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Lakes and Reservoir Investigations

COEUR D’ALENE LAKE FISHERY INVESTIGATION
ABSTRACT

During July 2010 we surveyed the kokanee population in Coeur d’Alene Lake using both
trawling and hydroacoustic methodologies. By trawling, we found that age-3 kokanee densities
increased 50% from the previous year to 52 fish/ha. Hydroacoustic surveys indicated a 56%
increase to 96 age-3 kokanee/ha. We attribute this increase in kokanee to the lack of Chinook
salmon O. tshawytscha stocking during 2007 and 2008, and to a good year for kokanee
production calculated at 34.5 kg/ha/yr. A total of 134 Chinook saimon redds were counted in the
Coeur d'Alene River and St. Joe River drainage. We did not attempt to destroy any Chinook
redds because of the upturn in the kokanee population. In addition to the naturally spawning
Chinook salmon, 20,421 age-0 hatchery Chinook salmon were stocked in Lake Coeur d’Alene.
Stocking took place in June and September to test the timing of stocking.
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INTRODUCTION

Kokanee Oncorhynchus nerka are one of the most important sport fish species in the
Panhandle Region. Populations have been established in all the larger lakes in the Region and
several of the smaller lakes are stocked annually. Kokanee first established in Lake Pend
Oreille in the 1930’s by emigrating down the Clark Fork River from Flathead Lake, Montana.
Kokanee were stocked into Flathead Lake in 1916 and were originally from wild stocks from
Lake Whatcom, Washington. Once kokanee were established in Lake Pend Oreille, ldaho
Department of Fish and Game (IDFG) transplanted them to Coeur d’Alene, Spirit, and Priest
Lakes in the 1930’s and 1940’s. Self-sustaining populations were soon established and kokanee
fisheries typically provided 50% to 90% of the angling effort in the large northern Idaho lakes.
The Lake Whatcom stock of kokanee are described as “late spawners” typically using shoreline
gravel rather than tributary streams and spawning from November through early January.

The kokanee fishery in Coeur d’Alene Lake peaked in 1979 with 578,000 fish harvested
and remained at 120,000 to 239,000 kokanee harvested during the 1980’s (Rieman and LaBolle
1980, Fredericks et al. 1997). Fall Chinook salmon O. tshawytscha were introduced into Coeur
d’Alene Lake in 1982 as a biological tool to reduce kokanee abundance and increase their size
at harvest. Fall Chinook salmon were chosen as the preferred predator to reduce kokanee
numbers for a variety of reasons: their relatively short and semelparous life cycle compared to
other species (lake trout Salvelinus namaycush, Kamloops rainbow trout O. mykiss, walleye
Stizostedion vitreum, brown trout Salmo trutta); ability to manage the predators numbers; and
the benefit provided by a Chinook salmon fishery. Chinook salmon have established a naturally
reproducing population by spawning in the Coeur d’Alene and St. Joe river systems. Both

naturally produced and hatchery stocked Chinook salmon are used to achieve the desired
density of these predators.

Adult kokanee densities were below the desired range of 30 to 50 fish/ha since the high
run-off year of 1996. Based on trawling, age-3 kokanee densities were below 10 fish/ha in 8 of
the 11 years of data between 1997 and 2008, and were at 3 fish/ha in 2008, 2007 and 2008.
Our concern was that Chinook salmon predation was impacting, rather than benefiting, the
kokanee fishery. In 2009, we documented a very pronounced increase in the kokanee
population. We attributed this increase to an increase in the productivity of the lake and the lack
of stocking Chinook salmon in 2007 and 2008. This report covers IDFG’s efforts to monitor
kokanee and Chinook salmon in 2010, and manage both populations to improve the sport
fishery in Coeur d’Alene Lake.

OBJECTIVES

IDFG’s objectives for the management of Coeur d’Alene Lake are to manage “for a
kokanee yield fishery and limited Chinook salmon trophy fishery” (IDFG 2008). Chinook salmon

management direction is for greater catches of 1.5-9 kg fish rather than fewer but larger fish
(11+ kg) (IDFG 2008).

To accomplish these objectives, we worked on several tasks. We monitored the
kokanee population by both trawling and hydroacoustics to determine if kokanee were near the
densities needed for a good yield fishery. We counted Chinook salmon redds in tributaries to
the lake as an index of salmon abundance. We also continued our test to determine the best



time to stock hatchery Chinook salmon by tagging and releasing hatchery produced fish during
September and June. Our hope was to find a way to improve the initial survival of stocked
Chinook salmon. Lastly, we graphed the relationship between the number of Chinook saimon
stocked and the resulting number of kokanee adults to attempt to develop a method for better
balancing our stocking program with the kokanee population.

STUDY AREA

Coeur d’Alene Lake is located in northern Idaho near the town of Coeur d’Alene. ltis a
natural lake of 12,742 ha with 9,648 ha of pelagic habitat used by kokanee. The native sportfish
within the lake are bull trout Salvelinus confluentus, westslope cutthroat trout O. clarkii lewisi,
and mountain whitefish Prosopium williamsoni. Introduced fish species include kokanee,
Chinook salmon, rainbow trout, brook trout Salvelinus fontinalis, largemouth bass Micropterus
salmoides, smallmouth bass Micropterus dolomieu, pumpkinseed Lepomis gibbosus, bluegill
Lepomis macrochirus, green sunfish Lepomis cyanellus, yellow perch Perca flavescens, black
crappie Pomoxis nigromaculatus, brown bullhead Ameiurus nebulosus, black bullhead A. melas,
channel catfish Ictalurus punctatus, and northern pike Esox lucius.

METHODS

Kokanee Estimates by Trawling

We used a midwater trawl, as described by Bowler et al. (1979), and Rieman (1992),
and modified to a fixed-frame trawl in 2003 (Maiolie et al. 2004), to estimate the kokanee
population in Coeur d'Alene Lake. The net was 2.2 m wide by 3.01 m tall by 10.5 m long and
was towed through the water at a speed of 1.79 m/s by an 8.8 m boat. Twenty-one transects
were trawled on Coeur d’Alene Lake during the dark phase of the moon on August 10 and 11,
2010. Trawl transects were in the same locations as previous years with one exception. One
transect at the northern end of the lake was repositioned so that it did not cross another transect
(Figure 1). Data were analyzed as a stratified systematic sampling design. Densities of
kokanee within each lake section were averaged to determine an arithmetic mean and
multiplied by the area of that section to determine the section’s abundance. Ninety percent
confidence limits were placed around the estimates based on techniques for stratified
systematic sampling. Kokanee total lengths were measured within a 10 mm size group,
weighed, and scales were collected from representative length groups for age analysis. Whole

scales were placed between glass slides with a drop of water and examined with a microfiche
reader to determine ages.

Because trawling was conducted in July and because Coeur d’Alene Lake kokanee may
grow substantially between August and late November when they spawn, experimental gill nets
were used to capture adults during spawning. Kokanee were netted on December 7, 2010. The
gill net was set near Higgins Point for about 10 min. Potential egg deposition (PED) was
estimated as the number of female kokanee spawners (half the mature population based on
midwater trawling) multiplied by the average number of eggs produced per female. The average
number of eggs produced per female kokanee was calculated using the following length to
fecundity regression (Rieman 1992):



Y = 3.98x - 544

Where: X =mean length of female kokanee spawners (mm)
Y =mean number of eggs per female

We used the trawl estimates to calculate the mean annual mortality rate of kokanee in
Coeur d'Alene Lake. A catch curve was built using trawl abundance estimates of each cohort of
kokanee as it grew from age-0 to age-3. FAST software was used to calculate the average
mortality rate for the specific cohort. We also plotted similar data for the kokanee in Lake Pend
Oreille for comparison. Data for Lake Pend Oreille used the mean annual mortality from age-0
to age-4 since these kokanee live a year longer.

Kokanee Estimates by Hydroacoustics

We conducted a lake-wide, mobile, hydroacoustic survey on Coeur d'Alene Lake to
monitor the kokanee population. This was the third such survey ever done on this lake. The
survey was conducted on the nights of August 17 and 18, 2010. We used a Simrad EK60 split-
beam, scientific echosounder with a 120 kHz transducer to estimate kokanee abundance. Ping
rate was set at 0.3 s/ping. A pole-mounted transducer was located 0.52 m below the surface,
off the port side of the boat, and pointed downward. The echosounder was calibrated prior to
the survey using a 23 mm copper calibration sphere to set the gain and to adjust for signal
attenuation to the sides of the acoustic axis. We used Simrad’s ER60 software to determine,
and input, the calibration settings.

The lake was divided into four sections for this survey. Wolf Lodge Bay was separated
into its own section, like last year, since past surveys showed it contained unusually high
densities of kokanee fry. We followed a uniformly spaced, zigzag pattern of 21 transects
traveling from shoreline to shoreline (Figure 1). The zigzag pattern was used to maximize the
number of transects that could be completed in one night. Also, this pattern follows the general
rule of using a triangular design (zigzags) when the transect length is less than twice the
transect spacing (Simmonds and MacLennan 2005). The starting point of the first transect in
each section was chosen randomly. Boat speed was approximately 2.4 m/s (boat speed did not
affect our calculations of fish density).

We determined kokanee abundance using echo integration techniques. SonarData’s
Echoview software, version 4.9, was used to view and analyze the collected data. A box was
drawn around the kokanee layer on each of the echograms and integrated to obtain the nautical
area scattering coefficient (NASC) and analyzed to obtain the mean target strength of all
returned echoes. This integration accounted for fish that were too close together to detect as a
single target (MacLennan and Simmonds 1992). Densities were then calculated by the
equation:

Density (fish/ha) = (NASC /4111079 0.00292

where:
NASC is the total backscattering in m*nautical mile?, and
TS is the mean target strength in dB for the area sampled.



Two methods were used to split the hydroacoustic density estimate into population
estimates of each age class of kokanee. In the northern sections of the lake (sections 1A and
1B), fry were split from older age classes of kokanee based on in-situ target strengths. A clear
break in the target strength — frequency distribution was seen at -47 dB [approximately 80 mm
total length (Love 1971)] and therefore fry were defined as targets between -60 dB and -47 dB.
Kokanee of age classes 1 to 3 were defined as those targets between -46.9 and -33.0 dB. The
arithmetic average density of these targets in each section were split into ages 1 to 3 based on
the proportions of these age classes in trawl catch for that section.

In the middle and southern sections of the lake, the arithmetic mean density estimate of
all kokanee by hydroacoustics (-60 dB to -33 dB) was split into the density of each age class
based on its proportion in the trawl catch for that section. Kokanee fry in these sections of the
lake comprised only 5%, or less, of the trawl catch. Using -47 dB as maximum target strength
for fry would have overestimated fry abundance. We therefore felt that using the percentage of

each age class in the trawl catch times the hydroacoustic density estimate for all fish was the
more appropriate technique.

To determine a total population estimate for kokanee, the density estimates of each age
class of kokanee in each section, was multiplied by area of each section and summed for the
entire lake.

The results of the hydroacoustic surveys in 2009 and 2010 were used to calculate a
production estimate of the kokanee population by two different methods. The methods included
the Summation Method and the Instantaneous Growth Rate Method as described in Hayes et
al. (2007). The calculation interval for both methods was between the hydroacoustic sampling in
July 2009 and the sampling in August 2010.

Chinook Salmon Stocking Tests

During 2009 and 2010 we stocked Chinook salmon during June and September as a
test to determine the best stocking strategy. Eggs from Tule Fall Chinook salmon were obtained
from the Big Creek Hatchery located 16 miles east of Astoria, Oregon. Eggs were hatched and
reared to size at the Nampa Fish Hatchery before being transported to Coeur d'Alene Lake.
About 10,000 fingerling Chinook salmon were tagged with a coded wire tag and stocked in each
of the two months during the two years (Table 1). All of the Chinook salmon were released at
the Mineral Ridge boat ramp in Wolf Lodge Bay at the northeastern side of the lake. Size at
release varied with the date of release, i.e. larger fingerlings were stocked in September than in
June. The test is therefore to compare the survival rate of smaller fish in June to that of larger
fish in September.

Chinook Salmon to Kokanee Correlations

We attempted to define a relationship between the number of salmon stocked and its
effect on the adult population of kokanee to help guide management of the lake. Several
correlations were plotted to compare the number of Chinook stocked against the resulting
abundance of age-3 kokanee. We concentrated on only the recent data, since 1997, to allow
for potential changes to the system such as low kokanee abundance in the post-flood years,



and a potential increase in wild Chinook salmon. Data plots and correlation coefficients and
were made using Window’s Office PowerPoint 2007.

Chinook Saimon Redd Counts

Each year since 1990, we monitored the spawning of wild Chinook salmon in tributaries
to Coeur d’Alene Lake. Because of restrictions on flying following a recent helicopter accident,
no Department personnel participated in the survey in 2010. Instead, we hired a pilot and co-
pilot to fly a helicopter (Hughes H500 C) and count salmon redds in the Coeur d'Alene River,
North Fork Coeur d'Alene River, South Fork Coeur d'Alene River, Little North Fork Coeur
d'Alene River and St. Joe River on September 27, 2010. We estimated the natural smolt
production from these redds by assuming an estimate of 4,000 eggs per redd, and a mean egg-
to-smolt survival of 10%. None of the redds were destroyed in 2010 as had been done in some
previous years.

RESULTS

Kokanee Estimates by Trawling

Based on trawling, we estimated Coeur d’Alene Lake contained 660,400 (x 56%),
2,164,100 (+ 45%), 1,613,300 (+ 38%), and 506,200 (+ 35%) kokanee of ages 0, 1, 2, and 3,
respectively (Table 2). Density of age-3 kokanee was calculated at 52 fish/ha. Standing stock
was estimated at 20.11 kg/ha with a total population biomass of 194 metric tonnes (t); (Table 3).
Survival rates from 2009 to 2010 were 290%, 102%, and 24% for age 0to 1, 1to 2 and 2 to 3,
respectively, based on our trawl calculations.

Kokanee fry collected in the trawl were in the 30 to 70 mm total length groups with a
modal length of 40 mm (Figure 2). Age-1 kokanee ranged from 90 to 150 mm with a modal
length of 130 mm. Age-2 fish ranged from 160 to 210 mm with a modal length of 190 mm. Size
of the age-3 kokanee in the trawl catch ranged from 200 mm to 240 mm (Figure 2). Mean
weights were 0.6, 19, 65, and 95 g for kokanee age classes 0 to 3, respectively. Mean weight
of age-1 kokanee at the southern end of the lake was 36% larger than those at the northern end
of the lake (20.16 g versus 14.85 g).

We collected 71 mature kokanee near Higgins Point in Wolf Lodge Bay in a 10 minute
gill net set on December 7, 2010. Mean length of female kokanee was 253 mm (TL), (n=13).
Males averaged 272 mm (n=58). Total length of both sexes was smaller than the previous five
years, but remained larger than the sizes seen between 1976 and 1996 (Figure 3). Mean
fecundity was estimated at 463 eggs per female based on their size (Rieman 1992). Most
kokanee matured at age-3. Assuming a 50:50 male to female ratio, the lake contained 253,100
mature females during 2010 at a fecundity of 463 eggs/female. Potential egg deposition was
estimated at 117.1 million eggs. Survival of the 25 million kokanee eggs laid in 2009 to the
660,000 fry in 2010 was calculated at 2.6% (Table 4).

Mean annual mortality rate for the cohort of kokanee that reached age-3 in 2010 was
estimated at 47% (Figures 4 and 5). This was a sharp improvement from the 87% mean annual



mortality of the cohort that matured in 2008, and was the lowest annual mortality rate since
1996. A plot of mean mortality rates from kokanee in Lake Pend Oreille showed a similar

pattern. Both systems showed a pronounced increase in mortality in the mid-1990’s that
remained high through 2008.

Kokanee Estimates by Hydroacoustics

Hydroacoustic estimates for Coeur d’Alene Lake were calculated for 2010. We found
the lake contained 4,025,000 kokanee fry (417/ha), 3,089,000 age-1 kokanee (320/ha),
3,042,000 age-2 kokanee (315/ha), and 923,000 age-3 kokanee (96/ha). Total abundance was
11,079,000 kokanee (1,148/ha) (Table 5).

The highest densities of kokanee fry were found at the northern end of the lake
particularly in Wolf Lodge Bay (Table 5). Most of the kokanee spawning is believed to occur
along road fills in this bay, and it appeared that most of the fry remained in the northern sections
of the lake throughout the summer. Only low densities of fry were found in the middle and
southern sections.

The highest abundance estimates for age-1 to age-3 kokanee were found in the middle
section of the lake. We estimated this section contained 2.3 million age-1 kokanee, 2.4 million
age-2 kokanee and over 700,000 age-3 kokanee.

Target strengths of kokanee at the northern end of Coeur d’Alene Lake formed a
bimodal distribution (Figure 6). The lower decibel mode cofresponded to fry, with the higher
decibel mode corresponding to kokanee of ages 1 to 3. As expected, fry could be enumerated
separately in the northern section of the lake, but the older age ciasses needed to be partitioned
based on their percentage in the trawl catch.

We calculated survival rates of kokanee based on the changes between last year's and
this year's hydroacoustic survey results. From age-0 to age-1, age-1 to age-2, and age-2 to
age-3, we calculated survival at 86%, 123%, and 25%, respectively (Table 6).

We estimated kokanee production by two different methods in 2010. By the “Summation
Method”, we calculated that Coeur d’Alene Lake grew 333 t of kokanee (35 kg/ha/yr) (Table 7).
By the “Instantaneous Growth Rate” method we estimated production at 399 t (41 kg/ha/yr)
(Table 7). Difference between the two estimates was 17%. The totai weight of all kokanee that
died in 2010 was 218 t (23 kg/ha/yr). By subtracting the mortality from the production estimated
by the Summation Method, we calculated the kokanee population should have had a net

increase of 115t (333t - 218 t). Biomass estimates indicated the population increased a total
of 117 t; from 229 t in 2009 to 346 t in 2010.

Chinook Saimon Stocking Tests

No results are yet available for the Chinook salmon stocking test. Anglers have reported
catching a few adipose clipped Chinook of age-0 or age-1, but these small fish were released.
Approximately 25 “Angler Diaries” were given to members of the Lake Coeur d’Alene Anglers



Association to keep track of fin clipped and non-fin clipped salmon that they catch. Efforts to
monitor the fishery and recover tags should be continued for the next several years.

Chinook Salmon to Kokanee Correlations

Two regressions between Chinook salmon and adult kokanee were found to have good
correlations. Our best correlation was between the number of age-3 kokanee and the number

of Chinook salmon stocked 2 and 3 years previous (r°= 0.75, based on a linear relationship)
(Figure 7).

A good correlation was also found between the number of age-3 kokanee and the number of
Chinook salmon stocked 2 years previous plus half the number of salmon stocked 3 years
previous (= 0.70) (Figure 8). This regression takes into account that the Chinook salmon
stocked three years previous were still present in the lake, but reduced by mortality.

A weaker correlation was found when we regressed age-3 kokanee abundance against our
combined estimate of hatchery and wild Chinook salmon (r*= 0.26). This regression included an

estimate of wild Chinook salmon which makes up a considerable portion of all the salmon in the
lake.

Chinook Salmon Redd Counts and Stocking

We counted 112 Chinook salmon redds in the Coeur d’Alene River drainage and 22 in
the St. Joe River during 2010 (Table 8). The highest number of redds were found in the reach
between the Cataldo Mission and the confluence with the South Fork of the Coeur d’Alene
River.

In previous years we limited wild Chinook salmon spawning to no more than 100 redds
in the Coeur d’Alene Lake drainage. This year we did not attempt to destroy any of the 134
redds. We estimated roughly 53,600 smolts would be produced naturally from the 134 redds.

DISCUSSION

Kokanee Population Estimates

Most age classes of kokanee in Coeur d'Alene Lake greatly increased in abundance
over the last two years. For example, estimates of age-3 kokanee increased from 28,000 in
2008, to 337,000 in 2009, to 506,000 in 2010 based on trawling (Table 2). Similar increases
were noted in the hydroacoustic estimates of kokanee as adult abundance increased from
39,000 in 2008, to 592,000 in 2009, to 923,000 in 2010 (Table 6). This pronounced increase is
particularly remarkable considering the low parental stock from which it originated. The
estimated 506,000 adults this year came from 34,000 adults in 2006 for an increase of 1,388%

within one generation. Recoveries such as this illustrate the strong resiliency of a kokanee
population within good habitat.



We attribute this pronounced increase in the population mostly to two factors. First, the
lack of Chinook salmon stocking in 2007 and 2008 should have reduced predation. This fits the
correlation between the numbers of Chinook saimon stocked and the resuiting abundance of
adult kokanee seen in Figures 7 and 8. lt is interesting to note that survival rates in the younger
age classes of kokanee appeared very high, but survival from age 2 to 3 remained low (Table
6). This is somewhat contrary to the thinking that a lack of Chinook salmon stocking in 2007
and 2008 should now be reducing the predation on older kokanee stocks. Monitoring survival
rates in future years will help our understanding of the role of stocking and predation.

Second, 2010 appeared to be an excellent year for kokanee growth. Our calculations of
production indicated the lake grew about 35 kg/ha of new kokanee flesh between sampling
dates (Table 7). This was a 58% increase over last year’s estimate of 22 kg/ha. Such boosts in
annual production could allow kokanee to get ahead of predation and increase in biomass. To
date, we do not have a good understanding of what constitutes a good growing year for
kokanee. One possibility was that 2010 was a more normal water year, which was proceeded
by two winters of high snowpack. The high water years could add nutrients to the lake, which
could then take an additional year, or a year of clearer water, to be fully utilized.

By trawling, kokanee fry abundance appeared to drop for the second straight year and
reached a new record low of 68 fry/ha (Table 2). The hydroacoustic survey indicated that
kokanee fry were low, but not critically low with an estimated density of 417 fry/ha. This was
slightly higher than the 370 fry/ha measured by acoustics in 2009, but well below the 1,086
fry/ha estimated in 2008. We believe the trawl tends to underestimate fry abundance as their
numbers decline. The echograms show the highest densities of fry were at the shallower end of
Wolf Lodge Bay and near the shorelines on some transects. Trawling tends to miss these areas
since hauls are conducted only towards the center of the bays. We conclude that 2010 was a
low year for fry production but not as critically low as the trawling would indicate. We therefore

recommend close monitoring of this cohort but do not recommend drastic reductions in Chinook
salmon stocking.

Chinook Salmon to Kokanee Correlations

A reasonably good trend was found in correlations of adult kokanee abundance and
Chinook salmon stocking (Figure 7 and 8). Adult kokanee were inversely proportional to the
number of Chinook salmon stocked 2 and 3 years earlier, and also to the number of Chinook
salmon stocked 2 years earlier and one half the number stocked 3 years earlier. This latter

correlation was meant to take into account that mortality would be a factor on the older group of
Chinook salmon.

The two and three year lag time is an important point. A year class of kokanee appeared
to be affected by both the year class of Chinook salmon that were the same age, and also the
year class of Chinook salmon that were a year younger. Therefore the low year class of
kokanee fry in 2010 would be influenced by the Chinook salmon stocking in 2010 and 2011.
This gives managers one additional year to decide on an appropriate Chinook salmon stocking
level after fry abundance has been estimated.

During 2009 and 2010, we tested a fall stocking of Chinook salmon that were released in
Wolf Lodge Bay. Results of this stocking will not be available for a year or two as these fish
enter the fishery. If fall stocking proves successful, we could then monitor the kokanee



population in July, and decide on the appropriate number of Chinook salmon to stock in
September. This would help to balance Chinook saimon and kokanee even in the first year that
a weak or strong year class of kokanee was detected.

A reasonable objective for this lake would be to have 30-50 adult kokanee/ha present in
the July trawl sampling (Rieman and Maiolie 1995). This translates to an adult year class of
290,000 to 480,000 kokanee. Both of these two correlations indicate that Chinook salmon
stocking would need to be held fairly low in 2011 to reach the desired kokanee density. These
correlations were developed with kokanee starting from a very low level. We would suspect that
higher amounts of Chinook salmon could be stocked on a recovered population of kokanee.
We therefore recommend a moderate stocking of 20,000 Chinook salmon in 2011. Keeping the

stocking level constant for a few years will also help us to see the amount of annual variation in
the kokanee population.

Before 1996, there was almost no discernable trend between stocking Chinook salmon
and adult kokanee abundance. We found good numbers of adult kokanee even in some years
of high Chinook salmon stocking. After 1996, it appeared the system changed. The changes
could include several factors. Wild Chinook salmon that naturally spawn in the drainage could
be more numerous than in the earlier years. Evidence for this includes the finding that wild
Chinook salmon supported most of the harvest of 2,500 fish in 2009. Secondly, post 1996
kokanee were starting from a lower number of eggs. This may have allowed the Chinook
salmon to have a more pronounced influence on aduit kokanee numbers. If this was the case,
returning to more abundant year classes of kokanee may allow for more Chinook salmon
stocking than indicated by the correlations in Figures 7 and 8.

A plot of the estimated total number of Chinook salmon (both wild and hatchery fish) was
only weakly correlated to kokanee abundance (Figure 9). We suspect this was due to our rather
rough estimates of the number of wild smolts entering the lake. To date, no direct abundance
estimate for any age class of Chinook salmon has been made. One concern is that wild salmon
could exponentially increase causing declines in the kokanee population. Chinook salmon in
Lake Superior have been successfully at naturally spawning to the extent that most of the
salmon are wild (Peck et al. 1999). They recognized that an abundance of naturalized Chinook
salmon would reduce the need for stocking, but would also decrease their ability to manage
salmon populations and their effect on the fish community. Similar findings were made for Lake
Huron where 80% of the Chinook salmon is now believed to be of natural origin (Johnson et al.
2010). We therefore recommend continued close monitoring of the number of salmon redds
and the abundance of kokanee as indicators of the abundance of wild salmon.

Kokanee Mortality

One finding noted during this study was a synchrony of the mortality rates of the Coeur
d’Alene and Lake Pend Oreille kokanee populations (Figure 4). Coeur d’Alene Lake and Lake
Pend Oreille are in two separate drainages. Both lakes have different predator species. Both
lakes also have very different conditions of kokanee spawning habitat. One lake has opossum
shrimp Mysis diluviana and one lake does not. Yet both populations have had a similar pattern
of kokanee mortality since the mid-1990’s. We recommend continuing to compare these two
lakes in the future to note factors which could affect both systems such as weather, runoff,
management changes, or other over-reaching effects.  Another suggestion would be to
recalculate the mortality rates in each system excluding the number of fry from the catch curve.
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Kokanee fry are not completely recruited to the trawl gear and would therefore reduce the
estimate of mortality.

MANAGEMENT RECOMMENDATIONS
1. Publicize the kokanee fishery in Coeur d’Alene Lake to see if fishing pressure

can be increased on these stronger year classes of kokanee.

2. Sample the harvest of Chinook salmon in 2011 to look for adipose clipped fish
and evaluate the two stocking strategies.

3. Stock a limited number (about 20,000) of Chinook salmon in Wolf Lodge Bay. If
possible, salmon should be marked with adipose fin clips, be tagged with coded

wire tags, and released during June and September to continue the test of
stocking methods.

4, Continued close monitoring of kokanee and Chinook salmon redds to note any
indication the naturalized population of salmon is increasing.
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Table 1. List of tagged Chinook salmon stocked in Coeur d’Alene Lake during 2009 and 2010.
These fish are part of a test to determine the best month and size for stocking.

Date Number of Tag Code Fin Clip Mean length Mean

stocked Chinook at stocking weight
salmon (total length in (9)
stocked mm)

6/3/09 10,570 10-63-70,10-74-04 Adipose 135 28

6/3/09 127 none Adipose

9/9/09 10,936 10-92-71 Adipose 180 65

9/9/09 617 none Adipose

6/21/10 10,300 10-90-70, 10-91- Adipose 150 40

71
9/15/10 10,121 10-34-80,10-8- 72  Adipose 194 87
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Table 2. Estimated abundance of kokanee made by midwater trawl in Coeur d’Alene Lake,
Idaho, from 1979-2010. To follow a particular year class of kokanee, read right

one column and up one row.

Sampling Age Class Total Age
Year Age-0 Age-1 Age-2 Age 3/4 3/ha
2010 660,400 2,164,100 1,613,300 506,200 4,943,900 52
2009 731,600 1,611,800 2,087,400 333,600 4,764,400 35
2008 3,035,000 3,610,000 1,755,000 28,000 8,428,000 3
2007 3,603,000 2,367,000 136,000 34,000 6,140,000 3
2006 7,343,000 1,532,000 91,000 33,900 8,999,000 3
2005 - - - - - -
2004 7,379,000 1,064,000 141,500 202,400 8,787,000 21
2003 3,300,000 971,000 501,400 182,300 4,955,000 19
2002 3,507,000 934,000 695,200 70,800 5,207,000 7
2001 7,098,700 929,900 193,100 25,300 8,247,000 3
2000 4,184,800 783,700 168,700 75,300 5,212,600 8
1999 4,091,500 973,700 269,800 55,100 5,390,100 6
1998 3,625,000 355,000 87,000 78,000 4,145,000 8
1997 3,001,100 342,500 97,000 242,300 3,682,000 25
1996 4,019,600 30,300 342,400 1,414,100 5,806,400 146
1995 2,000,000 620,000 2,900,000 2,850,000 8,370,000 295
1994 5,950,000 5,400,000 4,900,000 500,000 12,600,000 51
1993 5,570,000 5,230,000 1,420,000 480,000 12,700,000 50
1992 3,020,000 810,000 510,000 980,000 5,320,000 102
1991 4,860,000 540,000 1,820,000 1,280,000 8,500,000 133
1990 3,000,000 590,000 2,480,000 1,320,000 7,390,000 137
1989 3,040,000 750,000 3,950,000 940,000 8,680,000 98
1988 3,420,000 3,060,000 2,810,000 610,000 10,900,000 63
1987 6,880,000 2,380,000 2,920,000 890,000 13,070,000 93
1986 2,170,000 2,590,000 1,830,000 720,000 7,310,000 75
1985 4,130,000 860,000 1,860,000 2,530,000 9,370,000 263
1984 700,000 1,170,000 1,890,000 800,000 4,560,000 83
1983 1,510,000 1,910,000 2,250,000 810,000 6,480,000 84
1982 4,530,000 2,360,000 1,380,000 930,000 9,200,000 97
1981 2,430,000 1,750,000 1,710,000 1,060,000 6,940,000 110
1980 1,860,000 1,680,000 1,950,000 1,060,000 6,500,000 110
1979 1,500,000 2,290,000 1,790,000 450,000 6,040,000 46

Mean 1979
-2006 3,856,285 1,552,078 1,516,930 762,574 7,568,930 79
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Table 3. Kokanee population estimates and standing crop (kg/ha) in each section of Coeur
d'Alene Lake based on trawl sampling on August 10 and 11, 2010.

Section Age-0 Age-1 Age-2 Age-3 Standing

Stock

(kg/ha)
1 482,700 196,100 222,500 56,700 11
2 161,300 1,251,400 1,296,200 400,100 25
3 16,400 716,600 94,600 49,400 15
Whole lake total 660,400 2,164,100 1,613,300 506,200 20

90% confidence limits as 56% 45% 38% 35%
a percent
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Table 4. Estimates of female kokanee spawning escapement, potential egg deposition, fall
abundance of kokanee fry, and their subsequent survival rates in Coeur d'Alene Lake,
Idaho, 1979-2009. All data were based on trawl sampling.

Estimated female Estimated Fry estimate the Percent egg to

Year escapement potential number following year fry survival
of eggs (x10°%) (x10°

2010 253,100 117
2009 48,540 25 0.66 2.6
2008 13,852 10 0.75 7.8
2007 17,100 13 3.04 23.4
2006 16,900 12 3.60 28.9
2005 - - 7.34 A
2004 101,000 76 2 2
2003 91,000 62 7.38 12.0
2002 35,000 25 3.30 13.2
2001 12,650 10 3.50 34.0
2000 37,700 32 7.10 22.2
1999 28,000 19 4.18 22.6
1998 39,000 26 4.09 15.7
1997 90,900 54 3.60 6.67
1996 707,000 358 3.00 0.84
1995 1,425,000 446 4.02 0.90
1994 250,000 64 2.00 0.31
1993 240,000 92 5.95 6.46
1992 488,438 198 5.57 2.81
1991 631,500 167 3.03 1.81
1990 657,777 204 4.86 1.96
1989 516,845 155 3.00 1.94
1988 362,000 119 3.04 2.55
1987 377,746 126 3.42 2.71
1986 368,633 103 6.89 6.68
1985 530,631 167 2.17 1.29
1984 316,829 106 413 3.90
1983 441,376 99 0.70 0.71
1982 358,200 120 1.51 1.25
1981 550,000 184 4.54 2.46
1980 501,492 168 2.43 1.45
1979 256,716 86 1.86 2.20

 No estimate could be made due to missing trawl data in 2005.
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Table 5. Kokanee population estimates in each section of Coeur d’Alene Lake based on
hydroacoustic sampling on August 17, 2010.

Section Age-0 Age-1 Age-2 Age-3

1A 1,434,820 94,971 54,017 10,835

1B 2,284,586 326,656 547,562 149,093

2 297,790 2,310,331 2,393,003 738,631

3 8,166 356,798 47,071 24,614

Whole lake total 4,025,362 3,088,755 3,041,653 923,173

Table 6. Kokanee population estimates for Coeur d’Alene Lake made by hydroacoustics during
2009 and 2010. Survival rate was calculated between years.

Year Age-0 Age-1 Age-2 Age-3

2010 4,025,400 3,088,800 3,041,700 923,200
Survival rate 86% 123% 25%

2009 3,673,700 2,466,300 3,738,100 591,800
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Table 7 . Estimates of kokanee production in Coeur d’Alene Lake by the Summation Method
and the Instantaneous Growth Rate Method (Hayes et al. 2007).

Kokanee Mean Biomass Mean
year Weight Weight Instantaneous Population Population ] Biomass Productio  Production®
class (@ gain {g) growth rate Estimate Estimate ) n' () {t)
New Fry
~2010 0.15 13,417,873 2.01
0.45 1.3863 8,721,618 2.21 3.9 3.06
Age-0
2010 0.60 4,025,362 2.4
Age-0
2009 0.42 3,573,687 1.50
18.34 3.7992 3,331,221 29.70 61.1 112.83
Age-1
2010 18.76 3,088,755 57.9
Age-1
2009 13.45 2,466,863 33.18
51.46 1.5740 2,754,258 115.29 1417 181.47
Age-2
2010 64.91 3,041,653 197.4
Age-2
2009 41,20 3,738,147 154.01
54.16 0.8392 2,330,660 121.01 126.2 101.55
Age-3
2010 95.36 923,173 88.0
Total 333 399

! Production calculated by the Summation Method (multiplying mean population estimate by
weight gain.

£ Production calculated by the Instantaneous Growth Rate Method (multiplying instantaneous
growth rate by mean biomass).
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Table 8. Chinook salmon redd counts in the Coeur d’Alene (Cd'A) River drainage, St. Joe River
and Wolf Lodge Creek, Idaho, 1920-2008.

Coeur d'Alene River St. Joe River \évrc;';'l('Odge
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1990 41 10 - - - - - 5 4 3 3 0 10 -- 66
1991 11 0 2 - - - - 13 0 1 0 O 1 - 14
1992 29 5 3 1 - - - 21 18 1 2 0 21 - B3
1993 80 11 6 O - - - 97 20 4 0 0O 24 - 121
1994 82 14 1 0O 0 13 0 110 6 O 1 1 8 - 118
1895 45 14 1 2 0 - 2 64 1 0 0 O 1 - 65
1996 54 13 13 0 O 4 0 84 50 5 7 0 71 - 155
1¢97 18 5 6 3 1 0 0 33 20 2 2 0 24 - 57
1998 11 3 1 0O O 0 0 15 3 1 0 2 &6 4 25
1999 7 5 0 0 0 0 O 12 0O 0 O 0 o0 5 17
2000 16 20 3 0 O 5 1 45 5 0 0 0 5 3 53
2001 18 13 2 1 0 4 0 38 21 15 - - 36 4 78
2002 14 10 6 O O 3 0 33 14 4 0 0 18 0 51
2003 27 17 2 0 O 5 0 51 15 9 3 0 27 0 78
2004 24 36 4 2 0 4 1 71 15 3 0 0 18 1 20
2005 30 7 3 0 O 8 1 49 7 3 0 0 10 1 60
2006 30 80 14 7 0 10 0 141 15 1 0 0 16 - 157
2007 63 20 4 1 0 13 0 101 23 4 0 0 26 - 127
2008 79 b 1 2 0 4 0 92 13 3 1 0 17 - 109
2009 70 23 1 0O 0 13 0 107 9 1 0O 0 10 - 117
2010 71 16 7 9 0 8 0 112 20 0 2 0 22 - 134
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Table 9. Number of Chinook salmon stocked and estimated number of naturally
produced Chinook salmon entering Coeur d'Alene Lake, |daho, 1982-2007.
The number of Chinook salmon redds is the number left undisturbed the
previous fall.

Hatchery Produced

Naturally Produced

Rearing Fin Previous Estimated
Year Number Stock Hatchery Clip year Smolts Total
redd counts
1982 34,400 Bonneville Hagerman -- -- - 34,400
1983 60,100 Bonneville Mackay - -- .- 60,100
1984 10,500 L. Michigan Mackay - -- -- 10,500
1985 18,300 L. Michigan Mackay Left Ventral - - 18,300
1986 30,000 L. Michigan Mackay Right Ventral - - 30,000
1987 59,400 L. Michigan Mackay AdipOSG -- -- 59,400
1988 44,600 Coeur d’Alene  Mackay Left Ventral - - 44,600
1989 35,400 Coeur d'Alene  Mackay Right Ventral -- - 35,400
1990 36,400 Coeur d’Alene  Mackay Adipose 52 20,800 57,200
1991 42,600 Coeur d'Alene  Mackay Left Ventral 70 28,000 70,600
1992 10,000 Coeur d’Alene  Mackay Right Ventral 14 5,600 15,600
1993 0 - - - 63 25,200 25,200
1994 17,300 Coeur d'Alene Nampa Adipose 100 40,000 57,300
1995 30,200 Coeur d’Alene  Nampa Left Ventral 100 40,000 70,200
1996 39,700 Coeur d’Alene  Nampa Right Ventral 65 26,000 65,700
1997 12,600 Coeur d'Alene  Nampa Adipose 84 33,600 46,200
1998 52,300 Priest Rapids Cabinet G. Left Ventral 57 22,800 75,100
1999 25,500 Big Springs Cabinet G.  Right Ventral 25 10,000 35,500
2000 28,000 Big Springs Nampa Adipose 17 6,800 34,800
2001 0 -- -- - 53 21,200 21,200
2002 41,000 Big Springs Nampa Left Ventral 78 31,200 72,200
2003 44,800 Big Springs Nampa Right Ventral 51 20,400 65,200
2004 486,000 Big Springs Nampa Adipose 78 31,000 77,000
2005 26,300 L. Sacajawea Nampa Left Ventral 90 36,000 62,300
2006 47,600 L. Sacajawea Nampa Right Ventral 59 23,600 71,200
2007 0 100 40,000 40,000
2008 0 65 26,000 26,000
2009 21,500  Big Creek Nampa Qidrf‘t’j’g + coded 444 40,000 61,500
2010 20421  Big Creek Nampa  Adipose + coded ., 40,000 60,421

wire tag
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Figure 1. Location of 21 midwater trawling transects (top left), and 21 hydroacoustic
transects (top right), in three sections of Coeur d'Alene Lake, |daho, used to

estimate kokanee population abundance in 2009.
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Figure 2. Length-frequency distribution of kokanee sampled in Coeur d’Alene Lake
while trawling during 2010.

21



450

— 400

£

£

e

< 350

o

c

Q

|

w300

)

c

=

«

Q. 250

N

200 L A L S At N A s A A NN N B B S Y Mt Y D D S N S S N B N N B S B B}

<t o0 — <t o T~ ] o) O =) ()] Dl 0 vt = =~ )
Vgl v O D >~ - o0 o0 00 o0 N (=) ] () (o] —
[ e o @ = O T S =) NS S N S D D
— —_ — — — — — — — — — — — o o~ (@] o

Figure 3. Mean total length of mature male and female kokanee in Coeur d’Alene Lake,

Idaho, from 1954 to 2010. Years where mean lengths were identical between
sexes were a result of averaging male and female lengths together.

22



100

)
9} 90
= 80
©
= 70
o
= 60
g 50
c 40
©
c 30
>
= 20
10
0

| Lake Pend Oreille
i \
m é,
3

_— m !

F
1 ¢

£
. |

Coeur d’Alene Lake

T T T 1 [ I L L L L L L
(o] N LH 0 v < I~ o ™ Lo N
N~ (e 0] o0 (s 0] (o)] (o) ] (o)] o o o o
» N (o)) (0)] (0)] (o)) (0)] o o o o
™ " ™ ™ ™ ™ = N AN N «

Year Kokanee Reached Age-3
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line).
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Figure 4.

24



Number of traces

2500

2000

1500

1000

500

Figure 6.

Kokanee fry

Kokanee ages 1-3

L RN SR S NN e R N M AN B |

W W 1w 1w W W B W 1’ 1y v B I I
@ © ® o K 9§ = © w o o © o o
L R ®ww ¥ ¥ ¥ Q@ 2 @ § 9 g

Target strength

Target strength-frequency distribution of fish within the kokanee layer in
Section 1A while conducting hydroacoustic surveys on Coeur d’Alene Lake
during 2010. A trace was a single returned echo from a single fish. Fry
were defined as targets between -60 dB and -47 dB, and older age classes
of kokanee as targets between -47 dB and -33 dB. This section had the
highest density of fry in Coeur d’Alene Lake.
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Figure 7. Relationship between the numbers of Chinook salmon stocked 2 and 3 years previous
in Coeur d’Alene Lake, ldaho, and the number of age-3 kokanee. Correlation
coefficient was based on a linear relationship.
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Figure 8. The relationship between the number of Chinook salmon stocked 2 years previous plus
one half the number stocked 3 years previous and the number of age-3 kokanee in
Coeur d’Alene Lake as estimated by trawling. Taking one half the number stocked 3
years previous was done to account for mortality on the older cohort.
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kokanee in the lake estimated by trawling. Data are for the years 1997 to 2010.
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2010 Panhandle Region Annual Fishery Management Report

Lakes and Reservoir Investigations

HAYDEN LAKE FISHERY INVESTIGATION
ABSTRACT

We conducted a creel survey on Hayden Lake from February 1, 2010 to January 31, 2011.
A total of 1,217 anglers were surveyed during 1,170 separate interviews. Total estimated effort
on the lake was 74,000 hours. This effort was spread out between several species with the
majority of anglers targeting smallmouth bass, northern pike, and largemouth bass. Anglers
caught an estimated 60,805 fish during the year. Estimated catch was comprised of 33,946
smallmouth bass, 12,326 largemouth bass, 7,202 black crappie, 5,052 yellow perch, 2,094
northern pike, 147 trout, and 38 bullheads. In 2010, harvest rates for trout are 98% lower than
what were seen in 1968. Likewise, in 2010, we saw a 64% reduction since 1982 in anglers
specifically targeting trout. With backpack electrofishing gear, we collected seven samples from
spawning rainbow and westslope cutthroat trout in Hayden Creek in late-April, 2010. Of these,
two were genotyped to be rainbow trout, two to be westslope cutthroat trout, and three were
genotyped to be rainbow/ westslope cutthroat trout F1 hybrids. Of the trout samples collected
from anglers in the creel survey, 55% were either hybrids or > F1 hybrids. The other five were
genotyped as rainbow trout. Mean total length was greatest in those genotyped as hybrids. Of
the three crecks walked to count redds, Hayden Creek had the most with 39 redds, followed by
Yellowbanks Creek (8), and then Mokins Creek (3). Density of Mysis shrimp ranged from 758/ m?
to 1,099/ m? with an average of 975/ m”. Mysis densities have remained high in comparison with
other water bodies. Hayden Lake was the third lowest in Zooplankton Quality Index (ZQl) of 14
lakes investigated.
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INTRODUCTION

IDFG conducted an economic survey in 2003 to assess angler spending associated with
fishing trips throughout Idaho. In that survey, Hayden Lake was the second most economically
important lake in Kootenai County and the fourth most economically important in the Panhandie
Region. According to the survey, anglers spent over $1.5 million on over 23,000 fishing trips to
Hayden Lake in 2003 alone. Hayden Lake provides excellent fishing for multiple fish species and
is popular for anglers across the Panhandle as well as non-residents. Historically, Hayden Lake
was a popular fishery for native cutthroat trout from the early 1900s to 1950s. Unfortunately, over
that time period, this fishery declined until catch rates were less than 1 fish/hr in the creel (Mauser
1978). Slow growth rates, poor survival, low stocking densities, and a long history of overharvest
were thought to be responsible for this decline by the early 1970s (Mauser 1978).

In response to the declining trout population, IDFG undertook multiple efforts to increase
trout survival and growth. In the early 1970s, freshwater shrimp were introduced to the lake to
provide an alternative food source and increase trout growth rates. IDFG increased stocking
rates of rainbow and cutthroat trout in Hayden Lake from 4 fish/acre to 100 fish/acre by the 1980s.
In addition to this, in the 1990s IDFG stocked various strains of rainbow trout to determine which
had better growth and survival. Despite these efforts, trout catch rates continued to decline.

In 1983 smallmouth bass were introduced into Hayden Lake to provide increased fishing
opportunities in response to the declining trout populations. Although this fishery was successful
in creating a popular littoral fishery, it also increased predation on fingerling trout. This, in
combination with northern pike being illegally introduced to the lake in the early 1990s, is thought
to be the top contributing factor to natural mortality of trout in the lake. Had predation not

increased during this time period, the previously mentioned efforts to increase trout survival may
have been more successful.

Westslope cutthroat and rainbow trout are now naturally produced from tributaries to
Hayden Lake such as Hayden, Mokens, and Yellowbanks creeks. Historically, a picket-weir fish
trap was operated on Hayden Creek in the early 1940s to count spawners (>1,500) and harvest
eggs from mature adult fish that had been previously planted upstream (Mauser 1978). Stocking
of fingerling rainbow and westslope cutthroat trout continued into the 1990s at the north end of the
lake either at the public boat launch or in Hayden Creek in an effort to boost trout production and
improve the fishery. Despite stocking, catch rates continued to decline, presumably due to
increasing predation in the shallow habitats of the north end. In an effort to reduce predation
mortality on stocked fingerling trout, the stocking location was moved to the south end of Hayden
Lake at what is now Hayden Marina. As with other efforts, however, this change in stocking
location did not appear to increase trout densities.

Creel surveys have been conducted on Hayden Lake in 1979 and 1982 (Goodnight and
Mauser 1980; Ellis 1983). The last creel survey done in 1994-1995 (Davis et al. 2000) showed
that fishing effort increased over 100% from 1982 to 1995. Likewise, the total number of fish

caught in the creel also increased significantly; however, the majority of fish caught were now
smallmouth bass and northern pike.
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OBJECTIVES

1. Assess fishing effort, catch, and harvest on the Hayden Lake fisheries through a year-long
creel survey.

2. Enumerate redds in Hayden, Mokins, and Yellowbanks creeks and evaluate genetic
composition of trout caught in the fishery and those sampled in the tributaries.

3. Estimate density of mysis shrimp and zooplankton in the lake.

4. Compare historical trout management strategies and make recommendations on how to
increase catch rates.

STUDY AREA

Hayden Lake is located approximately five kilometers north of Coeur d Alene Lake in the
ldaho Panhandle. The lake is approximately 1,500 hectares and has a maximum depth at
approximately 65m (Figure 10). Hayden creek, the largest tributary to Hayden Lake, flows south
and west for approximately 11.5km from its headwaters at 1,525m, to its mouth at the northern tip
of the lake at an elevation of approximately 685m. Other smaller tributary streams include
Mokins, Yellowbanks, Jim, Windy, Colburn, Harrison creeks, along with several small unnamed
tributaries.

METHODS

Creel Survey

We conducted a year-long creel survey on Hayden Lake between February 1, 2010 and
January 31, 2011. Randomly selected creel counts from a boat were performed on 2 weekdays
and 2 weekend days for each work period (two week interval). Count times (2 per count day)
were also randomly selected and split by a.m. and p.m. depending on day length. The survey
was conducted during daylight hours and was stratified by shift (a.m. vs. p.m.). Shift length was
defined in the a.m. as being the time from sunrise until noon, and times in the p.m. were defined
as the time from noon until sunset. Sunset and sunrise were defined by the official 2010 NOAA
calendar. To obtain specific creel information, we conducted interviews of anglers during each
survey work period. Interviews were always done in conjunction with counts and we set a
minimum number of completed trip interviews at 20%. Interviews were conducted on the lake by
boat and at the Honeysuckle and Sportsman’s Park boat ramps.

Calculations of fishing pressure, harvest, and caich rates were made using Creel
Application Software (CAS) version 2.1 from South Dakota State University. Due to an inability
for the CAS program to calculate catch rate by species for those targeting those particular
species, we calculated catch rates by hand in Microsoft Excel.
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Tributary Surveys and Genetics

in 2010, the fishing season for Panhandle tributaries was extended; in order to understand
if trout production is still occurring in Hayden tributaries and requiring protection, we walked the
three main tributaries (Hayden, Mokins, and Yellowbanks creek) to count adults and redds and
collect genetics from adult fish remaining in the stream. We conducted adult and redd count
surveys on Hayden, Mokins, and Yellowbanks creeks the week of April 20, 2010. Backpack
electrofishing gear was used to obtain samples from adult fish that were observed. Tissue
samples obtained from adult fish in Hayden Creek were preserved in 50% denatured ethanol until
laboratory analysis was performed. In addition to samples obtained from the tributaries, samples
were also taken from trout that were seen in the creel throughout the year. With respect to
genetic analysis, the 18 samples from Hayden Creek and Hayden Lake were screened with
seven co-dominant diagnostic nuclear DNA (nDNA) markers (OM55, Occ34, Occ35, Occ36,
Occ37, Occ38 and Occ42). These nDNA markers are co-dominant Simple Sequence Repeat
(SSR) markers which are diagnostic based on size differences in the Polymerase Chain Reaction
(PCR) products between rainbow trout and cutthroat trout (Ostberg and Rodriquez 2002). Al
seven loci are multiplexed in a single PCR amplification and run on the 3100 fragment analyzer.

Mysis Shrimp and Zooplankton Abundance

To evaluate pelagic food density of the lake, we conducted zooplankton and mysis shrimp
surveys. We sampled Mysis shrimp July 15, 2010 to estimate density throughout the lake. All
sampling occurred at night during the dark phase of the moon. Three sites were sampled from
the northern, middle, and southern end of the lake (9 total samples). We used a 1 m hoop net
with 1,000 yum mesh for the net and collection bucket. Collected Mysis shrimp were preserved in
50% denatured ethanol until laboratory analysis was performed. During laboratory analysis, all
age classes of Mysis shrimp were enumerated to determine total density within the water column.
Zooplankton was sampled mid-July in three separate locations throughout the lake. For a full
detail of methodology and analysis see the ZQIl chapter of this report.

RESULTS

Creel Survey

We surveyed a total of 1,217 anglers during 1,170 separate interviews from February 1,
2010 to January 31, 2011 (Table 10). Most of the interviews occurred in the 6/21/2010 interval
(Table 11). Anglers from 16 different states were interviewed, with the majority (88%) being Idaho
residents (Table 12). A total of 293 parties of anglers were interviewed after their fishing day was
completed on Hayden Lake, representing approximately 25% of the total interviews. Total
estimated effort over a 12 month period was approximately 74,000 hours (Table 12). Effort was
spread out between several species with the majority of anglers targeting smallmouth bass,
northern pike, and largemouth bass respectively (Table 13). Anglers caught an estimated 60,805
fish during the year, with an estimated 33,946 smallmouth bass, 12,326 largemouth bass, 7,202
black crappie, 5,052 yellow perch, 2,094 northern pike, 147 trout, and 38 bullheads (Table 13).
Catch and harvest rates were highest for those targeting yellow perch, followed by smallmouth
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bass and black crappie. The species with the highest percent of harvest: catch ratio was trout at
63%, followed by black crappie at 32%, and northern pike at 23% of the landed fish being
harvested. Aside from bullheads, the species with the lowest percent harvest was largemouth
and smallmouth bass (Table 13). Proportion of anglers fishing for trout was lower in 2010 than
1982 (Table 14). Past creels show a reduction in harvest rate for trout since 1968 (Table 15).

Tributary Surveys and Genetics

We collected seven tissue samples from spawning rainbow and westslope cutthroat trout
in Hayden Creek in late-April, 2010. Of these, two were genotyped to be rainbow, two to be
westslope cutthroat, and three were genotyped to be rainbow/ westslope cutthroat F1 hybrids
(Table 17). Of the trout samples collected from anglers in the creel survey, 55% were either
hybrids or > F1 hybrids. The other five were genotyped as rainbow trout. Mean total length was
greatest in those genotyped as hybrids (751 mm; Table 18)

Of the three creeks walked to count redds, Hayden Creek had the most with 39 redds,
followed by Yellowbanks Creek (8), and then Mokins Creek (3; Table 19). The majority of the
redds in Hayden Creek were >1 m in diameter, while none of the redds in Yellowbanks and

Mokins creeks exceeded 0.5 m. Only the first four rkm of each stream were walked to count
redds.

Mysis Shrimp and Zooplankion Abundance

Density of mysis shrimp was relatively consistent between locations (Table 20) and
ranged from 758/m? to 1,099/m® with an average of 975/m°. Mysis densities have remained high
in comparison with other water bodies (Table 21).

Of the 14 lakes sampled for zooplankton in 2010, Hayden had the fourth highest in
Zooplankton Productivity Ratio (ZPR) (zooplankton in 750:500 um). However, it was the third
lowest when looking at total grams/m® and ZQl, which takes into account total zooplankton
abundance (Table 34 in the ZQl and Stocking Rates section of this report).

DISCUSSION

Hayden Lake has seen a considerable reduction in trout catch and harvest since the late
1960s. Mauser (1978) indicated that in 1968, catch rates of less than one fish/hr provided a
marginal trout fishery for Hayden Lake anglers. In 2010, harvest rates for trout are 98% lower

than what were seen in 1968. Likewise, in 2010, we saw a 64% reduction since 1982 in anglers
specifically targeting trout.

Although smalimouth bass and unlawfully introduced northern pike have provided a
substantial warmwater fishery for anglers on the lake, these species may have negatively affected
trout fingerling survival. Nelson et al. (1997) suggested several possible causes of the decline
included the loss of fingerlings through the outlet, predation, survival of the strain of trout stocked,
water chemistry where they were raised, or a combination of these. Since this assessment in

33



1995, trout catch has further declined to where only 147 trout were estimated to have been
caught in 2010. In relation to the factors Nelson et al. (1997) identified as responsible for the

decline, the only one factor that has substantially changed since then is the increase in predatory
fish species.

In addition to factors identified by Nelson et al. (1997) additional factors may be
contributing to the extreme reduction in trout numbers. Stocking records indicate that we have
slowly moved stocking dates to where now there is no stocking of fingerling trout in the fall and
spring stocking occurs earlier in the spring (April; Table 16). Yule et al. 2000 indicated that fall
stocking may benefit trout survival because predators feed less actively during fall and winter
months, The additional problems with stocking too early in the spring are a lack of adequate
zooplankton densities to sustain growth. Stocking fingerlings later in the spring or waiting until the
fall to stock may increase their survival in Hayden Lake.

One additional factor that may be influencing predation risk is the reduction in the size of
fish we stock during the spring. Mean total pounds of fish (fry and fingerling trout) stocked into
Hayden Lake was approximately 3.4% of the total numbers stocked from 1969-1992, 5.5% from
1993-1999, and 1.6% from 2000-2011 (Figure 11). Similarly, this reduction in size of fish is also
seen when just examining fingerlings stocked (Figure 12). The size of fingerlings stocked can
directly affect their vulnerability to predation (Walters et al. 1997). Yule et al. (2000) found
through their size-at-stocking evaluations of Wyoming ponds that rainbow trout >229 mm in total
length were invulnerable to walleyes in the largest size-classes (483-533 mm). Similarly, Gunn et
al. (1987) found that stocking larger lake trout generally provided greater returns to the creel in
mid-western lakes than stocking small size classes. It stands to reason that stocking larger size
trout in Hayden Lake would inevitably reduce their risk of predation and increase survival.

Survival of a particular strain of stocked rainbow trout into the lake is poorly understood.
Nelson et al. (1997) showed that domestic Kamloops reared at Trout Lodge appeared to grow
faster in Hayden Lake when compared to Black Canyon Kamloops and Kamloops/steelhead
hybrids. Nelson et al. (1997) also indicated that these fish can grow to >500mm by age-3.
Presently, it is unclear as to what strain of fish make up what is left of the Hayden Lake trout
fishery. Although a relatively low sample size, genetics testing of trout collected in the 2010 creel
showed that over 50% of them are hybridized, inevitably meaning they were naturally produced in
Hayden Creek. In the future, testing of particular strains will be very useful in rebuilding this
fishery. There are, however, obstacles such as logistics and expense of marking each strain,
which will need to be addressed if this type of a study will be effective.

Considering the poor state of the current open-water fishery, it may be beneficial to stock
kokanee in the interim in order to increase this type of angling effort. Survival and growth of
kokanee should be very high since the density of Mysis shrimp is clearly at very high densities as
well. In order to replace the quality fishery that trout provided in Hayden Lake, stocking kokanee
at low densities should result in a high quality fishery while we rebuild trout populations.
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MANAGEMENT RECOMMENDATIONS

1) Stock and evaluate 40,000 larger fingerling triploid rainbow trout in the fall to improve
trout catch rates.

2) Stock 500 catchable size rainbow trout at Honeysuckle boat launch to evaluate if
exploitation is high enough to warrant catchable stocking in the future.

3) Stock and evaluate 100,000 kokanee fingerlings into Hayden Lake to provide an
interim open-water fishery for anglers.

4) Sample zooplankton more frequently in order to get a better picture of when to change
stocking times.

5) Move default spring stocking date to coincide with peak of preferred zooplankton
production, and evaluate success.
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Table 10. Number of anglers interviewed on Hayden Lake during the 2010 creel survey.

Total Interviews
interval Start Date for Interval

2/1110 45
2/15/10 12
311/10 _ 27
3/15/10 67
3/29/10 45
4112110 56
4/26/10 70
5/10110 . 63
5/24/10 88
6/7/10 85
6/21/10 145
7/5/10 42
719110 97
8/2/10 72
8/16/10 11
8/30/10 63
913/10 76
9/27/10 41
10/11/10 26
10/25/10 8
11/8/10 12
11/22/10 0
12/6/10 3
12/20/10 12
17311 2
117/11 2
Total 1,170
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Table 11. State of residency of anglers fishing Hayden Lake during the 2010 creel survey.

State of Number of Percent
Residency Anglers  of Total

ldaho 1067 87.67
California 24 1.97

Washington 84 6.90

Arizona 6 0.49
Montana 9 0.74
Oregon 7 0.58

Alaska 1 - 0.08
Utah 1 0.08

Georgia 2 0.16
Colorado 2 0.16
Texas 1 0.08
Canada 6 0.49
Wyoming 1 0.08
Nebraska 1 0.08
Hawaii 1 0.08
Florida 1 0.08
Non-Resident 3 0.25
Total 1,217 100
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Table 12. Estimated and observed fishing effort (angler hours) on Hayden Lake during the 2010

creel survey.

Interval Sum of Total Sum of Observed % of Total
Start Date Estimated Effort (h) Effort (h) Estimed Effort
2/1/10 1,074 950 1.4
2/15M10 401 282 0.5
3/1/10 1,210 777 1.6
3/15/10 1,748 1,162 2.4
3/29/10 1,949 1,152 2.6
4/12/10 1,913 1,148 2.6
4/26/10 4,489 2,964 6.0
5/10/10 5,728 3,557 7.7
5/24/10 4,345 2,752 5.8
6/7/10 7,681 4,881 10.3
6/21/10 8,102 4,937 10.9
7/5/10 7,140 4,729 9.6
7/19/10 5,742 3,527 7.7
8/2/10 7,041 4,278 9.5
8/16/10 4,551 2,999 6.1
8/30/10 3,236 2,053 4.4
9/13/10 2,393 1,466 3.2
9/27/10 2,380 1,520 3.2
10/11/10 978 569 1.3
10/25/10 542 320 0.7
11/8/10 307 196 0.4
11/22/10 0 0 0.0
12/6/10 64 64 0.1
12/20/10 432 432 0.6
1/3/11 372 366 0.5
1/17/11 - 532 518 0.7
Total 74,350 47,587 100.0

Table 13. Estimated total fishing effort (angler hours), total catch and harvest, and catch and

harvest rates for each species targeted during the 2010 creel.

Time Estimated  Percentof Total Estimated Total Estimated Estimated Estimated
Species Sought Effort (h) Total Time Catch Harvest Catch Rate Harvest Rate % Harvested

Anything 13,440 ~ 18.08 - - - - -
Trout 11,034 14.84 147 93 0.013 0.008 63.31
Black Crappie 5,806 7.81 7,202 2,297 1.24 0.40 31.89
Largemouth bass 12,301 16.54 12,326 62 1.00 0.01 0.51
Smalmouth bass 16,437 22.11 33,946 2,610 2.07 0.16 7.69
Northern Pike 15,045 20.24 2,094 476 0.14 0.03 2273
Yellow Perch 256 0.34 5,052 938 19.71 3.66 18.57
Bullhead 31 0.04 38 0 124 0.00 - 0.00
Total 74,350 100 60,805 6,476 - - -
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Table 14. Proportion of observed fishing effort for targeted species on Hayden Lake in 1982 and

2010.
1982 2010

Species Sought Effort (h) Total Time Effort (h) Time
Trout 1,348 79 722 15
Black Crappie 193 11 380 8
Largemouth bass 146 9 804 17
Yellow Perch 29 2 17 0.3
Other Speceis™ - - 2,940 60
Total 1,716 100 4,862 100

Table 15. Comparison of creel survey results from Hayden Lake, ldaho by survey year.

Estimate 1968 1979 1982 1994-95 2010
Residents -- 70% 83% - 88%
Angler hours 15,690 20,788 34,421 85,595 74,350
interviewed anglers - 268 741 -- 1,217
Total Catch » - -- 41,177 52,289 60,805
All Trout

Catch - -- 7,073 4,258 147

Harvest 6,546 1,431 2,396 1,941 93

Catch rate (fish/h) - - 0.26° 0.09" 0.013°

Harvest rate (fish/h) 0.42° 0.07° 0.09 0.03 0.008
Smallmouth bass

Catch - - - 16,034 33,946

Harvest - -- -- 313 2,610

Catch rate (fish/h) -- -- -- 0.06 2.1

Harvest rate (fish/h) -- -- -- 0.00 0.16
Largemouth bass

Catch -~ -~ 587 6,088 12,326

Harvest - - 161 180 62
Crappie

Catch -- -~ 7,504 4,971 7,202

~Harvest - - 5127 1,462 2,297

Northern Pike ,

Catch - - - - 2,093

Harvest - - - 1,918 476
Perch _

Catch - -- -- 25,065 5,052

Harvest - - -- 21,063 938

a: catch and harvest rate were taken from Ellis 1983 indicating 79% of effort was targeting trout.

b: catch and harvest rate taken from Appendix F and G in Nelson et al. 1997.

c: catch and harvest rate determined by hand calculating proportion targeting trout (not determined from CAS).

d: catch and harvest rate taken from Ellis 1983. Does not reflect hours specific to targeting trout. Presume > 85% targeting
trout however.

e: catch and harvest rate taken from Goodnight and Mauser 1990. Does not reflect hours specific to targeting trout as well.
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Table 16. Stocking numbers and timing of fingerling (3-6") rainbow and westslope cutthroat trout
since 1983 in Hayden Lake, ID.

l January February March  Apri May June July August September October November December Totalstockedl

: 268,800
269,300
225531
251,141
324,000
272,958
216,468
120,844
137,124
470,307
98,535
270,000
245,112
296,055
302,268
271,626
192,288
271,285
192,185
121,632
382,625
421,861
270,540
95,700
366,839
182,960
171,666
260,400
228,040

Table 17. Phenotype, genotype, and other characteristics of trout sampled in Hayden Creek and
in the 2010 Hayden Lake Creel.

Date Location  Phenotype Genotype Length (mm) Weight (Ibs) GPS Sample # Sex
4/21/2010 Hayden Creek  RBT RBT 762 11 012 A F
4/21/2010 Hayden Creek WCT  HYB 775 10 012 B M
4/21/2010 Hayden Creek  HYB HYB 718 10.1 013 C M
4/21/2010 Hayden Creek  UNK RBT D
4/21/2010 Hayden Creek ~WCT HYB 760 115 014 E F
4/21/2010 Hayden Creek WCT  WGCT 510 3.8 015 F F
4/21/2010 Hayden Creek  WCT WCT 550 4.8 015 G M
3/27/2010 Haydenlake  RBT RBT 559 T
4/10/2010 Hayden Lake ~ UNK RBT 724 2 F
5/8/2010  Hayden Lake RBT HYB 610 3
5/8/2010  Hayden Lake UNK  >F1HYB 610 4
5/8/2010 HaydenLake  UNK HYB 609 5
5/8/2010 Hayden Lake  RBT RBT 711 6
5/8/2010 Haydenlake ~RBT >F1HYB 609 7
5/8/2010  Hayden Lake RBT HYB 419 8
5/8/2010 - HaydenlLake =~ RBT ~ RBT 711 12.4 9
6/10/2010 Hayden Lake ~ UNK RBT 610 o 10
6/11/2010 Hayden Lake  UNK  >F1HYB 660 11
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Table 18. Mean total length by genotype of trout sampled in Hayden Creek and in the Hayden

Creel in 2010.
Genotype Mean TL (mm)
>F1Hybrid _ 626
Hybrid !
Rainbow Trout 680
Westslope Cutthroat Trout 540

Table 19. Number of redds and adult trout counted in tributaries to Hayden Lake in 2010.

Tributary Date  Species #adults #juveniles #redds
Hayden Creek - 4/20/10  rbt 4 1

4/20/10 wect 2

4/20/10 bkt 1

4/20/10 11

4/23/10  rbt
4/23/10  wct
4/23/10 bkt

4/23/10 | 28
Mokins Creek 4/22/10 3
Yeilowbanks Creek 4/22/10 8

Table 20. Mysis shrimp density sampled in mid July on Hayden Lake.

Date Site# Adults YOY Location (UTM) Depth (m) #m”
7/15/10 1 537 326 05188215289548 35 1099
7/15/10 2 246 521 05199885289715 35 977
7/15/10 3 213 382 0521999 5289296 20 758
7/1510 4 113 722 05225665291527 25 1064
Average 975

Table 21. Present and historical Mysis shrimp densities sampled in North ldaho water bodies.

Water body  Years Introduced Year established Year Month Mean #/mt

Hayden Lake 1974 1984 2010 July 975
Hayden Lake 1987 June 1,234
Priest Lake 1965-1967 1971 1988 June 137
Pend Oreille Lake ~ 1966-1970 1972 2010 June 468
Pend Oreille Lake 1988 June 2,148
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Figure 11. Stocking numbers and pounds of fry (0-76 mm) and fingerling (76-156 mm) rainbow
and westslope cutthroat trout in Hayden Lake, ID.
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2010 Panhandle Region Annual Fishery Management Report

Lakes and Reservoir Investigations

LOWLAND LAKES HATCHERY TROUT EXPLOITATION
ABSTRACT

In 2010 we evaluated the harvest rate of stocked, catchable-sized rainbow trout in Lower
Twin, Hauser, Fernan lakes and Stoneridge Reservoir. Two hundred rainbow trout were tagged
with Floy T-bar anchor tags and released in each lake with each lake receiving 100 fish in April
and 100 in June. As of December 31, 2010, angler harvest rates for hatchery rainbow trout were
estimated to range from a low of 2% in Hauser Lake to a high of 34% in Fernan Lake.

Authors:

Mark Liter
Regional Fishery Biologist

Jim Fredericks
Regional Fishery Manager
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INTRODUCTION

In Idaho, approximately 15 million trout are produced per year in 13 hatcheries by IDFG
for resident trout angling. Rainbow trout and cutthroat trout O. clarkii are most often stocked in
Idaho’s lakes and reservoirs and in 2010, 16% were of catchable size (=150 mm). Hatchery trout
are used primarily in habitats not capable of supporting wild production sufficient to meet angler
demand (IDFG 2007). Catchable rainbow trout raised for put-and-take use in the Panhandie
Region are usually Trout Lodge or Hayspur strain raised at Mackey, Grace or Nampa Hatcheries.
The fish are transported to either Sandpoint or Mullan Hatchery, and then distributed throughout
the spring and summer. The Trout Lodge strain is used throughout the Panhandle Region for a
variety of reasons including availability, growth, feed conversion and disease resistance. Only
triploid (i.e. sterile) rainbow trout were stocked in the Panhandle Region in 2010. The cost of
production and distribution averaged $1.41 per catchable trout stocked from the Mullan Hatchery
and $0.83 per catchable stocked from the Sandpoint Hatchery in the Panhandle Region in 2010.

OBJECTIVE
To optimize use (harvest by anglers) of hatchery produced trout.
STUDY SITES

Lower Twin Lake

Lower Twin Lake is located in Kootenai County, Idaho, 16 km north of Coeur d’Alene,
Idaho. Upper and Lower Twin lakes are connected by a shallow channel, and three public boat
ramps provide access. Lower Twin Lake has a surface area of 158 ha, with a mean depth of 6.9
m and a maximum depth of 18.1 m. Fish Creek is the largest tributary in the system entering
Upper Twin Lake on the western shoreline. Water leaves the system through the outlet on the
southern end of the Lower Twin Lake forming Rathdrum Creek.

The Twin Lakes support two story fisheries for both warm and coldwater species. Nearly
all of the species present in the two lakes are introduced warmwater species or stocked trout. Our
2002 fishery survey of Lower Twin Lake yielded catches of largemouth bass, black crappie,
yellow perch, pumpkinseed, green sunfish, northern pike, brown bullhead and tench Tinca tinca.
Green sunfish and northern pike were illegally introduced in the 1980’s. Fourteen hatchery

rainbow trout were captured in our 2002 survey ranging from 247-392 mm indicating some trout
survived from the previous year.

Management of the fishery is under general statewide regulations and includes the
stocking of both catchable and fingerling trout. Lower Twin Lake is stocked with 9,000 catchable
rainbow trout, 5-8,000 fingerling cutthroat trout and 60,000 kokanee salmon fry on an annual

basis. Kokanee stocking rates and frequency have varied considerably over the last ten years due
to availability of kokanee fry.
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Hauser Lake

Hauser Lake is located in Kootenai County 24 km northwest of Coeur d’Alene, Idaho, and
covers approximately 223 ha. The western and northern shorelines are blanketed in macrophytes
whereas the eastern shoreline has rock outcrops and riprap along a roadside with steep bank
slopes. Inflow to the lake includes several small tributaries and ground water and outflow is
minimal, eventually flowing into the Rathdrum Aquifer. Mean depth is 6.4 m with a maximum

depth of 122 m. A public boat ramp operated by Kootenai County Parks and Waterways is
located on the southwest end of the lake.

Hauser Lake has popular fisheries for warmwater and hatchery introduced species.
Beginning in 1968, the lake was extensively stocked with rainbow trout. Cutthroat trout stocking
began in 1978 and has continued until present time and kokanee have been stocked since the
early 1990s. Beginning in 1989, both tiger muskie E. Masquinongy X E. Lucius and channel
catfish were stocked in the lake. Tiger muskies (150 mm fish) were last stocked in 2007 and
channel catfish (150 mm fish) were stocked most recently in 2010. The Idaho state record tiger
muskie was captured in Hauser Lake in 2001, weighing 17.4 kg and measuring 123 cm. Hauser
Lake is stocked with 15-17 thousand triploid Troutlodge kamloop rainbow trout, 2,500-5,500

channel catfish and 60,000 kokanee/yr. Hauser Lake is managed under general fishing
regulations.

Stoneridge Reservoir

Stoneridge Reservoir is located 56 km north of Coeur d’Alene and 64 km southwest of
Sandpoint, Idaho in Bonner County. The reservoir is part of Stoneridge Golf and Recreation
Community, a time-share resort. The 1.6 kilometer long man-made reservoir was created in 1970
when an earth and cement dam was formed across Blanchard Creek. The land around the
reservoir is private property belonging to the recreational club and public access to the reservoir
has been limited and inconsistent since 2001. Stoneridge Reservoir is stocked with 3,000 triploid
kamloop rainbow trout /yr.

Fernan Lake

Fernan Lake is located in Kootenai County, just east of Coeur d’Alene, Idaho. The
watershed is approximately 4,872 ha with 102 ha inside the Coeur d’Alene city limits. Fernan
Lake has a surface area of 121 ha, a mean depth of 3.7 m, and a maximum depth of 7.6 m. Water

quality studies conducted by Idaho Department of Environmental Quality classifies Fernan Lake
as meso-eutrophic (DEQ 1997).

Most of the Fernan Lake shoreline is forested while the northwest corner of the lake lies
within the Fernan Lake Village corporate limits. Public access is limited to two boat ramps, one on

the east and another on the west end of the lake and several newly created roadside access
points.

In 1993, IDFG conducted a fishery survey and angler survey to assess the fishery. Ten
species of gamefish and two species of non-game fish were found with largemouth bass being
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the most abundant species (Davis et al., 1993). Cutthroat trout comprised 1.6% of the fish
collected in that survey. With its close proximity to Coeur d’Alene, Fernan Lake is heavily fished
year-round receiving 100,000 hours of effort in 1993. Fernan Lake is managed as a Family
Fishing Water. Fernan Lake is stocked annually with 3,000-5,000 channel catfish of catchable

size, 19,000 triploid Kamloops rainbow trout catchables and 5,000-7,000 westslope cutthroat trout
fingerlings.

METHODS

Eight hundred Trout Lodge strain rainbow trout were tagged with Floy T-bar anchor tags
and released in Hauser, Fernan, Lower Twin Lakes and Stoneridge Reservoir with each
waterbody receiving 100 fish in April and 100 in June. Rainbow trout reached an average weight
of 2.5 fish per pound and a mean length of 250 mm at the time fish were stocked.

All fish used in this study were raised at the IDFG Nampa Hatchery, then transferred to
and distributed by the Sandpoint Hatchery. On the day of stocking, trout were crowded, randomly
removed from the raceway, and loaded into the fish transport truck for stocking. Rainbow trout
were tagged with orange Floy T-bar anchor tags with the tag inserted just below the dorsal fin.
Tags were labeled on two sides with one side stating “IDFG 1-866-258-0338” and the other side
with a tag number. IDFG operates a toll free automated hotline and website through which
anglers could report tags, although some tags were mailed in or dropped off at the Panhandle
Regional Office. Additionally IDFG distributes posters and stickers to license vendors, regional

offices and sporting goods outlets that publicize the tagging efforts and explain how to report tags
and what the information is used for.

To determine angler exploitation, the number of fish harvested by anglers (determined by
tags returns) was divided by the number of fish we tagged. We assumed a 53% reporting rate,
which is typical of non-reward tags (Meyer et al. 2010), and adjusted the return rate accordingly to
provide an exploitation estimate. Tag loss was assumed to be 8.2% while tagging mortality was
assumed to be 3% based on work conducted on rainbow trout by Meyer et al. (2010).

RESULTS

Through December 31, 2010, 33 of the 200 tagged rainbow trout in Stoneridge Reservoir
were returned. Through the same time period, anglers reported catching 14, and 35 of the 200
tagged rainbow trout stocked in Lower Twin and Fernan Lakes respectively. Anglers reported
catching only 3 of the 200 tagged rainbow trout stocked in Hauser Lake. After correcting for the
angler report rate, tag loss, and tagging mortality, angler exploitation was estimated to range from
a low of 2% for hatchery rainbow trout in Hauser Lake to a high of 34% in Fernan Lake in 2010
(Table 22). Statewide, in 2009 tags were returned using the tag return 1-800 hotline (48%),
website (45%), by mail (2%) returned to the Regional office in person (5%) Meyer et al. (2010).

When combining 2009 and 2010 rainbow trout catchable tag returns our results suggest a
high percentage of hatchery trout in the Panhandle Region are caught by |daho residents. Idaho
residents returned 77-100% of the tagged rainbow trout in 2009 and 2010 (Table 22). The mean
number of days between stocking and capture or days-at-large ranged from 8 days in Hauser
Lake to 52 days in Lower Twin Lake. A total of 161 people caught and reported 194 tags in 2009
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and 2010 with 21 anglers reported catching more than one tagged trout, or in other words, 13% of
the anglers caught 29% of the trout reported.

DISCUSSION

Angler tag return rates for Stoneridge and Fernan lakes to date are estimated at 33% and
34% respectively with both lakes in the upper end of values reported for other Idaho lakes and
reservoirs. On average, exploitation for hatchery rainbow trout across Idaho lakes and reservoirs
from 2006-10 was 15.9%, and ranged from 0-79% (Meyer et al. 2010). It is important to note that
harvest estimates for the four lake sampled in 2010 do not reflect season-long estimates and as
more tags are reported we will refine our angler exploitation estimates. Kelso and Round lakes
are included on Table 22. These lakes were evaluated in 2009 and their corrected exploitation
estimates which encompass a full 365-day period are reported as such.

The difference in return rates between Hauser Lake and the other three Panhandle
Region Lakes evaluated in 2010 may be explained by water-specific influences, specifically
differences in productivity, thermal and oxygen refugia, and depth. Hauser Lake is relatively
shallow with a mean depth of 6.4 m and a maximum depth of 12.2 m with suitable trout habitat in
late August being limited to the metalimnetic zone approximately 4-7 m from surface because of
high epilimnetic temperatures and low hypolimnetic oxygen levels (Fredericks et al. 2002).
Another explanation could be a reduction in salmonid angling pressure perhaps due to angler
attrition or because of the increase in water sport activity on the lake. Because of the proximity to
Coeur d’Alene and Spokane, Washington, Hauser Lake is used extensively by water skiers, jet
skiers, and pleasure boaters. Other possible explanations might be poor survival of the hatchery

fish or predation. We will repeat our exploitation study on Hauser Lake in 2011 to reassess the
2010 estimate.

In 2009 we evaluated the harvest rates of stocked, catchable-sized trout in Kelso and
Round lakes. Our 2010 hatchery trout evaluation revealed some “hold-overs” in these lakes. From
Round Lake we received 7 catchable trout tag returns after December 31, 2009. Six of these
“hold-overs” were caught by ice fishermen in January or February and one was caught in May
2010 (Table 22). Similarly, from our 2009 catchable stocking in Kelso Lake, we received six tag

returns after December 31, 2009, three by ice fishermen and three caught in April-June, 2010
(Table 22).

In 2011 we will continue our systematic assessment of catchable rainbow trout return-
rates in Panhandle Region lakes and adjust planting priorities based on established stocking
criteria which include impacts to native fish, accessibility, return to creel rates, catch rates and the
ability of a water body to provide a fishery without stocking. This may require eliminating lightly
fished lakes or increase the frequency of stocking in heavily fished lakes.

MANAGEMENT RECOMMENDATIONS

1. Continue lowland lakes stocking evaluations with evaluation of Bull Moose, Brush, Smith,
and Robinson and Jewel Lakes in 2011

2. Reevaluate return-to-creel in Hauser Lake.
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Table 22. Estimates of angler exploitation, % resident anglers, and days-at-large for hatchery
rainbow trout at various Panhandle Region lakes sampled in 2009 and 2010.

Tags Tags Number Mean
Year Returned Returned of Corrected Percent Days
of Number as of wiin 1 different  Exploitation Idaho at
Lake Study of Tags 12/31 year anglers Rate Resident Large
Round 2009 200 29 *36 34 36% 91 103
Kelso 2009 200 67 73 58 79% 86 50
Hauser 2010 200 3 N/A 3 2% 100 8.3
Fernan 2010 200 35 N/A 31 34% 100 20
L Twin 2010 200 14 N/A 13 15% 85 52.5
Stoneridge 2010 200 33 N/A 22 33% 77 49

*tag returns for full 365 day evaluation.
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2010 Panhandle Region Annual Fishery Management Report

Lakes and Reservoir Investigations

SPIRIT LAKE KOKANEE POPULATION STUDIES
ABSTRACT

Spirit Lake is northern Idaho’s highest producer of kokanee on an area basis. It is
managed for a high yield kokanee fishery and unlike our other kokanee lakes, does not contain a
large population of kokanee predators. We monitored the kokanee population by midwater
trawling and conducting hydroacoustic surveys. By combining both methodologies we estimated
the lake contained 366,800 (627/ha), 587,000 (1,000/ha), 113,400 (194/ha), and 78,600 (134/ha)
kokanee of ages 0 to 3, respectively. We also estimated the lake contained a standing stock of
67 kg/ha of kokanee with a production rate of 61 kg/ha/year. Potential egg deposition was
estimated at 17.0 million eggs. Survival from last year's eggs to this year’s fry was estimated at
3.0%. Based on these results Spirit Lake had more than a sufficient number of adult kokanee in
the fishery, more than adequate egg deposition and continues to grow kokanee very well. No
kokanee stocking appeared to be needed at this time.
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OBJECTIVE

Maintain a high yield (produce harvestable kokanee for anglers) kokanee fishery in Spirit
Lake.

INTRODUCTION

IDFG transplanted kokanee from Lake Pend Oreille to Spirit Lake in the 1930’s and
1940’s. These fish originated from Lake Whatcom, Washington, and are “late spawners” that
typically spawn during November through early January on shoreline gravel rather than in
tributary streams (Winans et al 1996). In addition, early spawning strains of kokanee were
stocked in 2000, 2001, 2004, 2007 and 2008 to insure adequate recruitment of kokanee fry. Spirit
Lake had the highest yield of kokanee (12.7 kg/ha) of any of the 28 kokanee fisheries in northern
Idaho, Washington, Oregon, Montana, Utah, Colorado, and British Columbia listed by Rieman
and Meyers (1990). Concerns were raised by anglers during the winter of 2007-08 and the
spring of 2008 that the kokanee fishery had declined because of their limited catch. Monitoring
during July 2008 showed good numbers of kokanee with adult abundance at 35 fish/ha. Spirit
Lake had a good, prolonged ice cover during the winter of 2008-09, and 2009-10. Groups of ice
fishermen were having limit catches (15 fish/person/day) on most mornings. Summer anglers
during 2009 and 2010 aiso appeared to be doing well, although no creel data was available. We
conducted our annual kokanee monitoring during August 2010 to see if kokanee were being over
harvested and determine the appropriateness of the 15 fish limit.

STUDY SITE

Spirit Lake is located near the town of Spirit Lake in the northern panhandle of Idaho. It

has a surface area of 598 ha, with 585 ha of kokanee habitat. Maximum depth of the lake is
about 27 m.

For northern ldaho, Spirit Lake is a fairly rich body of water. Chlorophyll ‘a’ was measured
at 5.3 ug/l (Soltero and Hall 1984), total phosphorus was 18 ug/l, Secchi transparency was 3.9 m,
conductance was 240 pumhos/cm?, and the morphoedaphic index was 22.0 (Rieman and Myers
1990). Based on this concentration of total phosphorus the general level of lake productivity
would be classed as meso-eutrophic (Wetzel 1975). This lake also was known to carry the
highest biomass of kokanee in northern Idaho at 54.5 kg/ha (Rieman and Myers 1991).

Kokanee in Spirit Lake are mostly naturally reproducing. However, during the last decade,
early spawning kokanee were stocked in 2000 (200,000 fry), 2001 (198,000 fry), 2004 (200,000
fry), 2007 (163,000 fry) and 2008 (169,000 fry). No additional kokanee were stocked in Spirit
Lake in 2009 or 2010.
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METHODS

Trawling

We used a midwater trawl, as described by Bowler et al. (1979), Rieman and Meyers
(1990), and Rieman (1992), to estimate the kokanee populations in Spirit Lake. Five trawl hauls
were made in Spirit Lake on August 12, 2010. Trawl transects were selected using a systematic
sample design and were in similar locations as those used in previous years (Figure 13). Kokanee
were measured and weighed, and scales were collected from representative length groups for
age analysis. The average number of eggs produced per female kokanee was calculated using
the regression of kokanee length to fecundity found in Rieman (1992). Ninety percent confidence
intervals (Cl) were placed on the arithmetic mean density estimates using a Student’s t
distribution.

We calculated a separate abundance estimate for early spawning kokanee based on the
color of their flesh. Using flesh color to differential stocks is an unproven technique that needs to
be validated; however, the lake contained some kokanee that had dark red flesh when compared
to most of the kokanee from the lake. Evidence that these fish were early spawning kokanee
included that they were often the largest fish within a cohort, that they matured mostly at age-2
instead of age-3, and some of these fish where getting their spawning coloration by the August 12
trawling date. Differentiating the two stocks of kokanee allowed us to evaluate the success of the
fry stocking. :

Hydroacoustics

A hydroacoustic survey was conducted on Spirit Lake during the night of August 16, 2010.
This was the fifth time that a hydroacoustic survey was conducted on this water body. We used a
Simrad EK 60 scientific echosounder with a 6.5° transducer. The transducer was mounted on a
pole on the port side of the boat and pointed straight down. The boat traveled at 7.4 km/h while
surveying the lake. Ten evenly spaced transects were established perpendicular to the long axis
of the lake, with the starting point of the first transect chosen at random (Figure 13). This survey
was identical to the one used in 2009, but was a change in the survey design from the seven
transects arranged in a zig-zag pattern that were used in 2004, 2007, and 2008. The design used
in 2009 and 2010 was more labor intensive, but should give better statistical confidence and

eliminate concerns over autocorrelation at the beginning and end of transects (Simmonds and
MacLennan, 2005).

Kokanee densities were estimated by echo integration. We used EchoView software
version 4.9 to calculate nautical area scattering coefficients (NASC) and mean target strengths (in
situ). NASC values were calculated by drawing a box around the kokanee layer on the volume
backscattering (Sv) fileset and having the software integrate backscattering in this region on
echoes with a minimum uncorrected target strength (TS) threshold of -66 dB and a maximum
threshold of -20 dB. Age 0 kokanee densities were calculated directly from the echograms by
including all targets with corrected TS between -60.0 dB and -47.0 dB. The arithmetic mean
density of fry was calculated for the 10 transects and multiplied by the area of the lake (585 ha) to
obtain an abundance estimate for fry. To calculate a population estimate for kokanee between
the ages of 1 and 3, we calculated an arithmetic mean density of kokanee between -46.9 dB and -
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33.0 dB, split this density estimate into a population estimate of each age class by multiplying
times the percentage of kokanee in each age class in the combined trawl catch. Density of each
age class was then multiplied by the area of the lake to calculate abundance.

We calculated the 90% confidence interval on age-0 kokanee and for kokanee ages 1
through 3 combined. Confidence intervals were calculated on the log transformed density
estimates (logso X+1) since our sample size was small, n=10, and our variance was greater than
the mean. We used the Student’s T distribution for calculating the variance on the transformed
data. Confidence intervals were placed around the arithmetic mean to give the least biased
estimate of mean and confidence interval (Elliot 1983).

We calculated the biomass, production, and mortality (by weight) of the kokanee
population in Spirit Lake based on the 2009 and 2010 annual hydroacoustic estimates split into
age classes based on trawl catch. Biomass was the total weight of kokanee within the lake at the
time of our population estimate. It was calculated by multiplying the population estimate of each
kokanee year class by the mean weight of kokanee in that year class as determined in the traw!
catch. The year class weights were summed to determine the lake’s overall kokanee biomass and
divided by the area of kokanee habitat to determine standing stock. A second method was also
tried as a way to estimate biomass solely on the basis of hydroacoustic data. First all ten
transects were connected in one file. Then an analysis region was drawn around the kokanee
layer in all ten transects and the corrected target strength of all kokanee seen on all transects was
averaged. This gave us the mean target strength of all fish in the kokanee layer without
averaging the averages of the target strength on each transect.

Kokanee production was defined as the weight of flesh grown by the kokanee population
regardless of whether the fish was alive or dead at the end of the year (Ricker 1975). We used

the Summation Method developed by Newman and Martin (1983) and presented in Hayes et al.
(2007), where :

P=N Aw

where P = production estimate for a kokanee cohort between years one and two, N = estimated

mean abundance of the cohort between years one and two, and A w= estimated change in

mean weight of individuals of the cohort from year one to year two. Total annual production of
kokanee was calculated as the sum of the production of each cohort.

We defined kokanee mortality by weight as the weight of kokanee flesh that was lost from
the population due to all forms of mortality between years. We calculated mortality by weight as:

Au=W AN

where A, = estimated annual mortality of a kokanee cohort for a year by weight, w = the mean
weight of kokanee between years one and two within the cohort, and A N is the change in the
estimated number of kokanee in a cohort between years one and two (the number lost from a

cohort). Results were summed across all cohorts to estimate total weight of all kokanee that died
during the year.
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RESULTS

Trawling

By trawling, we estimated the lake contained 138,200 age-0 kokanee (+36%, 90% C.1.),
459,900 age-1 kokanee (+ 56%), 88,800 age-2 kokanee (+ 46%), and 61,600 age-3 kokanee (x
43%), with a total population of 748,500 kokanee (x 38%) (Table 23). Modal sizes of kokanee for
each age class were 40 mm, 150 mm, 200 mm, and 230 mm for ages 0 to 3, respectively (Figure

2). Standing stock of the kokanee population was estimated at 52.6 kg/ha with a total biomass of
30.7 t.

We also estimated the potential number of eggs that could be laid by this kokanee
population in the fall of 2010 based on the trawling data. We found that kokanee over 220 mm
were mature and 50% of the kokanee between 210 mm and 220 mm had matured. This
corresponded to mostly age-3 late spawning fish and age-2 early spawning fish. Assuming a 1:1
male to female ratio, we estimated the lake contained 35,900 adult female kokanee. Using a
mean length of spawners of 230 mm (assumes no growth between July and November), and 371
eggs/female, we estimated kokanee in Spirit Lake had a potential egg deposition of 13.3 million
eggs.

Separate population estimates were made for kokanee believed to be of the early
spawning strain based on trawling. We estimated the lake contained 20,400 (= 101%, 90% C.I.)
age-2 early spawning kokanee. No early spawners were seen in any other age class. The
biomass of this age class was estimated at 2.0 t with a standing stock of 3.36 kg/ha. Survival
estimates from stocking 168,741 fry in 2008 to age-2 kokanee in 2010 was 12%.

Hydroacoustics

Two size groups of kokanee were noted based on target strengths, which corresponded to
fry and all other age classes (Figure 15). Based on this distribution, and the size break between
fry and age-1 kokanee in the trawl catch, we divided fry from older age classes of kokanee at -
47.0 dB. The modal length of fry was -49.5 dB or about 56 mm (Love (1971). This agreed with
the modal size of fry in the trawl catch, which was 55 mm.

Using this size break at -47 dB, we estimated the lake contained 366,800 (627 fish/ha)
age-0 kokanee (90% Cl, -16% to +19%), and 779,000 (1,332 fish/ha) age 1 through 3 kokanee
(90% Cl, -29% to +40%). The proportions of kokanee in the trawl catch, exclusive of fry, were:
75.35% age-1, 14.56% age-2, and 10.09% age-3. Based on these proportions we estimated the
lake contained 587,000 (1,003 fish/ha) age-1 kokanee, 113,400 (194 fish/ha) age-2 kokanee, and
78,600 (134 fish/ha) age-3 kokanee (Table 24).

We estimated the potential egg production of the kokanee population based on the
hydroacoustic results. In the trawl catch, 13% of the age-2 kokanee and 98% of the age-3
kokanee were mature. Applying these percentages to the hydroacoustic population estimate, we
calculated the lake contained 45,900 female kokanee, at a 50:50 male to female proportion. The
lake therefore contained 17.0 million eggs assuming 371 eggs/female.
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Last year, 2009, we estimated the potential egg deposition was 12.4 million. This year's
fry production was 366,800, giving an egg-to-fry survival rate of 3.0%.

Kokanee production was estimated at 35.5 t (60.6 kg/ha/yr) for the lake (Table 25). The
most productive age class was between fry and age-1 kokanee, which grew nearly 21 t of fish
flesh this past year. Biomass of kokanee was 39.5 t, standing stock was 67 kg/ha (Tabie 25), and
mortality by weight was 26 t (44 kg/ha/yr). Based on these data, the production to biomass ratio
was 0.9:1. Mean NASC estimate for the lake was 646 m*/nautical mile’ (Figure 16).

We also calculated kokanee biomass 