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ABSTRACT

Extended Freshwater Rearing of Juvenile Coho Salmon
(Oncorhynchus kisutch) in Northern California Streams

Benjamin O. Ransom

Extended rearing (rearing for more than one summer) of juvenile coho salmon
was documented in five of six study streams in northern California and for four
consecutive years in three study streams during 2000 through 2003. The numbers of
older juvenile coho salmon varied greatly by year and by stream. The proportion of a
cohort that exhibited extended rearing ranged from 0% to almost 30% among streams.
Within one study stream, the proportion of a cohort that reared an additional year varied
from 2% to as much as 30% over three consecutive cohorts. Initial year class strength,
which was measured by density, varied substantially among years, as did average size of
juvenile coho salmon during summer and fall. Neither of these variables showed clear
relationships with subsequent extended rearing. Peak winter streamflow appeared to best
explain the amount of extended rearing. The highest densities of age 1+ juvenile coho
salmon and the largest proportions of cohorts that exhibited extended rearing were
observed during the summer following the winter with the mildest streamflows. Results
from this study suggest that extended freshwater residence may be an important
component of the life history of coho salmon in northern California and indicate that
winter streamflows may have a strong effect on the numbers of individuals that rear in

freshwater for an additional year.
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INTRODUCTION

Despite its historical distribution throughout coastal northern California and its
current status as a threatened species in the state, little is known about variation in
freshwater life history strategies of coho salmon (Oncorhynchus kisutch) in California.
Juvenile coho salmon in the southern part of their range (i.e., southern Oregon and
northern California) reportedly spend one year in freshwater before migrating
downstream as yearling smolts (age 1+). Further north, in parts of British Columbia,
Alaska, and Russia, juvenile coho salmon typically require additional years of freshwater
residence before outmigrating at age 2+ or 3+ (Sandercock 1991). Presumably, slower
growth in the more northern parts of the range of coho salmon results from shorter
growing seasons and colder water temperatures (Sandercock 1991).

Largely based on the research of Shapovalov and Taft (1954) in Waddell Creek,
California, coho salmon in California are commonly assumed to spend one year as
juveniles in freshwater (e.g., California Department of Fish and Game 2002). However, a
two-year juvenile residence life history was recently documented in Prairie Creek,
California (Bell and Duffy 2007). It is not clear whether this variation is an isolated
phenomenon or an established life history strategy throughout at least part of the range of
coho salmon in northern California.

Potential mechanisms resulting in variability in age of outmigration within and
among populations of coho salmon and other anadromous salmonids with variable
freshwater residence periods (e.g., steelhead, Atlantic salmon), include genetic
differences, environmental factors, or a combination of the two. Results of coho salmon

(e.g., Holtby 1988) and Atlantic salmon studies (e.g., Metcalfe et al. 1988, Nicieza et al.



1991) suggest a threshold (be it size or lipid content, or some other measure of size or
condition) that, if not reached, results in an extended freshwater residency. Among
environmental factors, differences in the productive capacity of streams (a function of
food availability, water temperature, the length of growing season, and factors affecting
feeding efficiency) may give rise to variable life histories.

An understanding of the factors causing variation in life history expression is
important because this expression affects coho salmon population abundance, dynamics,
and viability. A two-year freshwater residency may be of individual benefit (the
mortality risk of remaining in the stream an additional winter is less than that of
outmigrating at a small size) but may negatively affect a population as a whole. Larger
size is thought to convey an advantage by reducing predation risk during downstream
migration and in the marine environment (Mathews and Ishida 1989, Ward et al. 1989,
Holtby et al. 1990, Bohlin et al. 1993, Saloniemi et al. 2004). Therefore, prolonging
freshwater residency and growing larger would impart a selective advantage if the benefit
gained outweighed the risk of delaying. The occurrence of two or more age classes
(resulting in increased overall density) sharing a common stream habitat with finite
resources could, however, decrease growth and survival of juveniles at the population
level (Shapovalov and Taft 1954, Harvey and Nakamoto 1997, Jenkins et al. 1999,
Rosenfeld et al. 2005). If this intraspecific predation/competition substantially affects a
population, it may negatively impact the persistence of that population. Alternatively, the
existence of a two-year freshwater stage could benefit a population by increasing the

gene flow between year classes and provide a means of “bet hedging” against variable



environmental conditions (e.g., drought, flood, temporary migration barriers, poor marine
survival, etc.) (Saunders and Schom 1985, Holtby 1987, Young 1999).

The objectives of this study were to: (1) document and compare the period of
freshwater residency of coho salmon among six streams from three watersheds in
northern California; and (2) determine if clear or simple relationships exist between
extended freshwater rearing, initial year class strength (population density), summer
growth rates, and winter streamflow. This would contribute to an understanding of the
variability in life history of coho salmon in northern California. An ancillary objective of
this study was to document and compare juvenile coho salmon summer survival rates in

the study streams using two estimation methods.



STUDY AREA AND SITES

This study was conducted on six streams (Figure 1) in the coastal region of
northern California. Prairie, Streelow, and Boyes creeks are tributaries to Redwood
Creek; Lower South Fork Little River and Carson Creek (also known as South Fork Little
River) are tributaries to Little River; and Ah Pah Creek is a tributary to Klamath River.
The study streams were chosen because they: (1) have populations of coho salmon; (2)
have similar physical features (e.g., stream order, gradient) (Table 1); (3) represent three
historically important coastal coho salmon watersheds in northern California; and (4)
varied in their land-use histories.

The general characteristics of the six study streams, including location, drainage
area, stream order, and slope are presented in Table 1. The Prairie Creek study reach is
largely undisturbed, and is dominated by large stands of old-growth coastal redwood
(Sequoia sempervirens). The Boyes Creek watershed, dominated by stands of second-
and some old-growth redwood, was subjected to extensive sedimentation resulting from
highway bypass construction near its headwaters that was completed in 1993 (Coey
1998) and is reported to be sediment impaired (Sparkman 2003). Streelow Creek was
extensively logged in the 1950s and 1960s and is now dominated by stands of 40 — 50
year old redwood.

Since 1998, the United States Geological Survey California Cooperative Fish
Research Unit at Humboldt State University has been conducting juvenile coho salmon
abundance surveys in the reaches of Prairie, Boyes, and Streelow creeks chosen for this

study.
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Figure 1. The six study streams including (north to south) Prairie Creek, Ah Pah Creek,
Boyes Creek, Streelow Creek, Carson Creek, and Lower South Fork Little River,
and their watersheds in northern California.



Table 1. Location, ownership, stream order, drainage area, and channel slope of the six study streams in northern California.

Location (latitude

Channel slope
(surveyed reach)

Stream longitude) Major watershed Ownership Stream order  Drainage area (km?) (%)
Prairie Creek 14 214;2 02(;,3 53;,, Redwood Creek State 31 10 <1
Streelow Creek 1421;3001,? 595",, Redwood Creek State 2" 75 <1
Boyes Creek 1421;3 011,,5251",, Redwood Creek State 2" 5.5 <3
ti?[\t,\lleerRSi\c/):rth Fork 14 21;? 011,'4048"” Little River Private Timber 2" 14 <1
Carson Creek f21:?003455 Little River Private Timber 2" 10 <1
Ah Pah Creek ale24a2” Klamath River Private Timber 3" 11.5 <2

123°57°02”




Located entirely within private timber company land, the study reaches on Lower
South Fork Little River, Carson Creek, and Ah Pah Creek are dominated by stands of
second-growth redwood. Sampling of Lower South Fork Little River and Carson Creek
was coordinated with Green Diamond Resource Company fisheries biologists who
conduct annual juvenile coho salmon population estimates in these creeks. The Ah Pah
Creek study reach underwent channel reconstruction in the mid 1990s to minimize the
residual impacts of the highway bypass construction that also affected Boyes Creek.
Anadromy in Ah Pah Creek is blocked at lower streamflows by a series of falls
approximately 1.1 km upstream from the confluence of South Fork Ah Pah Creek.

Annual streamflow conditions were variable during the study period (2000-
2003). For reference to the relative magnitude of flows compared to historical flows,
average monthly flows for Redwood Creek at the streamflow gage “USGS 11482500
REDWOOD C A ORICK CA” (a nearby continuous streamflow gage with a long period
of record) are presented in Figure 2. While flows at this site were much greater than
flows experienced in the study streams, these data provide the magnitudes of flows
relative to historical averages experienced during the course of this investigation.
Average summer discharges during 2000-2003 for all study streams were generally low,
from approximately 0.1 m®s™ in July to less than 0.01 m®™ in October. Portions of Ah
Pah Creek were intermittent during the summer and fall of 2001 and 2002; all other study
streams had continuous streamflow throughout the summer and fall of 2000 through

2003.
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The climate in the study region is characterized as “marine west coast”
(Espenshade 1995), with both mild summer and winter temperatures. The annual average
precipitation is between 170-200 cm, with approximately 75% of the rainfall occurring
between November and March (Western Regional Climate Center 2007). Regional
vegetation is dominated by stands of coastal redwood, Sitka spruce (Picea sitchensis),
and Douglas fir (Pseudotsuga menziesii). The understory includes evergreen huckleberry
(Vaccinium ovatum), red huckleberry (V. parvifolium), and ferns (Polystichum spp.).
Riparian vegetation consists primarily of red alder (Alnus rubra), big-leaf maple (Acer
macrophyllum), and salmonberry (Rubus spectabilis).

Fish species common to the region and found in the study streams include coho
salmon, Chinook salmon (O. tshawytscha), steelhead (O. mykiss), coastal cutthroat trout
(O. clarkii clarkiti), three-spine stickleback (Gasterosteus aculeatus), prickly sculpin
(Cottus asper), coastrange sculpin (C. aleuticus), Pacific lamprey (Lampetra tridentata

spp.), and Pacific brook lamprey (L. pacifica).



MATERIALS AND METHODS

Stream Habitat

Habitat surveys were conducted on each stream during early summer in 2000
through 2003 in association with juvenile coho salmon abundance surveys. More
detailed habitat surveys were conducted on the six study streams in 2001 and 2002.
Prairie, Streelow, and Boyes creeks were inventoried during late June/early July in 2001
and 2002; Lower South Fork Little River, Carson Creek, and Ah Pah Creek were
inventoried during July or early August 2001 and 2002. Criteria detailed in Hawkins et
al. (1993) and Bisson et al. (1981) were utilized to distinguish habitat types. Beginning at
the downstream end of each study reach, stream habitats were classified into five types:
deep pools (maximum depth >1.1 m), shallow pools, runs, riffles, and “other.” Units
deemed unsuitable for estimating fish abundance by electrofishing because of habitat
complexity were classified as “other” habitat units. In 2001, habitat unit lengths, two
measures of stream width, and a maximum depth measurement were taken for Prairie,
Streelow, and Boyes creeks. Only habitat unit lengths were measured for Lower South
Fork Little River, Carson Creek, and Ah Pah Creek in 2001. In 2002, habitat unit
lengths, two measures of stream width, and a maximum depth measurement were taken
for all study streams.

Slow water habitats (i.e., pools and runs) made up the majority of stream habitat,
when expressed as average percentage length inventoried, in all streams except Boyes
Creek (Table 2). Carson Creek had the largest percentage length of slow water habitat

and Boyes Creek had the smallest. Approximately two to eight percent of the stream

10



Table 2. Summary of average habitat attributes measured in the six study streams in northern California, 2001 and 2002.

Study reach length Average maximum Study reach length — Study reach length — Study reach average
Stream (m) depth (m) pool/run (%) riffle (%) pool volume (m?)

Prairie Creek 4,739 0.44 58.5 34.0 18.9
Streelow Creek 1,867 0.43 68.5 26.5 8.0
Boyes Creek 1,460 0.27 50.0 46.5 35
Lower South Fork 2,179 0.43 74.4 235 16.7
Little River

Carson Creek 1,320 0.45 75.9 19.3 11.9
Ah Pah Creek 1,165 0.33 65.6 28.0 9.3

1T
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habitat inventoried for all creeks, when averaged over the two-summer period, was
“other” stream habitat types. Average maximum depths of the habitat units were similar
in Prairie Creek, Streelow Creek, Lower South Fork Little River, and Carson Creek, and
were deeper than in Boyes and Ah Pah creeks.

Water temperature was monitored near the downstream extent of the survey
reaches in each stream using Onset Hobo temperature loggers set to record data once per
hour. Water temperature in Streelow Creek during 2001 was estimated using Prairie
Creek data because of logger failure. A linear relationship between water temperatures in
Prairie Creek and Streelow Creek in 2002 was developed and applied to the 2001 Prairie
Creek data to estimate daily average water temperature in Streelow Creek during 2001.
Other small gaps (less than 7 days) in water temperature data were filled using the most
appropriate (i.e., highest r? value) linear regression developed using nearby stream water
temperature data. Water temperature data were summarized and expressed as daily
average and maximum weekly average temperature. Maximum weekly average
temperature provides an index of chronic exposure and is measured as the highest value
of the seven-day moving average of water temperature.

Water temperatures during 2001 and 2002 varied slightly among streams and
between years (Table 3). Within individual study streams, daily average water
temperature during July through October varied less than one degree C between 2001 and
2002. Ah Pah Creek was generally the warmest of the study streams during sampling
periods, but Lower South Fork Little River had the highest single daily average water

temperatures. Streelow Creek was generally the coolest study stream and exhibited the



Table 3. Daily average water temperature and maximum weekly average water temperature observed in the six study streams in

northern California, 2001 and 2002. Ranges of values are given in parentheses.

Stream

Daily average

water temperature (°C)

Jun 28 - Oct 17, 2001

Jul 1 - Oct 23, 2002

Maximum weekly average
water temperature (°C)

Jun 28 - Oct 17, 2001

Jul 1 - Oct 23, 2002

Prairie Creek

Streelow Creek

Boyes Creek

Lower South Fork Little River
Carson Creek

Ah Pah Creek

11.7 (9.9-13.1)
11.4(9.9-12.7)
11.9 (9.5-13.6)
13.3(9.6-15.8)
12.5 (9.6-14.4)

13.5 (11.4-14.9)

11.7 (9.9-12.8)
11.4(9.1-12.4)
12.3 (9.2-14.3)
12.5 (7.5-16.5)
12.3 (7.5-15.0)

13.4 (10.4-14.7)

12.1 (10.7-13.1)
11.7 (10.5-12.7)
12.4 (10.4-13.6)
13.8 (10.6-15.8)
12.9 (10.2-14.4)

13.7 (12.0-14.9)

12.0 (10.4-12.8)
11.7 (9.8-12.4)
12.8 (10.0-14.3)
13.3(8.8-16.2)
13.0 (9.1-15.0)

13.7 (10.9-14.7)

€T



14

smallest range in daily average water temperature. The highest maximum weekly
average water temperatures among the study streams were observed in Lower South Fork
Little River in 2001 and 2002. The lowest maximum weekly average temperatures were

observed in Streelow Creek in 2001 and 2002.

Juvenile Coho Salmon Density, Size, Growth, and Age

All procedures on vertebrates were approved by the Humboldt State University
Institutional Animal Care and Use Committee (protocol # 01/02.F.15.A). Juvenile coho
salmon density was estimated during summer and fall in 2000, 2001, 2002, and in
summer only in 2003 in Prairie, Streelow, and Boyes creeks, and in the summer in 2001
and 2002 in Lower South Fork Little River, Carson Creek, and Ah Pah Creek. Two
methods were applied to estimate juvenile coho salmon densities. For Prairie Creek, a
modification of the Hankin and Reeves (1988) method utilizing calibrated diver counts
was applied. Brakensiek (2002) details the modifications to the Hankin and Reeves
methodology. The multistage, electrofishing-only design of Hankin (1984) was used to
estimate juvenile coho salmon population abundance in the five other study streams. In
these streams, a systematic sampling scheme (1 in k habitat units of each type) with a
random start was used to select slow water habitats for fish sampling. Sampling efforts
were focused on slow water habitats (i.e., pools and runs) because review of data from
previous years suggested that the majority of juvenile coho salmon were collected in
these habitat types (personal communication, W. Duffy 2000. California Cooperative

Fish Research Unit, Humboldt State University, 1 Harpst St., Arcata, CA 95521).



Table 4. Summary of the sampling characteristics for the six study streams in northern California, 2000-2003. Sampling interval is
the number of days between the summer and fall sampling events. Sampling percentage is the percentage of the slow water

habitat area surveyed that was sampled.

Number of
Sampling units - Number of Total area Sampling
Year Stream Sampling dates interval (days) electrofish units - snorkel  sampled (m?) percent (%)
Prairie Creek July 7-12 - 6 16 2001 17
2000 Streelow Creek July 14-16 - 14 - 745 16
Boyes Creek July 2-7 - 14 - 464 13
Prairie Creek Jul 12-18; Oct 17-21 98 8 21 1929 15
Streelow Creek Jun 28-Jul 2; Oct 1-3 96 8 - 262 10
2001 Boyes Creek Jul 4-6; Oct 12-13 101 7 - 325 7
Lower South Fork Little River  Jul 26-27; Aug 31-Sep 4 37 10 - 866 12
Carson Creek Jul 23-24; Oct 9-10 79 8 - 529 14
Ah Pah Creek Aug 2; Sep 25 55 4 - 343 9
Prairie Creek Jul 9-13 - 12 6 1684 13
Streelow Creek Jul 16-18 - 8 - 480 10
2002 Boyes Creek Jul 19-20 - 7 - 195 9
Lower South Fork Little River ~ Sep 4 - 5 - 254 6
Carson Creek Aug 14 - 5 - 256 8.
Ah Pah Creek Jul 25 - 3 - 185 9
Prairie Creek Jun 29-Jul 3 - 10 11 1410 10
2003 Streelow Creek Jul 7-8 - 15 - 581 10
Boyes Creek Jul 9-14 - 14 - 379 16

qT
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The number of habitat units sampled and the proportions of available habitat that
were sampled (sampling fraction) are detailed in Table 4. Generally, a larger number of
units and, thus, a larger proportion of the stream was sampled in Prairie Creek because of
the greater efficiency permitted by the modified Hankin and Reeves (1988) methodology.
In general, approximately 10% of the available slow water habitat was surveyed in the
study streams. The difference in sampling fractions among the streams (except for
Prairie Creek) was a result of chance selection of larger or smaller (in surface area)
habitat units during the unit selection process.

In Prairie Creek, selected units were initially sampled by a single diver who
counted the number of juvenile coho salmon observed in the selected unit. For this study,
the selected units were sampled a second time. If the juvenile coho salmon count was
less than or equal to 20, then repeated dive counts were made and the method of bounded

counts (Routledge 1982) was used to calibrate the first phase dive count:

~

Yuge = X, +(X,, — X,,.;), Where X, denotes the highest count and X1 denotes the

second highest count. If the juvenile coho salmon count was greater than 20, then
depletion electrofishing was used the following day to estimate the abundance of fish in
the unit. In Boyes Creek, Streelow Creek, Lower South Fork Little River, Carson Creek,
and Ah Pah Creek, only depletion electrofishing was used to estimate the abundance of
juvenile coho salmon.

Depletion electrofishing consisted of removing juvenile coho salmon by multiple
pass electrofishing with one or two (depending on the size of the unit) backpack
electroshockers (Smith-Root, Model 12). Selected units were blocked at the upstream

and downstream ends with 6mm mesh netting and were electrofished by a three- to five-



17

member team. Electrofishing passes were made until the number of juvenile coho
salmon removed was less than 25% of those removed during the previous pass, with a
maximum of three passes.

The number of coho salmon in a unit was estimated using a bias-adjusted jacknife

estimator (personal communication, D. Hankin 2007. Humboldt State University, 1

m-1
Harpst St., Arcata, CA 95521): §; = Zci + Co , Where C. is the number of juvenile

i=1

coho salmon captured on pass i, C,, is the number of coho salmon captured on the last

pass, and p is an estimate of capture probability (estimated independently for each

n m n

chik _chk nom

stream) calculated as: p=1--+21= “L_—, where > > C, is the total number of
z Cik _Zcmk o
k=1 i=1 k=1

n
juvenile coho salmon captured in all sample units, chk is the total number of juvenile
k=1

n
coho salmon captured on the first pass in all sample units, and Zcmk is the total number
k=1

of juvenile coho salmon captured on the last pass in all sample units.
For Prairie Creek, average juvenile coho salmon density (d) was determined by:
d = ZYAiMBC + Z )A’;
>ATA,
and electrofishing units, respectively . For the other five streams, average coho salmon

2.9
2A

, Where Ajand A; are the estimated surface areas of sampled diving

density (d) was determined by: d = , Where A; is the estimated surface area of the

sampled electrofishing units.
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Population estimation data for juvenile coho salmon (including stream habitat
inventories, depletion electrofishing counts, and measures of fish weights) in 2000 and
2003 for Prairie, Streelow, and Boyes creeks were collected as part of a long-term study.
These data were incorporated into this study to permit an examination of three successive
cohorts (2000, 2001, and 2002). Data were collected in a manner identical to the data
collected for this study. Data from 2000 and 2003 were not available for Lower South
Fork Little River, Carson Creek, or Ah Pah Creek.

Both the scale analysis and histogram inspection methods (see below) used for
determining age provided an estimate of the proportion of juvenile coho salmon observed
that was age 1+ for each stream during each year. This proportion was multiplied by the

overall estimated density for each stream during each year to estimate the density of age

S . : n,
as described in the following equation: d,,, =——"—*d , where

1+ juveniles, d
n0+,t + nl+,t

1+t

ny, . and n,  are the numbers of age 0+ and 1+ juveniles collected, respectively,

1+t
determined by scale analysis (2001 and 2002) or histogram inspection (2000 and 2003).

The density of age 0+ juveniles, d,. ., during year t was, thus, determined by:

0+t
do,, =1-d,,.

All captured juvenile coho salmon were anesthetized with tricaine methanesulfate
(MS-222) before measuring fork length to the nearest millimeter and wet weight to the
nearest 0.01 g. Juvenile coho salmon captured in the summer of 2001 were also given a
syringe-injected batch mark (Northwest Marine Technology™ Visible Implant Elastomer
tag) in the tissue of the lower jaw. The batch mark identified juvenile coho salmon in 5

mm classes (e.g., fish 46-50 mm were marked with yellow, 51-55 mm fish were marked
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with green, etc.). Juvenile fish were marked in size classes because prior to scale
analyses it was not possible to determine the age differences between large age 0+ fish
and small age 1+ fish. Fish were then allowed to recover before being returned to their
original habitat unit. Less than one percent of juvenile coho salmon handled suffered
observable injury or mortality resulting from electrofishing and handling procedures.

In fall 2000, 2001, and 2002, units that were surveyed in the summer were again
sampled in an effort to estimate fish survival (2000-2002) and growth (2001). In fall
2001, efforts were also made to recapture marked fish. Fall sampling methods were
identical to summer methods except that in 2001 each fish was examined for a jaw mark
instead of being marked. The dates when fish were marked and recaptured in each
stream are provided in Table 4.

Summer growth rate was estimated for each size group or age class using the

equation: 5 _ (logeWa _IOQeth)*loo, where G is specific growth rate (measured as percent
tz _t1

per day), Wy and Wy, are the mean weights at time 1 (summer) and time 2 (fall),
respectively, and t,-t; is the number of days (sampling interval). Specific growth rate is
relative to size at capture and time at large (Ricker 1979, Busacker et al. 1990). Sample
sizes were assumed to be large enough to minimize the effects of gut fullness on growth
estimates.

Although juvenile coho salmon were marked in 5 mm batches, summer growth
was estimated within 10 mm classes (e.g., <51, 51-60, 61-70, 71-80, 81-90, 91-100 and
>100 mm) in order to attain sufficient sample sizes for analyses. Growth rate was
estimated for size intervals that had two or more recaptures. Growth rates were also

estimated for all age 0+ and age 1+ juvenile coho salmon using the mean weights of all
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juvenile coho salmon (marked and unmarked) captured at time 1 and time 2, with fish age
determined by scale analysis.

Juvenile coho salmon age was determined using two methods depending on data
availability. During summer 2001 and 2002, scales were collected for age determination
from all coho salmon greater than 65 to 70 mm fork length (depending on stream) that
were collected electrofishing. Approximately 8 to 15 scales from each fish were
collected and mounted on glass slides and read at 40x and 100x total magnification on a
compound microscope. To help minimize aging error, a second individual read any
scales for which the initial reader judged age to be uncertain. A second individual also
read a total of 25% of all remaining scales. Individuals who read scales had no prior
knowledge of fish size to minimize potential aging bias when reading the scales.
Although scales were not taken from every juvenile coho salmon that was collected, the
results from age determination combined with the inspection of the weight frequency
histograms indicated that the method of collecting scales from all fish greater than 65 to
70 mm fork length succeeded collecting scales from all age 1+ juveniles that were
collected.

For 2000 and 2003, age was determined through the inspection of fall and
summer weight frequency histograms, respectively, because scales were not collected in
these years. Knowledge of known age 1+ sizes and weights gained from collecting scales
in 2001 and 2002 helped with age determination using the histograms for age estimation
in 2000 and 2003. Fall weights were used in 2000 because a sufficient number of fish
was not weighed in the summer. Histogram-only method to determine age did not

provide the certainty of age that scale analysis did because of the potential overlap in size
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of large age 0+ and small age 1+ individuals. Fish weight was used instead of fish length
because inspection of weight and length histograms in 2001 and 2002, when all of the
fish ages were known, indicated that weight more clearly distinguished age classes than
did length.

Age 0+ and age 1+ juvenile coho salmon were observed during fish sampling that
occurred in summer and fall. For the purposes of this study, the age 1+ juveniles that
were observed are considered “presumptive” age 2+ smolts. That is, it is assumed that
age 1+ juvenile coho salmon observed during the summer and fall will over-winter and
migrate the following spring as age 2+ smolts and will not migrate in fall or winter, prior
to putting down a second annulus. The bulk of juvenile coho salmon smolt emigration
occurs in the spring (e.g., Shapovalov and Taft 1954, Holtby and Hartman 1982,
Sandercock 1991, Weitkamp et al. 1995) and, thus, it is reasonable to assume that the age
1+ coho salmon observed in summer, should they survive, will become age 2+ smolts.
For the remainder of this document, juvenile coho salmon in observed in the summer and
fall will be referred to as age 0+ (emerged earlier in the spring) or age 1+ (emerged the
previous spring and over-wintered). Juvenile coho salmon observed as emigrating smolts
will be referred to as age 1+ smolts (emerged previous spring and over-wintered) or age

2+ smolts (emerged the spring before last and over-wintered for two winters).

Proportion of Age 1+ Juvenile Coho Salmon

As an indicator of the proportion of a cohort that exhibited extended freshwater

rearing (i.e., those individuals that were captured during the summer as age 1+ juveniles),
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A

dl+,t+1

I calculated: I3I = , Where &M is the density of age 0+ juvenile coho salmon in

0+t
summer t, and dARt+1 is the density of age 1+ juvenile coho salmon the following summer

(year t+1). The estimation of F3I incorporates summer and winter survival of those age
0+ fish that did not emigrate as age 1+ smolts in year t+1 but reared an additional
summer as age 1+ juveniles.

This calculation does not estimate the proportion of a cohort that emigrates as age
2+ smolts. The actual proportion of downstream migrating smolts that exhibited

extended freshwater rearing could only be calculated from estimates of the actual number

A

.- N ~ . :
of smolts, i.e., P, = =——""——, where N,, ., is the estimated number of age 2+

True
N 1 + N 1+t

2+ t+

smolts in year t+1 and NAHVt Is the estimated number of age 1+ smolts in year t. The

estimate of I3True could only be calculated using data from quantitative smolt outmigration

trapping. Nonetheless, the calculation of I5, is useful because it permits an evaluation of

the potential influence of recruitment, growth, and other habitat conditions on the

expression of extended rearing. Three explanatory variables were examined for potential
relationships with the proportion of age 1+ juveniles (I5I ) that were observed: (1) age 0+

summer density; (2) age 0+ fall size; and (3) winter streamflow.

Juvenile Coho Salmon Survival

Two methods were used to estimate summer survival of juvenile coho salmon.

First, survival rates from July to October 2000, 2001, and 2002 were estimated using the
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ratio of the October abundance estimates (the sum of the estimated number of juvenile
coho salmon over all units sampled) compared to the July abundance estimates for all

units sampled. Using this method, summer survival, s, was estimated in Prairie Creek

ZYAiMBCfaII + Z ¥ fall Z ¥ B This

= T ~ A
zYiMBCsummer + Z yJ summer Z yJ summer

method of estimating summer survival rates reflects both actual survival plus an unknown

using: s = and in the other creeks using: s =

amount of movement into or out of sample units between July and October. Therefore,
summer survival rates of fish within individual habitat unit types and streams should be
positively biased and could exceed 100 percent, reflecting movement of juvenile salmon
into sampling units. In 2001, summer survival also was estimated using the ratio of fish
tagged in the summer to fish recovered in the fall. Using this method, summer survival
rates could not exceed 100%, but do not incorporate potential effects of tag loss, the
probability of recapturing marked fish, or emigration of surviving tagged fish from
sample units. Therefore, this method should be negatively biased. Because both methods
used for estimating summer survival are biased, combining the two methods may provide

survival “bookends”.

Statistical Analyses

Response variables analyzed included stream- and year-specific measures of fish
weight and fish density. A significance (alpha) level of 0.05 was used for all statistical
comparisons. Within stream comparisons of fish density and size for Lower South Fork
Little River, Carson Creek, and Ah Pah Creek were performed using unpaired t-tests for

means assuming unequal variances because only two years of data were collected.
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Within stream comparisons for Prairie, Streelow, and Boyes creeks were performed using
one-way analysis of variance (ANOVA) because more than two years of data were
available. All between stream comparisons were made using ANOVA. In all ANOVA
statistical analyses, assumptions of normality (examination of residual plots) and
homoscedasticity (F-max test and Modified-Levene Equal-Variance Test) were tested
(Sokal and Rohlf 1995). When significant differences were detected in one-way
ANOVA analyses, Tukey’s multiple comparison tests were used to test differences

among streams or years.



RESULTS

Five of the six study streams in 2001 and four of the six study streams in 2002
contained age 1+ juvenile coho salmon that were determined by scale analysis (Table 5).
Generally, the highest numbers of age 1+ juveniles were observed in 2001 and the lowest
in 2002. For example, in Prairie Creek in 2001, 57 of the 120 juvenile coho salmon
observed were age 1+. In contrast, two of the 965 fish observed in 2002 in Prairie Creek
were age 1+. Age 1+ individuals were not observed in Ah Pah Creek in either 2001 or
2002. Sixteen of the 98 individuals observed in Lower South Fork Little River in 2001
were age 1+; none were found out of 541 observations in 2002. Weight frequency
histogram analysis suggested that age 1+ individuals were present in 2000 and 2003 in
Prairie, Streelow, and Boyes creeks (Table 5). The weight frequency histograms for the
juvenile coho salmon observed in the study streams in 2000 through 2003 are presented
in Appendices A-l.

Summer densities of juvenile coho salmon (age 0+ and 1+ combined) varied
among streams and years (Table 6). Density of juvenile coho salmon in Prairie Creek
differed between the years 2000 through 2003 (F3 g=16.60, P<0.001). It was higher in
2002 than in all other years and it was higher in 2003 than in 2001. In Streelow Creek
(Fs, 40=3.76, P=0.018), density differed between 2001 and 2002. Density in Boyes Creek
differed between the years 2000 through 2003 (F3 39=15.52, P<0.001), with lower density
observed in 2000 than in all other years and lower density in 2003 compared to 2002.
Densities in Lower South Fork Little River (t,=-6.26, P=0.003) and Carson Creek (ts=-
11.01, P=0) were greater in 2002 than in 2001. Density did not differ between 2001 and

2002 in Ah Pah Creek.

25
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Table 5. Summary of age determination by scale analysis (2001 and 2002) and weight

frequency histogram analysis (2000 and 2003) of juvenile coho salmon for the six
study streams in northern California.

Number of scales Number of
Year Stream Number sampled analyzed age 1+
Prairie Creek 197 -- 15
2000 Streelow Creek 118 -- 5
Boyes Creek 61 -- 1
Prairie Creek 120 88 57
Streelow Creek 103 78 21
2001 Boyes Creek 301 70 6
Lower South Fork Little River 98 59 16
Carson Creek 104 74 5
Ah Pah Creek 239 59
Prairie Creek 965 37 2
Streelow Creek 378 45 7
2002 Boyes Creek 284 23 5
Lower South Fork Little River 541 67 0
Carson Creek 314 43 1
Ah Pah Creek 164 39 0
Prairie Creek 510 -- 23
2003 Streelow Creek 272 -- 13
Boyes Creek 315 -- 8




Table 6. Summary of the juvenile coho salmon sampling results for the six study streams in northern California, 2000-2003. Summer
survival was estimated in 2000, 2001, and 2002 as the percentage change in the estimated abundance between the summer and
fall. The age class densities estimated using scale (2001 and 2002) and weight frequency (2000 and 2003) analyses results.

Capture
Total area probability Estimated Estimated density (per m?  Estimated summer
Year Stream sampled (m?) (P) number (SE) Total (age 0+, age 1+) survival (%)
Prairie Creek 2000.5 0.432 450 (51) 0.225 (0.208, 0.017) 86
2000 Streelow Creek 744.8 0.644 338 (37) 0.454 (0.435, 0.019) 53
Boyes Creek 463.8 0.768 125 (19) 0.270 (0.265, 0.005) 105
Prairie Creek 1928.9 0.714 248 (46) 0.129 (0.067, 0.061) 93
Streelow Creek 325.2 0.857 106 (12) 0.326 (0.259, 0.066) 87.6
2001 Boyes Creek 261.9 0.772 307 (55) 1.172 (1.149, 0.023) 76.9
Lower South Fork Little River 866.4 0.790 103 (30) 0.119 (0.100, 0.019) 103.8
Carson Creek 528.7 0.793 110 (24) 0.208 (0.198, 0.010) 97.8
Ah Pah Creek 342.7 0.800 249 (10) 0.727 (0.727, 0.000) 75.5
Prairie Creek 1683.7 0.782 1058 (153) 0.628 (0.627, 0.001) 75
Streelow Creek 480.4 0.670 400 (52) 0.833 (0.817, 0.016) 69.9
2002 Boyes Creek 195.1 0.862 288 (52) 1.476 (1.450, 0.027) 70.0
Lower South Fork Little River 254.1 0.581 589 (100) 2.318 (2.318, 0.000) -
Carson Creek 256.1 0.704 333 (17) 1.300 (1.296, 0.004) -
Ah Pah Creek 184.7 0.678 174 (17) 0.942 (0.942, 0.000) -
Prairie Creek 1410.4 0.667 639 (80) 0.453 (0.421, 0.032) -
2003 Streelow Creek 580.8 0.629 353 (54) 0.608 (0.579, 0.029) -
Boyes Creek 379.3 0.793 336 (34) 0.887 (0.864, 0.023) -

Le
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Initial year class strength in 2000, 2001, and 2002 (as represented by age 0+
summer density) for Prairie, Streelow, and Boyes creeks was examined as a potential
factor that could influence the expression of extended rearing in 2001, 2002, and 2003.
In Prairie Creek, density of age 0+ individuals differed among years (F,, 6=36.10,
P<0.001). Density was less in 2001 and greater in 2002 than in other years. In Streelow
Creek, density of age 0+ individuals also differed over the study period (F2, 26=10.86,
P<0.001), with higher density observed in 2002 than in 2000 or 2001. In Boyes Creek,
density of age 0+ individuals was less in 2000 than in 2001 or 2002 (F;, 26=19.33,
P<0.001).

Density of age 1+ juvenile coho salmon also varied among streams and years
(Table 6). The highest density of age 1+ individuals was found in Prairie Creek and
Streelow Creek in 2001. Density of age 1+ individuals varied substantially among years
in Prairie Creek, Streelow Creek, and Lower South Fork Little River. Prairie Creek and
Lower South Fork Little River exhibited the largest differences in the density of age 1+
juvenile coho salmon between 2001 and 2002. The density of age 1+ dropped to
0.001/m? and 0.0/m? for Prairie Creek and Lower South Fork Little River, respectively, in
2002 . In Boyes Creek, density of age 1+ fish was similar between 2001 and 2002. Age
1+ juvenile coho salmon were not present in Ah Pah Creek in either year surveyed.
Overall, density of age 1+ juvenile coho salmon was much lower in 2002 than in 2001.
Densities of age 1+ juvenile coho salmon in 2003 were generally intermediate between

2001 and 2002.
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Summer weights of age 0+ and age 1+ fish did not overlap in 2001 or 2002 in any
of the streams (see Appendices). When age 1+ individuals were present, they were
always clearly larger than age 0+ fish. In 2003, however, weights of larger age 0+
juveniles may have overlapped with weights of smaller age 1+ juveniles. In this year,
scales were not available to confirm fish age, which was estimated by weight frequency
analysis.

In 2001, summer (initial) weights of age 0+ (Fs, 84s=231.6, P<0.001) and age 1+
(F4, 100=12.13, P<0.001) juvenile coho salmon differed among the study streams (Table
7). Age 0+ fish in Ah Pah Creek were larger than those in the other study streams, and
age 0+ fish in Boyes Creek were smaller than those in the other study streams. Weights
of juvenile age 0 + coho salmon in Prairie Creek and Streelow Creek were similar, as
were weights in Lower South Fork Little River and Carson Creek.

In 2002, summer weights of age 0+ (Fs 2220=166.9, P<0.001) and age 1+ (F3,
9=3.95, P<0.047) juvenile coho salmon also differed among the study streams (Table 7).
Similar to 2001, age 0+ fish in Ah Pah Creek in 2002 were larger than in other study
streams. Weights of juvenile coho salmon were similar in Boyes Creek and Prairie
Creek, and smaller than those in the other study streams. Weights of age 1+ juvenile
coho salmon were larger in Streelow Creek than in Boyes Creek. In 2002, no age 1+
juvenile coho salmon were found in Ah Pah Creek or Lower South Fork Little River, and
only one was found in Carson Creek. The between-stream differences in weight were
likely affected by sampling date — streams sampled later in the summer (Lower South

Fork Little River, Carson Creek, and Ah Pah Creek) typically contained larger fish.



Table 7. Summary of juvenile coho salmon summer weights in 2001-2003 and fall weights in 2000 in the six study streams in

northern California. For the Date Surveyed: Early = 1-10; Mid = 11-20; and Late = 21-31. Juvenile coho salmon age was
determined through scale analysis for 2001 and 2002 and estimated by weight frequency analysis for 2000 and 2003.

Age 0+ Age 1+
Number Mgan Number Mgan
Date sampled weight SE Range (9) sampled weight SE Range (9)

Year Stream surveyed (9) (9)

Prairie Creek Late Sep 182 2.88 0.09 0.91-5.95 15 8.44 0.45 6.40 — 13.40
2000 Streelow Creek Late Sep 113 3.38 0.11 1.64 -6.93 5 10.46 0.88  8.44-13.73

Boyes Creek Late Sep 60 3.26 0.12 0.95-5.25 1 7.55 - -

Prairie Creek Mid Jul 63 2.46 0.07 0.97-3.73 57 7.98 0.19 5.47 - 13.22

Streelow Creek Early Jul 81 2.40 0.09 0.93-4.28 21 7.83 0.30 5.74-11.83

Boyes Creek Late Jun 293 1.77 0.05 0.52-5.19 6 9.12 0.70 7.07-11.32
2001 |ower South Fork Little River  Late Jul 82 3.59 010  1.81-6.40 16 10.78 051  7.60-14.76

Carson Creek Late Jul 99 3.58 0.08 2.01-5.59 5 9.35 0.54 7.91-10.72

Ah Pah Creek Ii:g 236 4.35 0.07 1.85-8.49 0 - - -

Prairie Creek Mid Jul 566 1.59 0.04 0.42 - 5.05 2 8.51 0.35 8.16 - 8.86

Streelow Creek Mid Jul 364 1.94 0.05 0.54 - 5.37 6 11.90 1.21 8.24 - 16.19
2002 Boyes Creek Mid Jul 279 1.54 0.05 0.51-5.25 4 7.12 0.30 6.38-7.71

Lower South Fork Little River  Early Sep 540 1.79 0.05 0.43 - 6.87 0 - - -

Carson Creek Mid Aug 313 2.11 0.05 0.50-6.29 1 8.57 - -

Ah Pah Creek Late Jul 164 4.02 0.12 1.76 - 10.29 0 - - -

Prairie Creek Early Jul 477 1.53 0.03 0.54-5.22 36 6.75 024 5.32-12.92
2003 Streelow Creek Early Jul 259 1.58 0.05 0.43-4.28 13 7.14 0.28 5.03-8.41

Boyes Creek Mid Jul 307 1.80 0.05 0.43-4.82 8 7.90 0.65 5.52-11.70

0€
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In 2003, weight of age 0+ juvenile coho salmon in Prairie Creek and Streelow Creek
was less than in Boyes Creek (F; 54=2.27, P=0.113). Weight of age 1+ individuals did
not differ among the three creeks in 2003.

Weights of age 0+ and age 1+ juvenile coho salmon differed between years. In
2001, age 0+ weight in Prairie Creek (F2, 1097=37.84, P<0.001) was larger than in 2002
and 2003 (Table 7). In Streelow Creek (F», 700=29.72, P<0.001), weight in 2001 was
larger than 2003. In Boyes Creek (F» g77=8.60, P<0.001), weight in 2001 and 2003 was
larger than in 2002. In 2001, weight in Lower South Fork Little River (t115=16.30, P=0),
Carson Creek (t179=14.80, P=0), and Ah Pah (t,74,=2.49, P=0.014) creeks were all greater
than in 2002.

Of the 599 juvenile coho salmon marked, 304 were subsequently recaptured in
fall of 2001. This was a recapture rate of approximately 51% (Table 8). Recapture rates
varied among the six streams and between ages (i.e., sizes) of the juvenile coho salmon
marked. The mean number of days between marking and recapturing (days at-large)
ranged from 37 days in Lower South Fork Little River to 101 days in Streelow Creek.

Trends in specific growth rate were similar when expressed as percentage change
in weight per day and as percentage change in weight per degree day. Therefore, only the
results for specific growth rate in days are presented. Growth rate could not be estimated
for all initial size classes because some were not well-represented (i.e., had fewer than
three recaptures) during mark and subsequent recapture. For example, growth rate for the
less than 51 mm size class could only be estimated in Boyes Creek because too few

juveniles in this size range were captured, marked, and recaptured in the other study



Table 8. Summary of the number of juvenile coho salmon marked and recaptured in the study streams during the summer and fall of
2001in northern California. Mean degree days (°C) is the product of the mean number of days and the daily average water
temperature during those days. Juvenile coho salmon age was determined by scale analysis.

Mean dates Mean d'\:graene Age 0+ Age 0+ Age 0+ Age 1+ Age 1+ Age 1+
Stream (tagged-recaptured) days days (°C)  marked (#)  recap. (#) recap. (%) marked (#)  recap. (#) recap. (%)

Prairie Creek Jul 12 - Oct 21 98 1146 61 20 32.8 56 32 57.1
Streelow Creek Jul 04 - Oct 13 101 1159 60 23 38.3 17 11 64.7
Boyes Creek Jun 28 - Oct 03 96 1167 92 22 23.9 6 5 83.3
t?t‘t’lvsrRSisg:h Fork Jul 26 - Sep 04 37 553 81 43 53.1 16 10 62.5
Carson Creek Jul 23 - Oct 10 79 993 95 78 82.1 5 3 60.0
Ah Pah Creek Aug 02 - Sep 25 55 763 110 57 51.8 - - -

Total 499 243 48.7 100 61 61.0

(43
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streams. Similarly, growth for the 91-100 mm size class could be estimated only for
juvenile coho salmon in Prairie Creek and Lower South Fork Little River.

Specific growth rate varied among streams and size classes (Table 9). In Prairie,
Streelow, and Boyes creeks, juvenile coho salmon in the 51-60 mm size class had the
largest specific growth rates. The largest specific growth rates observed in Lower South
Fork Little River and in Carson Creek were in the 71-80 mm size class and the 61-70 mm
and 71-80 mm sizes classes, respectively. For Boyes Creek, Lower South Fork Little
River, and Carson Creek, the lowest specific growth rates were observed in the 81-90 mm
size class. The 71-80 mm and the 91-100 mm size class had the smallest specific growth
rates for Streelow Creek and Prairie Creek, respectively. Specific growth rates for the
three size classes observed in Ah Pah Creek were similar and positive for the 61-70 mm
and the 71-80 mm size classes, and were negative for the 81-90 mm size class.

Size classes of marked juvenile coho salmon were combined to estimate specific
growth rate by age class (age 0+ and age 1+). In 2001, when fish were marked and
recaptured, both age classes were found in all study streams except Ah Pah Creek, which
lacked age 1+ juveniles. Specific growth rates for age 0+ juveniles were considerably
larger than for age 1+ juveniles in all streams that had both age classes. Age 0+ juveniles
in each stream exhibited positive growth. In two streams, age 1+ juveniles exhibited
negative growth (Table 10). Age 0+ growth rates appeared to be related to length of the
growing season with fish in streams that were sampled first having the largest growth

rates.



Table 9. The specific growth rate, per day, of juvenile coho salmon marked in the six study streams in northern California, 2001. Size

classes with insufficient recoveries to calculate growth rate are denoted by NA.

Mean growth

Specific growth rate (% g/day)

Size class (mm)

Stream period (days) <51 51-60 61-70 71-80 81-90 91-100
Prairie Creek 98 NA 0.588 0.378 0.126 0.079 0.066
Streelow Creek 101 NA 0.540 0.312 0.077 0.176 NA
Boyes Creek 96 0.368 0.500 0.358 NA 0.026 NA
Lower South Fork 37 NA 0.202 0.114 0.396 -0.049 -0.111
Little River
Carson Creek 79 NA 0.320 0.449 0.450 -0.005 NA
Ah Pah Creek 55 NA NA 0.136 0.149 -0.148 NA

ve
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Table 10. Specific growth rate, as expressed in percentage change in weight per day, of
age 0+ and age 1+ juvenile coho salmon in the six study streams in northern
California, 2001.

Specific growth rate

(% g/ day)
Mean growth
Mean growth period (degree Age class
Stream period (days) days °C) Age 0+ Age 1+
Prairie Creek 98 1146 0.531 0.092
Streelow Creek 101 1159 0.522 0.142
Boyes Creek 96 1167 0.497 -0.271
Lower South Fork
Little River 37 553 0.064 -0.211
Carson Creek 79 993 0.440 0.045
Ah Pah Creek 55 763 0.036 -
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Fork lengths of juvenile coho salmon in Prairie, Streelow, and Boyes creeks
during fall in 2000, 2001, and 2002 were examined to assess potential relationships
between age 0+ size prior to winter and subsequent expression of extended rearing. Fork
lengths obtained in the fall in Prairie Creek differed between years (F;, 789=56.31, P=0)
(Table 11). Fork lengths in 2000 were smaller than in 2001 and larger than in 2002; fork
lengths in 2001 were larger than in 2002. Fall fork lengths of juvenile coho salmon in
Streelow Creek also differed (F, 414=13.41, P<0.001) over the three-year period — length
was smaller in 2002 compared to 2000 and 2001. Boyes Creek coho salmon also had
different fork lengths (F2, 50s=31.23, P<0.001) in the fall during the 2000-2002 period.
Fork length in fall 2002 in Boyes Creek was smaller than in 2000 and 2001, and was
smaller in 2002 than in 2001.

The proportion of each cohort that exhibited extended rearing was estimated for
12 cohorts (three each in Prairie, Streelow, and Boyes creeks and one each in Lower
South Fork Little River, Carson Creek, and Ah Pah Creek) (Table 11). Within Prairie,
Streelow, and Boyes creeks, there was not a clear relationship between age 0+ summer
density and age 1+ summer density the following year (Figure 3). In some cases
relatively high age 0+ densities resulted in relatively high age 1+ densities and in others it
did not. Results from the 2000 and 2001 cohorts in Prairie Creek suggest that age 0+
density might influence age 1+ density the following year. However, 2002 results in
those two creeks suggest the opposite. In Boyes Creek, the density of age 1+ juvenile
coho salmon was relatively consistent in 2001, 2002, and 2003 despite large differences

in age 0+ density.
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The fall age 0+ fork length data does not appear to explain observed proportions
of age 1+ juvenile coho salmon the following year (Table 11, Figure 4). In Prairie Creek,
moderate densities of moderately sized age 0+ juveniles (2000 cohort) produced the
largest proportion (and highest densities) of age 1+ juveniles the following year. The
2002 cohort in Prairie Creek had the highest densities of the smallest juveniles of the
three cohorts examined, yet produced only a small fraction of the proportion of age 1+
individuals that the 2000 cohort produced. In Boyes Creek, the lowest densities of the
largest juveniles produced the highest proportion of age 1+. Relative maximum winter
streamflow magnitude varied substantially during the study (Figure 5). The proportion of
a cohort that exhibited extended freshwater rearing appeared to be related to winter
streamflow during the first winter (Table 11, Figure 6). The mildest winter (2000/2001),
as represented by lowest peak streamflow, resulted in the largest proportion of a cohort to
rear as age 1+, whereas two winters with relatively high peak flows resulted in small
proportions of age 1+ the following summer.

Summer survival estimates for juvenile coho salmon expressed as the percentage
change in the abundance between the summer and fall population surveys in 2000 were
86%, 53%, and 105% for Prairie, Streelow, and Boyes creeks, respectively (Table 6).
The Boyes Creek estimate may not be reliable because of the low electrofishing capture
probability during fall. In 2001, estimated summer survival rates were highest in Lower
South Fork Little River and lowest in Ah Pah Creek. The average overall estimated
summer survival rate for the six study streams in 2001 was 89%. In 2002, estimated

summer survival using paired abundance surveys in Prairie, Streelow, and Boyes creeks



Table 11. The estimated proportion of coho salmon cohorts observed in the six study streams that exhibited extended freshwater
rearing in northern California, 2000-2003. The density of age 0+ was estimated in cohort year t, and the density of age 1+ for
that same cohort was estimated in year t+1.

Fall
Density fork length (range)  Relative maximum Density
age O+ (mm) winter flow age 1+ ) ~
Cohort (Year, Stream) (fish/m?) age 0+, magnitude (m*s™) (fish/m?) Proportion (P))
Prairie Creek 0.208 60 (43-80) 0.061 29.5%
Streelow Creek 0.435 65 (45-80) 0.067 15.3%
2000 Boyes Creek 0.265 65 (43-78) 58 0.023 8.9%
Lower South Fork Little River - - 0.019 --
Carson Creek - -- 0.010 -
Ah Pah Creek - -- 0.000 --
Prairie Creek 0.068 68 (52-80) 0.001 1.9%
Streelow Creek 0.260 68 (56-75) 0.016 5.9%
Boyes Creek 1.148 59 (39-82) 0.027 2.3%
2001 . . 314
Lower South Fork Little River 0.099 - 0.000 0.0%
Carson Creek 0.198 - 0.004 2.1%
Ah Pah Creek 0.727 -- 0.000 0.0%
Prairie Creek 0.627 57 (31-84) 0.032 5.1%
Streelow Creek 0.817 63 (43-81) 0.029 3.6%
Boyes Creek 1.450 55 (39-79) 0.023 1.6%
2002 . . 532
Lower South Fork Little River 2.318 -- NA --
Carson Creek 1.300 -- NA -
Ah Pah Creek 0.942 - NA -
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six study streams in northern California, 2000-2003.
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had an overall average of 72%. Estimated survival was similar in Prairie, Streelow, and
Boyes creeks during 2002.

Total estimated summer survival rate using mark-recapture (Table 8) in 2001 was
highest in Carson Creek and lowest in Boyes Creek, and averaged 51% for all study
streams. Age 0+ survival using mark-recapture averaged 49% for all study streams. In

contrast, age 1+ survival averaged 61% for all of the study streams.



DISCUSSION

I found extended rearing by juvenile coho salmon in five of the six northern
California streams surveyed. The densities of age 1+ juvenile coho salmon varied
considerably across streams and years. Of 12 cohorts that were followed for two years
during this study, ten had some proportion (as high as 30%) that reared for an additional
summer. Only one of six streams examined during summer did not contain age 1+ in at
least one cohort.

Others have also reported extended rearing by juvenile coho salmon in northern
California. Bell and Duffy (2007) estimated that in spring 2000 approximately 28% of
juvenile coho salmon out-migrants from upper Prairie Creek were age 2+ smolts. They
studied the same reach that was investigated in this study. Bratovich and Kelly (1988)
found only three age 2+ smolts out of over 3,000 fish captured in Lagunitas Creek,
California, during three years of downstream migrant trapping.

Most researchers suggest that, due to more favorable rearing conditions, juvenile
coho salmon in the southern part of their range only spend one year in freshwater before
migrating downstream as yearling smolts (age 1+) (e.g., Shapovalov and Taft 1954,
Sandercock 1991, Nickelson and Lawson 1998). Sandercock (1991) suggested that
environmental conditions (colder water temperature, shorter growing season, etc.) in
more northerly portions of the range of coho salmon could increase proportions of older
(age 2+ and 3+) emigrating juvenile coho salmon smolts. Smolt age of Atlantic salmon
(Salmo salar) in North America (Power 1981) and brown trout (Salmo trutta) in Europe
(Jonsson and L’ Abee-Lund 1993) have also been shown to increase with increasing

latitude and associated decreases in water temperature and growing season. While these
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harsher conditions are not prevalent in northern California, juvenile coho salmon,
nonetheless, exhibit extended rearing in some streams during some years.

The results of my study on juvenile coho salmon, and other studies on coho
salmon and other salmonid species, indicate that proportions of juveniles exhibiting
extended rearing can be highly variable year-to-year. The proportions of juvenile coho
salmon cohorts that | observed as age 1+ differed among streams and years.
Approximately 30%, 2%, and 5% of the initial year class over a three-year period in
Prairie Creek reared for two summers. Boyes Creek had 1.6 to 9% over the same period.
Holtby and Hartman (1982) reported that the proportion of coho salmon smolts that had
reared in freshwater for two years varied from approximately 12 to 57% during an 11-
year period in Carnation Creek, British Columbia. Randall et al. (1987) reported that the
proportion of age 2, relative to age 3 and age 4, juvenile Atlantic salmon varied
substantially year-to-year over a 15-year period from approximately 10% to over 70%.
The results of my study and others’ indicate that the proportion of juvenile salmonids
individuals exhibiting extended rearing can be highly variably year-to-year. This
variability suggests that the rearing environment is likely more important than genetics in
influencing the length of freshwater residence for juvenile anadromous salmonids
(Randall et al. 1987).

Some factors that potentially could influence expression of extended rearing in
juvenile coho salmon cohorts observed in this study include: (1) initial year-class strength
(recruitment as expressed as age 0+ density); (2) summer growth; (3) fry emergence
timing; and (4) size at fall (a factor of summer growth and fry emergence timing).

Observed densities (0.13 to 2.32/m?) of juvenile coho salmon during 2000 through 2003
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in the study streams were highly variable among streams and years but were generally
consistent with densities observed elsewhere (e.g., Murphy et al. 1986, Holtby 1988,
Rodgers 2000, Nickelson et al. 1992a). When focusing on the three cohort years
examined for extended rearing, young-of-the-year densities were highest in 2002 and
lowest in 2001. It is possible that the winter drought conditions during water year 2001
negatively affected adult escapement and juvenile recruitment. Densities in 2000, 2001,
and 2002 indicate that recruitment in these smaller coastal northern California streams
can be highly variable. However, variable juvenile recruitment may not directly affect
smolt production in the six study streams if over-wintering habitat is the single-most
important factor limiting coho salmon populations (Bustard and Narver 1975, Reeves et
al. 1989, Nickelson et al. 1992b, Nickelson and Lawson 1998, Solazzi et al. 2000).
Holtby (1987) found that smolt production in Carnation Creek was insensitive to a very
broad range of fry recruitment. In this study, | found no consistent relationships between
recruitment density and the relative numbers of individuals that exhibit extending
freshwater rearing.

The densities of age 0+ fish observed and density-dependent growth may explain
the differences in summer juvenile coho salmon weight that were observed. Juvenile
coho salmon density, in general, was much lower in 2001 than in 2002 and,
correspondingly, the average weights observed in 2001 were significantly larger than in
2002. Numerous studies on juvenile coho salmon and other salmonids have found that
growth was density-dependent (e.g., Fraser 1969, Hartman and Scrivener 1990, Jenkins et

al. 1999, Roni and Quinn 2001, Rosenfeld et al. 2005, Giannico and Hinch 2007).
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Scrivener and Anderson (1982) found that density of juvenile coho salmon had a large
influence on summer growth rates in Carnation Creek over a 12-year period.

A goal of this study was to determine if differences in duration of juvenile coho
salmon freshwater residence among streams were associated with differences in growth.
However, over a month passed between marking fish in the first and last study streams
due to the amount of time required to collect and mark fish in each of the streams. As
would be expected given this length of time, there were significant differences in initial
weights of the juvenile coho salmon in the study streams. The fish in Boyes Creek,
which were marked first, were significantly smaller than fish in other study streams. Fish
in Ah Pah Creek, which were marked last, were significantly larger than those in other
study streams. Specific growth rate of juvenile salmonids is strongly influenced by size
(Weatherley and Gill 1995). Thus, initial size is an important driver of growth and may
mask other factors such as water temperature, food availability, and general habitat
quality.

Estimates of juvenile coho salmon growth in my study also were affected by the
date the fish were recaptured. Due to logistical constraints resulting from sampling six
study streams and coordinating sampling in two streams with the landowner, there were
large differences in the length of time between mark and recapture (i.e., the growth
period) in study streams. Fish in Prairie (98 days), Streelow (101 days), and Boyes (96
days) creeks were at large for over three months. Fish in Ah Pah Creek (55 days), Carson
Creek (79 days), and the Lower South Fork Little River (37 days) were at large for fewer
days. Fish that were tagged earlier in the summer likely experienced more favorable

growing conditions with lower water temperatures and higher food availability than those
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that were tagged later (Waters 1972, Bachman 1984). Thus, the effects of differences in
time at first capture and length of growth period between the study streams cannot be
determined, but likely were considerable. Given these considerations, the growth
estimates from each of the study streams are not necessarily directly comparable across
streams.

Because of difficulties with estimating age 0+ growth in this study, it was not
possible to investigate extended juvenile rearing as a function of growth during the
previous summer. To provide some insight into possible explanations for the expression
of extended freshwater rearing, juvenile coho salmon fork length in fall was examined as
a proxy for growth. Within Prairie and Boyes creeks, fall fork length generally could be
explained by summer density as higher age 0+ densities resulted in smaller fish in the
fall. This relationship was not as strong in Streelow Creek. However, the proportion of
individuals that exhibited extended rearing could not be explained by the size of
individuals in the fall. Smaller fish did not result in higher densities of age 1+ fish the
following summer. Because over-winter survival is positively related to size (Brakensiek
2002), smaller individuals are much less likely to survive until the following summer,
assuming they are too small to smolt.

Bell (2001) proposed that low growth rates in Prairie Creek may increase the
likelihood of a two-year freshwater residence for juvenile coho salmon. He suggested
that those individuals in Prairie Creek that exhibited a two-year freshwater residence
were significantly smaller during fall than those that emigrated following a one-year
freshwater residence. The presumption that growth rate influences expression of

extended freshwater rearing is strongly supported by research conducted on Carnation
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Creek in British Columbia. Following clear-cut logging in Carnation Creek, juvenile
coho salmon smolt abundance increased significantly independently of any increases in
adult escapement. The increased smolt abundance was attributed to small increases in
water temperatures during the late winter and early spring that resulted in fry emergence
one to six weeks earlier than pre-logging. This earlier emergence, in turn, increased
growing season length and resulted in significantly larger juveniles by fall. For seven
years of monitoring prior to the logging, approximately 45 to 70% of the coho salmon
smolts in Carnation Creek were age 1+. For the 10 years of monitoring following
logging, approximately 60 to 90% of the smolts were age 1+ (for the last five years of
monitoring, greater than 90% of the smolts were 1+).

In a manner similar to the water temperature effects in Carnation Creek following
logging, adult migration timing that resulted in earlier spawning and fry emergence
presumably could decrease expression of extended freshwater rearing by increasing
growing season length. Ah Pah Creek was unique among study streams in that it is a
tributary to the Klamath River and was the only study stream where extended freshwater
rearing was not observed. Coho salmon in the Klamath River begin entering freshwater
in early- to mid-September and reach a peak in during October and November (California
Department of Fish and Game 2002). The other study streams (Prairie Creek, Boyes
Creek, the Lower South Fork Little River, and Carson Creek) are tributaries to smaller
coastal streams (Redwood Creek and the Little River) where adult coho salmon
immigration occurs many weeks later than in the Klamath River and often times is
impeded by low flows (Redwood National Park 1994). It is plausible that extended

rearing was not observed in Ah Pah Creek because the juveniles were able to reach the
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size necessary to smolt because of a longer growing season that resulted from earlier
spawning and earlier fry emergence.

Fry emergence timing (a function of when the eggs are laid and water temperature
during incubation) could be an important factor influencing extended freshwater rearing
expression. Average juvenile coho salmon weight in Ah Pah Creek in 2002, when fish
surveys on the six study streams were conducted during a narrower time frame, was
substantially heavier than from the other study streams. This striking difference in
weight would strongly suggest that emergence occurs earlier in Ah Pah Creek than in the
other study streams.

Neither density nor fall size of juvenile coho salmon satisfactorily explained
observed proportions of cohorts that exhibited extended rearing. Winter/spring
streamflow conditions may also be a factor promoting extended rearing in northern
California. Winter/spring streamflows during November 2000 through May 2001 (for the
2000 cohort) were very mild when compared to those in 2001/2002 and 2002/2003.
Unusually high densities of age 1+ juveniles were observed during the summer following
these mild conditions. High winter flows may affect juvenile coho salmon through direct
mortality or causing movement downstream or to off-channel habitat. The mild flow
conditions in 2000/2001 relative to the other years may have enabled relatively small
individuals (those that would not smolt) to survive the winter and (or) did not induce a
shift to habitat outside of the study area.

The population benefits, if any, of having more than one juvenile age class are not
clear. Holthy (1987) stated that the consequences of the smolt age class shift to age 1+

smolts were uncertain and proposed that the Carnation Creek coho salmon stock, in
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theory, had become more susceptible to oscillations in numbers (i.e., less viable). The
large number of individuals that reared for an additional year might serve to stabilize
smolt production in years following poor adult escapement or poor egg-to-fry survival
(Holtby 1987). In Prairie Creek in 2001, almost 50% of the individuals were age 1+.
Saunders and Schom (1985) suggested that effective population size is increased with
more than one emigrating juvenile age class, allowing smaller populations to persist.

The existence of a two-year freshwater stage may also positively affect the
population by increasing gene flow between year classes (Saunders and Schom 1985).
Typically, coho salmon “jacks” (precocious males that mature at two years old instead of
three) in this region provide the only gene flow between brood years. However, adding a
second year to the freshwater juvenile phase will effectively have the same consequence
provided the smolts spend the typical 18 months at sea. Through the transfer of genes
between brood years, variability in the freshwater residency time of juvenile coho salmon
increases the effective population size, which increases the likelihood of local adaptation
and reduces the susceptibility to genetic drift and inbreeding depression (Young 1999).
Given that many tributaries to coastal northern California streams have small (<100) coho
salmon spawning populations, their vulnerability to deleterious genetic effects resulting
from small population sizes is magnified and makes the transfer of genes between cohorts
that much more important.

Should the existence of extended rearing be found to be more widespread, coho
salmon status reviews and recovery plans should reconsider treating each cohort as
independent. For example, California Department of Fish and Game (2002) in their

status review for California coho salmon stated that:
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“Coho salmon have an almost fixed three-year life cycle throughout most

of their range, including California (Sandercock 1991; Waples et al.

2001). Therefore, a complete generation of coho salmon in a stream

consists of three consecutive, almost completely non-overlapping, brood-

years. Because of this, the number of locally-produced adults returning to

a stream in a given spawning season is almost entirely dependent upon the

number of juveniles produced there three years earlier. Loss of one of the

three coho salmon brood-years in a stream (called broodyear extinction or

cohort failure) therefore represents loss of a significant component of the

total coho salmon resource in that stream.”

Although it is clear that coho salmon populations throughout their range in California are
declining, the viability of individual populations may be buffered to some extent by
extended freshwater residence and broodyear extinction may be somewhat less likely
where extended freshwater residence exists.

A secondary objective of this study was to estimate summer survival. Estimated
survival in my study was both higher and lower than estimates from other studies using
similar techniques. Au (1972) found that over six consecutive years in three coastal
Oregon Creeks mean summer survival (June through September) for juvenile coho
salmon was 44%. Brakensiek (2002) found that July through October survival in Prairie
Creek was approximately 74%. For my study, summer survival was generally related to
juvenile density within each study stream; lower initial density resulted in higher

survival.



53

Large differences between 2001 and 2002 in estimated summer survival using
paired abundance surveys in Prairie and Streelow creeks may have been the result of
differences in recruitment. In Prairie Creek, juvenile coho salmon density increased
nearly five-fold (484%) in 2002 compared to 2001; estimated summer survival in 2002
was 20% less. Density was 2.5 times greater in Streelow Creek in 2002 and estimated
summer survival was 18% less compared to 2001. Boyes Creek experienced a modestly
(25%) higher juvenile coho salmon density and corresponding modest lower estimated
summer survival (7% decrease) in 2002 compared to 2001.

Numerous factors have been identified that affect juvenile salmonid survival
including predation (e.g., Bugert and Bjornn 1991, Gregory and Levings 1996,
Sandercock 1991), food availability (e.g., Giannico 2000), water temperature (e.g.,
Konecki et al. 1995), and other physical habitat features. Juvenile steelhead and coastal
cutthroat trout large enough to prey on juvenile coho salmon were common in each of the
study streams. Shapovalov and Taft (1954) observed that piscivorous fish were
responsible for the majority of juvenile coho salmon loss in Waddell Creek. Water
temperatures recorded in my six study streams were within the ranges identified to be
suitable for juvenile coho salmon rearing (Bell 1986). Evidence suggests that juvenile
coho salmon summer abundance is limited to some extent by summer carrying capacity
(e.g., Chapman 1965, Burns 1971, Scrivener and Andersen 1982).

Estimates of survival in my study streams using paired abundance surveys likely
are biased because they do not account for movement of juveniles between habitat units.
As flows gradually decreased between summer and fall, juvenile coho salmon would be

expected to move from riffles into runs and pools masking true survival estimates when



54

focusing on runs and pools. Brakensiek (2002) found that approximately 12% of
estimated summer coho salmon population in Prairie Creek was found in riffles. He
suggested that low estimated survival (32.5%) of juvenile coho salmon in riffles in Prairie
Creek was the result of fish movement to more suitable rearing habitats. Researchers
have found that summer movements of juvenile salmonids are variable. Gowan and
Fausch (1996), Young (1996), and Kahler et al. (2001) report considerable movement.
Other studies have shown no major downstream (Shapovalov and Taft 1954, Cederholm
and Scarlett 1981, Dolloff 1987) or upstream (Chapman 1962, Hartman et al. 1982)
movements.

Estimates of survival using the ratio of recaptured fish to marked fish also may be
biased because they do not account for: (1) the electrofishing capture probabilities; or (2)
mark retention. Capture probabilities in 2001 ranged from 71 to 86% and, thus, the
overall (combined age 0+ and age 1+) estimated survival may be biased low by 14 to
29%. Additionally, these estimates may further be biased low because it was not possible
to determine the probability that a fish shed its mark because a secondary mark (e.g.,
adipose fin clip) was not applied. Reported visible elastomer tag retention rates for
juvenile salmonids have ranged from 72 to 100%, and depended largely upon size of fish
tagged, experience of the person tagging, and fish handling post-tagging (Bailey et al.
1998, Hale and Gray 1998, Walsh and Winkelman 2004, Bonneau et al. 1995). Although
fish less than 50 mm were marked in this study, tagging smaller fish was more difficult
than larger fish and it is likely that smaller fish did not retain their tags as well as larger
ones. The low survival estimate for Boyes Creek based on mark-recapture likely resulted

from the very small fish that were tagged in that stream. For the reasons identified above,
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it is likely that the actual juvenile coho salmon summer survival rates in the six study
streams were somewhere between the estimates based on paired abundance surveys and
those based on the mark-recapture methods.

Overall, results from this study suggest that juvenile coho salmon near the
southern-most extent of their range (i.e., northern California) will frequently rear in
freshwater for more than single year prior to emigration. Observations of age 1+ juvenile
coho salmon during the summer in five of the six study streams indicate that extended
juvenile coho salmon rearing likely is much more common than previously believed. In
the future, some study should continue to track age 1+ fish in summer through the
following spring to accurately estimate the proportion of a cohort that exhibits extended
freshwater rearing and survives to smolting. Applying size-dependent winter survival
estimates such as those presented in Brakensiek and Hankin (2007) could permit
estimation of over-winter survival for age 1+ juveniles.

A firm understanding of juvenile coho salmon life history is essential for
developing recovery plans for coho salmon in California. The results of my study are
important to consider because they do not support a commonly held belief. Furthermore,
population viability analyses and models (e.g., Botsford and Brittnacher 1998, Ratner et
al. 1997, Nickelson and Lawson 1998, Mangel 1994) that can be important for
establishing recovery goals and (or) prioritizing recovery actions require a firm
understanding of species’ life histories. Results from this study suggest that our
understanding of coho salmon life history in northern California may be more tenuous

than previously believed.
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Appendix A. Weight frequency of juvenile coho salmon in Prairie Creek, California, in
2000 (fall) and 2001. Age 1+ coho salmon were determined by weight frequency
analysis in 2000 and scale analysis in 2001.
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Appendix B. Weight frequency of juvenile coho salmon in Prairie Creek, California, in
2002 and 2003. Age 1+ coho salmon were determined by scale analysis in 2002
and weight frequency analysis in 2003.

65



25% -

2000 (Fall)
n=61
20% -
Estimated Age 0+ Estimated Age 1+
~ 15% -
g
>
&)
c
)
=}
o
o
L 10% -
5% -
0% — ‘I:l‘ I]I]HH “““““ HHH “““““ I] “““““““““““““““““
ISIRN O O O O ) O O O O P P DN PPN LSO
S LSS 0‘00(0 ‘00‘00‘909)0%0%0%0%0%0%0
QQN\/’L’L R @%bb’\ﬂ‘b .\/,\/\.\/,\:L.{l/\/,{},\/b‘»@
Weight (grams)
25% -
2001
n=299
20% -
Age 0+ Age 1+
~ 15% -
=
>
&)
c
o)
=}
o
o
L 10% |
5% -
oo ALLLERARALD 1 P S P
SR R LR e I B ISR IR IS S GRS

Weight (grams)

Appendix C. Weight frequency of juvenile coho salmon in Boyes Creek, California, in
2000 (fall) and 2001. Age 1+ coho salmon were determined by weight frequency
analysis in 2000 and scale analysis in 2001.
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Appendix D. Weight frequency of juvenile coho salmon in Boyes Creek, California, in
2002 and 2003. Age 1+ coho salmon were determined by scale analysis in 2002
and weight frequency analysis in 2003.

67



25% -

2000 (Fall)
n=118
20% -
Estimated Age 0+ Estimated Age 1+
~ 15% -
g
>
&)
c
)
=}
o
o
L 10% -
5% 4
S — I] “““““ H ‘ UHHUUUHUU “““ | R D‘” “““““““ .
O O D Q N} ) M O O O O P P DN PPN LSO
LSS S (o (o %0‘00‘00‘00‘00‘00‘00%0%0%6
00'»'\/’1/’1/’5 @%bb’\ﬂ‘b .\/,\/\.\/,\j/.\j/\/@,\/b‘»,{o
Weight (grams)
25% -
A + Age 1+
ge 0 ge 2001
n=102
20% -
~ 15% -
=
>
&)
c
o)
=}
o
o
L 10% |
5% +
0% HH ““““ I HHUU “““ I H 1nn UH ‘H‘llllll B I |
SR R LR e I B ISR IR IS S GRS

Weight (grams)

Appendix E. Weight frequency of juvenile coho salmon in Streelow Creek, California, in
2000 (fall) and 2001. Age 1+ coho salmon were determined by weight frequency
analysis in 2000 and scale analysis in 2001.
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Appendix F. Weight frequency of juvenile coho salmon in Streelow Creek, California, in
2002 and 2003. Age 1+ coho salmon were determined by scale analysis in 2002
and weight frequency analysis in 2003.
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Appendix G. Weight frequency of juvenile coho salmon in Lower South Fork Little
River, California, in 2001 and 2002. Age 1+ coho salmon were determined by
scale analysis.
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Appendix H. Weight frequency of juvenile coho salmon in Carson Creek, California, in
2001 and 2002. Age 1+ coho salmon were determined by scale analysis.
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Appendix I. Weight frequency of juvenile coho salmon in Ah Pah Creek, California, in
2001 and 2002. Coho salmon age was determined by scale analysis.
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