-0.03, df = §, p=1.00; Mannt =0.07, df =8, p = 1.00). Individual
condition factors (see Chapter 1 methods) were not significantly different between groups
in either creek (Bonferoni adjusted pooled variance t-tests, Lemieux: t = 0.89, df = 2759,
p =0.37; Mann: t = 0.46, df = 1119, p =0.65). Logc-transformed post-winter weights of
marked and unmarked juveniles were also not significantly different in either stream or
year (Bonferoni adjusted pooled variance t-tests, all p > 0.05). This indicated sizes of

marked fish in both streams were likely representative of overall population sizes.

Linear trends in relative survival across size classes were also not consistent among
creeks, years, abundance classes or habitat types. In Lemieux Creek, there was a
significant increase in relative survival from small to large size classes during 1996 when
data from all sites were combined (Cochran’s test of linear trend; y* = 6.01, df =l,p=
0.01; Figure 2.3, c). However, an incfeaée in relative survival across size classes was not
apparent for the high or low abundance classes, or for mainstem and off-channel areas
(Figures 2.3 and 2.4). The opposite trend in survival was observed in Mann Creek during
1996. Relative survival was greater for the largest size classes using data from all sites,
from the low abundance class, and from off-channel areas (Cochran’s test of linear trend;
p-values = 0.01, 0.01, 0.02; Figure 2.3 f and e, Figure 2.4 d, respectively). However,
other tests of linear trends for the remaining data groupings in Mann Creek during 1996

were not significant. In addition, none of the trends for Mann Creek were significant

when the smallest size class (< 60 mm) was omitted from analyses (Cochran’s test of
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linear trend; all data: Xz = 1.35, df = 1, p = 0.25; low abundance class: Xz =(0.03,df=1,p
= 0.86; off-channel sites: XZ =3.18,df =1, p=0.07). This corroborates previous results
that indicated the smallest individuals may have been driving the trends observed in
Mann Creek during 1996. In 1997, a significant decline in survival across size categories
was found for pools in Lemieux Creek (Cochran’s test of linear trend; x2 =3.86,df=1,p
= 0.05; Figure 2.6, a) but again, the trend was not significant when the < 60 class was
omitted (3> = 0.15, df = 1, p = 0.70). No other significant linear trends were found for
1997 data in either stream (p > 0.05; Figures 2.5 and 2.6).

Logistic regression results corroborated linear trend findings in both study streams
during 1996. In Lemieux Creek, a significant positive relationship existed between
individual fall size and recapture probability when data from all sites were pooled and
when only off-channel areas were analyzed (p = 0.007 and < 0.001, respectively; Figure
2.7 a). Regressions were not significant within either high or low abundance classes or
within mainstem areas (p = 0.08, 0.56 and 0.28, respectively). As above, the opposite
pattern was observed in Mann Creek where a significant negative relationship was found
between fall size and recapture probability for all data, the low abundance class and for
off-channel areas only (p = 0.001, < 0.001 and 0.006, respectively; Figure 2.7 b).
HoWever, results in Mann Creek were not significant when < 60 mm individuals were
excluded from analyses (p = 0.34). In both streams, individual condition factors
generally did not explain a significant portion of the variability in recapture probability (p
=0.37 and 0.81 for all data in Lemieux and Mann, respectively). The exception was in
the low abundance class in Lemieux Creek where fish in better condition had a

significantly lower recapture probability (p < 0.001).

Comparison of logistic regression log likelihoods from 1996 indicated fall location
explained more of the variation in post-winter recapture probability than initial size. In
Lemieux Creek, while both size and location explained differences in recapture
probability, location was better at predicting recapture outcome than initial size (Figure
2.8 a). When location was removed from a model including both size and location, the

decrease in log likelihood was significant (x> = 28.8, p < 0.001), yet when fall size was
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removed from the same model, the decrease was not significant (XZ =3.3,p=0.07).
HoWever in Mann Creek, while both size and location explained differences in post-
winter recapture probability, size appeared better at predicting recapture outcome than
location. (Figure 2.8 b). Removal of location from a model including both size and
location produced a significant decline in log likelihood (x> = 4.6, p = 0.03), but the
decline was greater when size was removed (x* = 13.4, p < 0.001). However as was
indicated from previous analyses, the significant negative size-survival relationship in
Mann Creek was apparently due to the relatively high recapture probability exhibited by
< 60 mm fall size class individuals. When these fish were excluded from analyses, the
only significant logistic regression model was one containing the location and
size*location variables (compared to constants only model; y> = 5.9, p = 0.05). When
location was removed from this model, the decline in log likelihoods was significant (x>

= 5.0, p = 0.03), thereby corroborating results from Lemieux Creek.

FISH SIZE

Throughout 1996 and 1997, no significant differences in log;o-transformed coho
weights or forklengths were found between habitat types in either creek (Bonferoni
adjusted pooled variance t-tests, all p > 0.05; Table 2.2, Appendices 1 and 2).
Cohsequently, data from all sites were pooled, and differences between creeks and years
were assessed. During 1996, coho in Lemieux Creek were significantly heavier than
those in Mann Creek (Bonferoni adjusted pooled variance t-tests of average log;oWT,
Fall: t =2.65, df = 9, p = 0.05; Post-winter: t = 2.80, df =9, p = 0.04). However in 1997,
no significant differences in logo-transformed sizes were present between creeks
(Bonferoni adjusted pooled variance t-tests of average log;oWT, Fall: t = 1.52, df =18, p
= (.29; Post-winter: t = 0.27, df = 23, p = 1.00). When data from both creeks were
pooled, differences between years were not significant during the fall period (Bonferoni
adjusted pooled variance t-test of log;oWT, t = -2.00, df = 29, p = 0.11). However in the
post-winter period, juveniles during 1997 were significantly larger than during 1996

(Bonferoni adjusted pooled variance t-test of log;oWT, t =-5.91, df = 34, p < 0.001).
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Comparisons of fish condition (see Chapter 1 methods) between habitat types, creeks and

years were not significant (Bonferoni adjusted t-tests, all p > 0.05).

OVERALL GROWTH

The extent of overwinter growth observed in the study streams for each year is
summarized in Table 2.3. Results indicate growth occurred in both streams during the
winter period, despite relatively cold mean water temperatures. Absolute growth
averaged approximately 3.0 mm and 0.4 g over both years and creeks. Relative growth
rates ranged between 0.08 to 0.21 g-g”', and 0.03 to 0.06 mm-mm"'. Overwinter increases
in body weight averaged 0.08 %-day’', and were quite consistent between streams and
years. Size-dependent differences in growth between streams and years are presented

below. Sample sizes for all growth calculations are provided in Appendix 6.

SIZE-DEPENDENT GROWTH

Individual marks

During the fall of 1996, 2982 fry were sequential coded wire tagged (s-cwt) in
Lemieux Creek, and 3158 fry were s-cwt in Mann Creek (see Chapter 1 methods). Post-
tagging mortality in the fall of 1996 averaged 1.1 and 0.4 % in Lemieux and Mann
creeks, respectively (Appendix 3a). 24-hour tag rejection rates ranged from 0 to 8 % in
both creeks, but averaged less than 2.5 % overall. Given this, an adjusfed total 0of 2939 s-

cwt in Lemieux Creek and 3081 s-cwt in Mann Creek were released in 1996.

A total of 501 adipose fin clipped coho were recovered during post-winter sampling
in 1996, 370 and 131 in Lemieux and Mann creeks, respectively. Of these, 325 and 120

s-cwts were decoded successfully; the remainder of fish either did not contain a s-cwt or

the tag code was unreadable. The decoded s-cwts formed the basis of the individual and
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categorical growth calculations obtained in 1996. After deletion of outliers (n = 8; see
Methods) and of zero growth individuals (n = 10), final sample sizes for age 0+ growth

analyses were 286 and 114 individuals in Lemieux and Mann creeks, respectively.

Plots of overwinter growth patterns revealed significant negative relationships
between individual specific growth rates and initial fall size in both study streams (Figure
2.9; GLM, Lemieux: F =25.37, n =286, p <0.001; Mann: F=10.12,n=114,p =
0.002). Although growth rates were quite variable (CV = 1.10 in Lemieux and 0.77 in
Mann), smaller fish appeared to grow more during the winter than their larger
conspecifics (Figure 2.9). Quadratic smoothing of the data (Systat 1997) suggested a
significant linear decrease in growth across fall sizes in Lemieux Creek, but a curvilinear

decrease in Mann Creek (Figure 2.9).

Categorical marks

Analysis of overwinter growth information compiled by fall size class revealed two
important patterns. First, results confirmed the overall finding that juvenile coho in the
study streams grew substantially during the winter in both 1996 and 1997 (paried t-tests,
p < 0.05 for most cases; Table 2.4). Although the pre to post-winter difference was not
significant in Mann Creek during 1997, results were significant for the fall to post-winter
comparison. Significance of the former comparison was likely reduced by the relatively
high degree of variation in growth measures among size classes (SD difference 0.53;

Table 2.4). This variability is examined further below.

‘Second, analysis of categorical increments corroborated the individual-based result
that size-dependent overwinter growth occurred in the study streams (Figure 2.10). In
1996, specific overwinter growth rates declined significantly across fall size classes in
both Lemieux and Mann creeks (GLM contrast statements; Lemieux: F = 4.74, n = 286,
Pmodet = 0.001 and peontrast < 0.001; Mann: F =2.62, n = 114, pmoder = 0.04 and peontrast =

0.01). Similar patterns were also found for other growth measures. In both years, tests of

sampling period*fall size class interaction effects were also mostly significant (Table
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2.5), implying the slopes of logo-transformed fall weight vs. size class regressions
differed between periods. This provides further evidence of size-dependent growth in the
study streams. For Mann Creek in 1997, interaction effects were significant only for the
fall to post-winter comparison (Table 2.5). This may again be explained by higher
variability in growth measures within size classes for the pre to post-winter interval

(Figure 2.11).

Effect of abundance class, habitat type, creek and year

During 1996, the number of s-cwt fish captured at individual sites and in different
habitat types differed significantly during both fall and post-winter sampling in both
streams (Chi-square tests; all p <0.001). However, capture probability did not differ
between habitat types in either sampling period or stream (see Chapter 1 results). During
post-winter sampling, the majority of marked individuals (53 and 52 %, respectively)
were recovered in either lanson groundwater channel in Lemieux Creek (site #6), or the
beaver pond site in Mann Creek (site #4; Figure 2.12). These were the ‘high abundance’

class sites.

Post-winter recaptures of categorical size marks also varied spatially in both creeks
during 1997. In Lemieux Creek, recapture frequencies were significantly higher in off-
channels than in pools (3 = 423.2, df = 1, p < 0.001), and in Mann Creek frequencies
were higher in pools than in off-channels (3> = 125.9, df = 1, p < 0.001). As in 1996, the
majority (92 %; 716 of 774) of marked recaptures in Lemieux Creek were found in
Ianson groundwater channel. Similarly, the majority (69 %; 114 of 166) of marks in
Mann Creek during 1997 were recovered in the old beaver pond site. Due to the
preponderance of recoveries in only two sites, and the variability in overall juvenile
spatial distribution between habitat types (see Chapter 1), growth information was

summarized by habitat type and abundance class for both years.
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Despite the concentration of recaptures in only two sites, differences in overwinter
growth between high and low abundance classes were not present for either creek in 1996
or 1997 (Table 2.6; Figure 2.13). During both years, differences between the slopes of
individual growth vs. fall weight regressions for both abundance classes were not
significant in either stream (abund_level*sizeclass interaction; Table 2.6), and when
variation in growth due to fall size was taken into account, no significant differences in
overwinter growth were found between abundance classes (ANCOVA, covariate = fall

size, p > 0.05).

Consistent differences in overwinter growth measures were also not found between
habitat types for either stream or year. During 1996, differences between the slopes of
individual growth vs. fall weight regressions for both habitat types were not significant in
either stream (sep_hab*sep wt interaction; Table 2.7). When variation in growth due to
fall size was taken into account, no significant differences in overwinter growth were
found between habitat types (ANCOVA, covariate = fall size, p > 0.05). However,
differences between habitat types were observed when growth rates calculated for fall
size categories were analyzed. In Lemieux Creek during 1996, slopes of overwinter
growth rate vs. fall size class were similar between habitat types (sep_hab*sizeclass
interaction; Table 2.7), but intercepts were significantly different; fish in off-channels
grew more than those in mainstem sites. The opposite pattern was found in Lemieux
Creek during 1997; ANCOVA results indicated a significant effect of habitat type, but
juveniles in mainstem pools grew more than those in off-channels. This patterﬁ was
present despite the fact the majority of marks were recovered in the same off-channel site
(Tanson channel) during both years. No significant habitat related differences in
categorical growth information were found in Mann Creek during 1996 (Table 2.7).
Similar comparisons could not be conducted in this system during 1997 because of low

numbers of recaptures in off-channels.

However, site related differences in growth were found when data from all size

classes were pooled (Figure 2.14). Growth was calculated as the mean across size classes

for each site, and site densities were used instead of numbers to standardize comparisons




82

among sites. No significant differences in log;,-transformed fall density were found
between creeks in either year (separate variance t-tests, 1996: t =-1.70, df = 8.9, p=0.12;
1997:t=0.29, df = 9.5, p = 0.78), and thus data from both creeks were pooled.
Overwinter growth and log;o-transformed fall density did not appear to be associated in
1996 (GLM, F = 1.69, n = 10, p = 0.23), but a significant negative relationship between
the two variables existed in 1997 (GLM, F = 7.36, n = 14, p = 0.02).

Growth rates calculated by fall size class were not significantly different between
creeks in either year (Bonferoni adujusted separate variance t-tests, all p > 0.05; Table
2.3), and thus data from both streams were pooled. Comparisons between years were
also not significant (separate variance t-test, t = 0.45, df = 11.9, p = 0.66), which suggests
earlier fall sampling did not elevate estimates of overwinter growth in 1996. However,
absolute and relative changes in forklength were significantly different between creeks
during 1996 (separate variance t-tests, absolute: t = 3.28, df = 5.8, p = 0.02; relative: t =
2.87,df=7.9, p = 0.02; Figure 2.15). Similar differences were not present in 1997 (p >
0.05 for both cases).

‘Although direct comparisons of growth rate did not yield significant differences
between creeks, the pattern of growth across size classes did appear to differ. Growth
exhibited by the smallest fall size class (< 60 mm) was higher in Lemieux Creek than in
Mann, although the difference was not significant during 1997 (Bonferoni adjusted
pooled variance t-tests, replicates are abundance class; 1996: t = 5.80, df = 2, p = 0.03;
1997:t=2.59,df=2, p=0.12). In Mann Creek, the declining trend in growth across
size classes began at the second smallest class. This pattern in overwinter growth among
fall size categories corroborated the curvilinear relationship found between individual

growth and initial fish size in Mann Creek during 1996 (Figure 2.9).

Allometric growth

Parameter estimates for an allometric growth model (Eq. 2.2) fit to observed data

were: a = -0.0100; b; = 0.325; b, = 0.003; and T = 3.746. These are comparable to values
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found empirically for brown trout at temperatures between 3.8 and 12.8 °C (Elliott
1975a), and are within the range reported for several other species of fish (b) = 0.17 to
0.50; cf Elliott 1975). However, stream temperatures measured during 1997 ayeraged
2.81 and 0.80 °C from Nov. 15 to Mar. 1 in Lemieux and Mann creeks, respectively
(Figure 2.16). Water temperatures in 1996 were similarly low throughout the winter
(Lemieux: 2.03 °C; Mann: 0.67 °C; Figure 1.6). This difference between observed
temperature and the temperature that produced the best fit to observed growth rates
indicates either the allometric growth model was not applicable at low stream
temperatures, or that temperatures measured during this study did not adequately reflect
conditions fish experienced during winter. The latter was assumed for the purpose of this

analysis.

‘Output from the allometric growth model reflected size-related differences in growth
rate; smaller individuals exhibited higher growth rates than larger ones (Figure 2.17).
However, differences in size among fall categories were not sufficient to explain the
pattern in size-dependent growth observed throughout the study. In both creeks and
years, observed slopes were significantly different from those predicted based on
differences in body size alone (model*size interaction; Table 2.8). In addition, the log
likelihood ratio test of observed and allometric growth was significant (y° = 4.08, d{ =1,
p = 0.04), indicating that additional factor(s) other than body size contributed to the N
observed pattern in growth among initial sizes. Sample sizes for Mann Creek were
smaller because the < 60 mm size class was omitted due to non-linearity in observed
specific growth rates among size classes (Figures 2.9 and 2.10), but results were

minimally different when < 60 mm size class fish were included.

SIZE DEPENDENT GROWTH AND SURVIVAL

Size-dependent relative survival rates were significantly different between creeks

within years, and between years for pooled creeks when all data were used, and when

information was grouped by abundance class or habitat type (arcsin transformed data;
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Bonferoni adjusted pooled variance t-tests, all p < 0.05). In each case, size-dependent
survival rates were higher in Lemieux Creek than in Mann, and higher during 1997 than
1996. The only exception was for the high abundance class during 1997 where
differences between creeks were not significant (t=1.79, df =8, p=0.11).

To investigate the potential relationship between size-dependent survival and growth,
data from both streams and years were pooled. However for the majority of data
groupings, variation in survival was not explained by differences in overwinter growth
(GLM, p > 0.05; Figure 2.18). The exception was for the mainstem and pool habitat type
class where a significant positive relationship between overwinter growth and survival
was noted (F = 6.25, n = 20, p = 0.02; Figure 2.18, ¢). Nonetheless, the proportion of
variation in survival explained by growth in this comparison was small (r* = 0.26) and the
trend was largely driven by relatively high survival rates in Lemieux Creek during 1997,
especially survival rate of the <60 mm size class. As noted previously, omitting this

category from size-dependent survival analyses produced non-significant results.

DISCUSSION

This research did not suggest survival of juvenile fish through the first winter of
freshwater residence was positively related to fish size at the end of the summer growing
season. This is counter to the findings of some previous studies (e.g., Hartman et al.
1982b, Holtby 1988, Hunt 1969, Oliver and Holeton 1979, Post and Evans 1989b, Quinn
and Peterson 1996, Thompson et al. 1991, Toneys and Coble 1979). Although the
predicted association between large size and survival was evident in pooled data from
Lemieux Creek during 1996, the majority of comparisons by habitat type and abundance
level within both steams and years were either not significant or did not reveal consistent
size-dependent relationships. Results from Mann Creek in 1996 and Lemieux Creek in
1997, for example, indicated the opposite pattern of survival across fall sizes; smaller

individuals appeared to survive better through the winter than their larger conspecifics.
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The suggestion that relatively small young-of-the-year fish sometimes experience a
survival advantage may reflect a decision by these individuals to adopt distinct, possibly
risk averse, overwinter behaviour. The potential factors affecting this decision are
discussed below, but variation in the behavioural strategies adopted by juveniles may
resﬁlt in nonlinear size-dependent survival patterns. In this study, evidence of
nonlinearity was found in Mann Creek during 1996 and Lemieux Creek during 1997,
where size-dependent survival functions were no longer significant when the smallest
size class individuals were removed from analyses. Nonlinearity has also been observed
in laboratory studies of juvenile yellow perch survival (Post and Evans 1989b) and in
studies of size-dependent predation (Hargreaves and LeBrasseur 1986, Healey 1982,
Parkef 1971, Post and Evans 1989a, Taylor and McPhail 1985). Although assessing
whether fish behaviour contributed to nonlinear survival functions was beyond the scope
of this research, results may have important implications for how we model freshwater
production. Specifically, results from this study indicate an existing production model
based on juvenile size-frequency characteristics and a positive size-dependent survival
function (Holtby 1998) may not be sufficient or applicable in some streams.
Incorporation of additional factors to this model may be possible, but further information

is required before this type of approach may be practical for stock assessment purposes.

This study supports the need for further research on size-selective survival within
cohorts of young-of-the-year fish. While much of the empirical evidence of size-
dependent mortality relies on comparisons between fall and spring size-frequency
distributions (e.g., bluegill, Lepomis macrohirus and largemouth bass, Micropterus
salmoides: Toneys and Coble 1979; smallmouth bass, Micropterus dolomieui: Shuter et
al. 1980, Shuter and Post 1990; coho Irvine and Johnston 1992, Peterson 1982b), data of
this sort are inconclusive if size-dependent growth or movement occurs between
sampling periods (Post and Evans 1989b). In this study, the differential effects of size-
related survival, growth and movement were resolved using individual marks, but results
were still inconsistent. Similarly, other studies using individually or categorically

marked fish either showed only slight differences in survival between large and small

members of a cohort (Hunt 1969), failed to support the predicted association between
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large size and survival (Brown 1985), or produced inconsistent results (Quinn and
Peterson 1996). In addition, while positive correlations between mean fall size and
overwinter survival have been found among years at the population level for some
species (e.g., brook trout, Salvelinus fontinalis: Hunt 1969; coho, Holtby 1988), the
opposite pattern has been observed in others. Some studies have found the benefits of
large size may be more evident within cohorts of freshwater fishes than among years

(e.g., juvenile Atlantic salmon, Sa/mo salar; Lindroth 1965 cf Oliver and Holeton 1979).

More consistent size-dependent survival results have been reported for juvenile
salmonids during early ocean life when mortality of smaller members of a cohort is
believed to be relatively high (e.g., Henderson and Cass 1991, Holtby et al. 1990, Ward
and Slaney 1988, Ward et al. 1989), perhaps due to size-selective predation (Hargreaves
and LeBrasseur 1986, Healey 1982, Parker 1971). Size-selective predation is also
important in freshwater systems (Bugert and Bjornn 1991, Dolloff 1993, Post and
Prankevicius 1987, Ruggerone and Rogers 1992, Taylor and McPhail 1985), and Quinn
and Peterson (1996) speculated size-related predation may have been responsible for
higher overwinter survival of larger juvenile coho in a coastal Washington stream. Fish
swimming ability and critical holding ability are markedly reduced at low temperatures
(Griffiths and Alderdice 1972, Rimmer et al. 1985, Webb 1978), and thus overwintering

juveniles may be quite vulnerable, especially to endothermic predators (Cunjak 1996).

Differential selection of small fish did not appear to explain size-related mortality in
either brook trout (Hunt 1969) or largemouth bass (Toneys 1977 cf Post and
Prankevicius 1987) in Wisconsin streams. Instead, authors suggested size-dependent
overwinter survival likely resulted from starvation of the smallest juveniles. Differential
starvation is also believed to have lead to size-dependent mortality in other cold water
systems (Conover 1992, Oliver and Holeton 1979, Smith and Griffith 1994, Thompson et
al. 1991, Toneys and Coble 1979). While weight-specific basal metabolism increases as
size decreases (Weatherly and Gill 1987), relative energy storage capacity decreases with

fish size (Post and Evans 1989b, Shuter et al. 1980, Shuter and Post 1990).

Consequently, smaller individuals exhaust energy stores earlier than larger juveniles, and
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may therefore be more subject to overwinter mortality due to starvation (Post and Evans
1989b, Riddell and Leggett 1981). The importance of stored energy reserves is supported
by field and experimental evidence of reductions in fat content per unit body weight over
the winter (Cunjak 1988b, Gardiner and Geddes 1980, Reimers 1963, Toneys and Coble
1980). In addition, simulations of size-specific loss of energy stores has revealed ‘
mortality rates increase with winter duration (Post and Evans 1989b, Shuter et al. 1980).
Starvation may therefore be an important mechanism behind the observed patterns in
size-related overwinter survival in cold water systems. This is supported by the
suggestion that winter feeding by juvenile fish (e.g., Cunjak 1988a, Riddell and Leggett
1981, Smith and Griffith 1994) is primarily a means of sustaining minimal metabolic
activity (Cunjak 1988b) rather than growth (Conover 1992, Metcalfe and Thorpe 1992).
However, results from this study show that even at very low mean temperatures,
juveniles may continue to grow during winter. Growth was likely much less than during
summer months (e.g., 0.0008 g-day™ in this study during winter vs. 0.0077 g-day™ in
Carnation Creek during summer; Holtby and Hartman 1982), but was higher than
observed for juvenile brown trout on purely maintenance ration (< 0 g-day™'; Elliott

1975a).

Results from this study indicated overwinter growth by juvenile coho was size-
dependent. In both streams, smaller individuals grew more than larger members of the
same cohort, and differences were greater than those predicted based on allométry alone.
This contrasts markedly with studies of fish growth during summer that have found larger
individuals tend to grow more than smaller ones, likely due to differences in foraging
strategy arising from distinct dominance hierarchies within the stream (e.g., Chapman
1962; Chapman 1966; Mason and Chapman 1965; Nielsen 1992). This study also
showed that when size-related variation in growth was accounted for, there were no
consistent differences in overwinter growth between off-channel and mainstem habitat
typés. This was supported by the observation that fish sizes throughout both years were

similar between habitat types in both streams. Some habitat-related differences in growth

were apparent in Lemieux Creek, but similar findings were not observed in Mann.
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Overall however, the pattern of size-dependent overwinter growth in both streams and

years was consistent between habitat types.

‘The pattern of greater growth by smaller individuals was also consistent between
years, despite significant differences in juvenile abundance during the study. While
standing stock and overall stream densities were roughly four times higher in 1996 than
in 1997, the highest sample site densities were actually observed during 1997 (~ 10
fish-m™), not 1996 (~ 4 fish-m™; see Chapter 1). The range in site densities observed
during 1997 may explain why a significant relationship between density during the fall
and overall (i.e. pooled among size classes) growth at each sample site was evident
during 1997, but not in 1996. Nonetheless, when size-related differences in growth were
accounted for, no significant differences in overwinter growth were found between
relatively high and low abundance classes in either stream or year. Consistency in the
pattern of growth across size classes for both abundance levels and habitat types suggests
the prevalence of size-dependent overwinter growth was independent of juvenile spatial

distribution within the streams.

Although habitat related differences in size-dependent growth were not apparent
during the study, the importance of habitat type was evident in assessments of size-
dependent overwinter survival. Results suggested within year variation in overwinter
survival was better explained by the habitat type fish were located in at the onset of
winter, rather than their initial size. In cases where individual fall size was found to be
associated with overwinter survival (e.g., Lemieux and Mann during 1996), fish presence
in off-channel areas during the fall was a better predictor of post-winter recapture
probability than fall size. This contrasts with the population level comparisons of relative
survival between habitat types based on standing stock that did not reveal distinct habitat
related differences in overwinter survival (see Chapter 1). However, results based on
individual marks are likely more reliable because they account for fish movement. Other
studies have also speculated that habitat may affect the intensity of size-dependent

overwinter survival (Brown 1985, Quinn and Peterson 1996), but the complex

interactions among habitat, fish size, overwinter survival and growth are still not well
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understood. For example, laboratory trials of ju{/enile salmonids have shown positive
growth is unlikely below temperatures of approximately 3.5 © C (Elliott 1975a, Elliott
1975b, Elliott 1976), but average temperatures measured during this study were much
lower. This suggests that in order to maintain growth through the winter, juveniles must
have exhibited small-scale selection for warmer conditions such as point sources of
groundwater discharge (e.g., Cunjak 1988a, Cunjak and Power 1986). Therefore, the
importance of these areas appeared to be related to both improved recapture probability
and growth opportunity, which may have then reduced the prevalence of size-dependent
overwinter survival arising from starvation. This provides further evidence for the

importance of groundwater fed areas for overwintering juveniles in interior streams

(Bustard 1986, Cunjak 1996, Swales et al. 1986).

Consistent and significantly greater growth by relatively small juveniles throughout
the study may be indicative of strong selective pressure for individuals to attain a certain
threshold smolt size (e.g., Metcalfe and Thorpe 1990, Nicieza and Brana 1993). The
trade-off between foraging and predation risk has been well demonstrated for juvenile
fish (Dill 1983, Grant and Noakes 1987, Martel 1996, Schlosser 1995, Walters and
Juanes 1993). Combined with reduced swimming performance at low water temperatures
(Grifﬁthé and Alderdice 1972, Rimmer et al. 1985, Webb 1978), this trade-off may cause
individuals to adopt distinct winter behavioural strategies that depend on their pre-winter
size (e.g., Metcalfe and Thorpe 1990, Metcalfe and Thorpe 1992, Thorpe 1987). For
large individuals that were successful at attaining a size consistent with smolting, the best
overwinter strategy may be to adopt risk averse behaviour such as increased hiding,
gregariousness and association with cover (Cunjak 1988a, Murphy et al. 1989, Nickleson
et al. 1992, Rimmer et al. 1983, Rimmer et al. 1984). However, given the additional
mortality risks associated with spending another yéar in freshwater, there may be strong
selection for relatively small individuals to continue feeding through the winter. In
addition, opportunity for compensatory growth during early spring (Holtby et al. 1989,
Irvine and Ward 1989, McMahon and Holtby 1992, Nicieza and Brana 1993, Ward et al.

1989) may be limited, as marine survival is also positively related to the time of seawater

entry (Bilton et al. 1982, Thedinga and Koski 1984). Although overall prey biomass may
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be higher during the summer (Bridcut and Giller 1993, Irons et al. 1993, but see Cunjak
1996, Hynes 1972), the proportion of resources available to smaller individuals is likely
greater during winter due to reduced competition from large juveniles. Winter may

therefore be a period of growth opportunity for relatively small fish.

For many anadromous salmonids, the age at which smolting occurs varies both within
and among populations, largely due to differences in environmental opportunities for
growth (Metcalfe and Thorpe 1990, Thorpe 1987). In this study, marked differences in
winter water temperatures l'ikely explained the distinct patterns in size-dependent growth
observed both within and between streams. Below an optimum of 11 to 15 ° C, growth
opportunity for juvenile salmonids declines with water temperature (Elliott 1975a, Elliott
1976, Ricker 1979). Therefore, the size at which individuals may choose to adopt risk
prone winter foraging behaviour should vary inversely with stream temperature. This
variation should also be evident among streams with differing temperatures. Results
from this study support this assertion. Water temperatures were colder in Mann Creek
than in Lemieux Creek, and differences in absolute overwinter growth between streams
suggest growth opportunity Was likely higher in Lemieux than in Mann. In addition
during both years, the smallest fish in Mann Creek grew both less than slightly larger
individuals in that stream, and less than comparably sized individuals in Lemieux Creek.
This may indicate a threshold size below whi.ch juveniles in Mann Creek were unlikely to
attain a size consistent with smolting even if they grew more overwinter. A threshold
size was not evident in Lemieux Creek possibly because of better growth conditions in
that stream. Research on Atlantic salmon supports the presence of a threshold size for
achieving overwinter growth (Metcalfe and Thorpe 1992, Thorpe 1987). In these studies,
larger juveniles continued to grow, but the smallest individuals adopted risk averse
behaviour and ceased growing, even under conditions that would otherwise allow growth
to occur. Smaller individuals appeared to compensate for forfeited first winter growth by
spending another year in freshwater (Metcalfe et al. 1986, Metcalfe and Thorpe 1992).
Although overwinter behaviour was not investigated during this study, all of the marked

two year old fish recovered during 1997 were less than 60 mm when they were tagged in

the fall of 1996 (55.3 + 1.04 mm; n = 27). Reduced growth by the smallest juveniles in
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Mann Creek may also explain their significantly higher relative overwinter survival rates

during 1996.

* For the study as a whole, there was no indication that higher overwinter growth rates
by small juveniles were associated with decreased survival. This is surprising given the
expected trade-off between foraging and predation risk, but my results may be particular
to cold water systems where ice may provide cover from birds and mammals, and low
temperatures may reduce effectiveness of ectothermic predators. In addition, as long as
stream conditions are suitable for overwinter growth, size-related mortality arising from

differential starvation of smaller individuals may also be less likely.

In summary, there may be strong selection for distinct overwinter behavioural
strategies that depend on fish size in the fall. It may be favourable for relatively large
juveniles to adopt risk averse behaviour during winter, which may result in the winter
being a period of growth opportunity for smaller members of the population. Smaller
juveniles may gain access to a higher proportion of resources, be able to grow more, and
coﬁsequently increase their likelihood of smolting the following spring. Under these
conditions, selection of sites or habitat types with improved opportunities for growth may
explain more of the variability in overwinter survival than fish size. Furthermore, spatial
and temporal variation in environmental conditions for growth may reinforce size
thresholds for the selection of different overwinter behavioural strategies. In some
situations it may be favourable for fish to delay smolting and spend an additional year in

freshwater.
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Table 2.1: Fall sizes of juvenile coho that were recaptured (1) and not-recaptured (0)
during post-winter sampling in Lemieux and Mann creeks, 1996.

Differences are significant overall using individual data, but not when average sizes for
each class are compared.

Fall Recovery Forklength (mm) Weight (g)
Creek size class category N Mean 95% CL Mean =~ 95%CL
- Lemieux <60 I 37 55.74 1.02 1.79 1.06
0 478 54.95 1.0t 1.75 1.02
60 1 67 62.46 1.01 2.50 1.02
0 558 62.04 1.00 246 1.01
65 1 89 67.21 1.00 3.07 1.02
0 643 66.89 1.00 3.04 1.01
70 1 70 71.77 1.00 3.75 1.02
0 540 71.61 1.00 3.79 1.01
75 1 35 76.87 1.01 4.66 1.03
0 250 76.70 1.00 4.67 1.01
ALL T 298 66.64 1.01 3.02 1.03
0 2469 65.15 1.01 286 1.01
Mann <60 1 63 52.95 1.02 1.50 1.07
0 1216 54.09 1.00 1.60 1.01
60 1 29 62.08 1.01 2.45 1.03
0 710 61.91 1.00 242 1.01
65 1 18 66.93 1.01 3.07 1.03
0 596 66.80 1.00 3.04 1.01
70 1 6 70.66 1.01 3.56 1.05
0 251 71.67 1.00 3.74 1.01
75 1 4 76.23 1.04 4.51 1.11
0 130 76.38 1.00 4.53 1.01
ALL I 120 58.53 1.03 2.04 T.01
0 2903 60.74 1.00 2.28 0.01
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Table 2.4: Results from paired t-tests of overwinter changes in fish weight in Lemieux
and Mann creeks, 1996 and 1997.

Mean SD
Year Creek Interval Difference (g) Difference t df p
1996 Lemieux Fall to post-winter 0.4% 0.0 13.6Y 4 < 0.001
’ Mann Fall to post-winter 0.36 0.18 4.51 4 0.010
1997 Lemieux Pre to post-winter 0.34 0.18 4.17 4 0.014
Mann Pre to post-winter 0.26 0.53 1.1 4 0.333
1997 Lemieux Fall to post-winter 0.95 0.36 5.86 4 0.004
Mann Fall to post-winter 0.92 0.60 343 4 0.027

Table 2.5: Results from ANOVA of size-dependent overwinter changes in fish weight
for Lemieux and Mann creeks, 1996 and 1997.

In all cases, the dependent variable was log;o (weight), df = 4, sizeclass = fall size class,
and period = sampling period. Slopes of overwinter growth rates across size classes were
significantly different between sampling periods.

Year Creek Interval N Factor F p
1996 Lemieux Fall to post-winter 3065 sizeclass*period 9.74 <0.001
period 344.14 <0.001
Mann Fall to post-winter 3143 sizeclass*period 2.48 0.042
period 83.74 <0.001
1997 Lemieux Pre to post-winter 978 sizeclass*period 4.92 0.001
period 75.93 <0.001
Mann Pre to post-winter 118 sizeclass*period 1.59 0.183
period 0.76 0.385
1997 Lemieux Fall to post-winter 1171 sizeclass*period 55.95 <0.001
period 820.53 <0.001
Mann Fall to post-winter 657 sizeclass*period 12.91 <0.001
period 85.60 <0.001
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Table 2.6: Results from ANCOVA of abundance related size-dependent changes in fish
weight in Lemieux and Mann creeks, 1996 and 1997.

In all cases, the covariate was fall size, the dependent variable was specific growth rate
and df = 2. Abund_level = high, low or all; see Chapter 2 methods for details. The

| pattern of size-dependent growth across size classes was not significantly different

‘ among abundance levels.

Year Creek Data source N Factor F p
1996 Lemueux Categorical marks 15 abund_level‘mzeclass 1,038 0.377
' abund_level 1.876 0.199
1996 Mann Categorical marks 15 " abund_level*sizeclass 0.052 0.949
abund_level 0.156 0.858
1997 Lemieux Categorical marks 15 abund_level*sizeclass 0.178 0.840
abund_level 1.287 0315
1997 Mann Categorical marks 15 abund_level*sizeclass 0.193 0.828

abund_level 2.644 0.115

Table 2.7: Results from ANCOVA of habitat related size-dependent changes in fish
weight in Lemieux and Mann creeks, 1996 and 1997.

In all cases the covariate was fall size, the dependent variable was specific growth rate
and df = 1. Sep_hab = fall location, either mainstem or off-channel in 1996, or pools or
off-channels in 1997; see Chapter 2 methods for details. No analyses were conducted for
Mann Creek 1997 due to limited data from off-channels. The pattern of size-dependent
growth across size classes was generally not significantly different between habitat types.

Year Creek Data source N Factor ' F p
1996 Lemieux Individual marks 286 sep_hab™sep_wt 0.624 0.204
sep_hab 0.651 0.936
1996 Mann Individual marks 114 sep_hab*sep_wt 0.031 0.861
sep_hab 1.775 0.186
| 1996 Lemieux Categorical marks 10 sep_hab*sizeclass 2.667 0.154
| sep_hab 10.181 0.015
| 1996 Mann Categorical marks 10 sep_hab*sizeclass 0.409 0.546
| sep_hab 0.007  0.937
1997 - Lemieux Categorical marks 10 sep_hab*sizeclass 0.300 0.537

sep_hab 34.763 0.001




97

Table 2.8: Results from ANOVA of allometric and observed size-dependent changes in
fish weight in Lemieux and Mann creeks, 1996 and 1997.

In all cases the dependent variable was specific growth rate and df = 1. Model = data
source, either predicted from allometric model or observed growth during study; size =
initial fall size class; see Chapter 2 methods for details. Lower sample sizes in Mann
Creek are due to the omission of the < 60 mm size class. Slopes of allometric and
observed size-dependent growth rates were significantly different.

Year Creek Data source N Factor F p
1996 Lemieux Categorical marks 10 model*size 141.62 <0.001
model 1.80 0.220
1996 Mann Categorical marks 8 model*size 7.65 0.051
model 0.12 0.740
1997 Lemieux Categorical marks 10 model*size 34.09 0.001
model 0.04 0.850
1997 Mann Categorical marks 8 model*size 13.20 0.022

model 0.17 0.690
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Figure 2.1: Plot of age data based on analysis of scale samples obtained during fall
sampling in both creeks and years.
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Figure 2.2: Length-frequency histograms of coho captured during each sampling period
in both creeks and years.
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Figure 2.3: Relative size-dependent overwinter survival rates of juvenile coho classified
by site abundance level the previous fall, Lemieux and Mann creeks 1996.

Data are summarized for the creeks overall (All), for fish that were located in relatively
high abundance sites the previous fall (High), and for fish that were located in all
remaining, relatively low abundance sites, the previous fall (Low). Results from
significance tests of differences in recapture frequencies among (°) and linearly across
(Cochran Xz) initial size classes are indicated. Note differences in scales between
streams. Sample sizes for all comparisons are found in Appendix 6.
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Figure 2.4: Relative size-dependent overwinter survival rates of juvenile coho classified
by habitat type the previous fall, Lemieux and Mann creeks 1996.

Results from significance tests of differences in recapture frequencies among (Xz) and
linearly across (Cochran xz) initial size classes are indicated. Note differences in scales
between creeks. Sample sizes for all comparisons are found in Appendix 6.
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Figure 2.5: Relative size-dependent overwinter survival rates of juvenile coho classified
by site abundance level the previous fall, Lemieux and Mann creeks 1997.

Data are summarized for the creeks overall (All), for fish that were located in relatively
high abundance sites the previous fall (High), and for fish that were located in all
remaining, relatively low abundance sites, the previous fall (Low). Results from
significance tests of differences in recapture frequencies among (x°) and linearly across
(Cochran Xz) initial size classes are indicated. Note differences in scales between creeks.
Sample sizes for all comparisons are found in Appendix 6.
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Figure 2.6: Relative size-dependent overwinter survival rates of juvenile coho classified
by habitat type the previous fall, Lemieux and Mann creeks 1997.

Results from significance tests of differences in recapture frequencies among () and
linearly across (Cochran y?) initial size classes are indicated. Note differences in scales
between creeks. Sample sizes for all comparisons are found in Appendix 6.
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Figure 2.7: Modeled size-related recapture probability based on significant logistic
regression results for Lemieux and Mann creeks, 1996.

Recapture probability is considered an index of relative overwinter survival and is
represented by Equ. 2.1.
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Figure 2.8: A flow chart of model hierarchy for post-winter recapture probability of
juvenile coho in Lemieux (A) and Mann (B) creeks, 1996.

Log likelihood ratio tests were used to contrast the relative importance of fall size and
location in explaining variability in overwinter survival at different levels of the
hierarchy. The likelihood ratio chi-square (df = 1) for deletion of either fall size, location
or size*location interaction is listed on the arrow connecting models. Size refers to initial
fall weight in g, location refers to initial fall location expressed as habitat type (mainstem
or off-channel), and S*L refers to the interaction of fall size and fall location. Significant
differences are in bold type. The log-likelihood for each model is enclosed in a box with
its name. It was found that fall location explained more of the variability in post-winter
recapture probability than initial fish size.
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Figure 2.9: Plot of individual instantaneous growth rates in weight (Gy,) against initial
fall size of fish overwintering in Lemieux and Mann creeks during 1996.

Lines are the quadratic smooth of the data. Sample sizes, r* values and p values from
GLM analyses are noted.
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Figure 2.10: Graph of categorical instantaneous growth rates in weight (Gy,) against
initial fall size class of fish overwintering in Lemieux and Mann creeks during 1996 and
1997.

Bars are growth rates calculated from the difference between the average size of fishin a
particular size class in autumn, and the average size of those same fish following winter.
Sample sizes for all comparisons are noted in Appendix 6.
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Figure 2.11: Comparison of size-dependent absolute overwinter growth in weight (Gy)

using fall to post-winter sampling data and pre to post winter sampling data from Mann
Creek during 1997.

Errors are + one standard error bars for differences between two means (Zar 1984). Note
higher variability in absolute growth within size classes in the pre to post winter data.
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Figure 2.12: Spatial distribution of post-winter sequential coded wire tag recoveries by
site and habitat type in Lemieux and Mann creeks, 1996.

Site numbers are ordered in a downstream (site 1) to upstream (site 6) fashion. OC = off-
channel sites; MS = mainstem sites. Note differences in scale between creeks. Recapture
frequencies were significantly different among sites and between habitat types in both
creeks (Chi-square; p < 0.05).
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Figure 2.13: Plot of instantaneous overwinter growth rates in weight (Gy,) across initial
fall size classes for different abundance levels.

All = data from all sites; High abundance = data from Ianson channel (Lemieux) or the
beaver pond site (Mann) only; Low abundance = data from all other sites. The pattern of
growth across size classes was consistent among abundance levels.
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Figure 2.14: Relationship between fall site densities and instantaneous overwinter
growth rates in weight (G,,) for data from both streams combined, 1996 and 1997.

Each dot represents data from one sample site. No relationship between variables was
evident in 1996; a significant negative relationship was found in 1997.
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Figure 2.15: Comparison of absolute overwinter growth in weight between creeks
during 1996 and 1997.

Differences in growth between creeks were noted in 1996, but not in 1997.
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Figure 2.17: Comparison of observed size-dependent instantaneous overwinter growth
rates in weight (Gyw) and growth rates predicted from a model of allometric growth.

Allometric differences were not sufficient to explain observed differences in growth
across initial fall size classes. Note different scale for Mann Creek, 1997.
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Figure 2.18: Relationship between instantaneous overwinter growth rates in weight (Gy,)
and relative overwinter survival in both creeks and years.

Data are summarized by abundance level and habitat type in both streams and years. In
most comparisons, no relationship between variables was noted.
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Appendix 2a: Fall mark-recapture population estimates at each sample site for Lemieux
and Mann creeks, 1997.
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Appendix 2b: Post-winter mark-recapture population estimates at each sample site for
Lemieux and Mann creeks, 1997.
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Appendix 4b: Post-winter catch summary and movement data for Lemieux and Mann
creeks, 1996.
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Appendix 6: Sample sizes for growth and relative survival analyses by size class, habitat
type and abundance level for Lemieux and Mann creeks, 1997.
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