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INTRODUCTION 

Lake Pend Oreille once provided the largest kokanee (landlocked form of the Sockeye 
Salmon Oncorhynchus nerka) fishery in the state of Idaho. Between 1952 and 1966, kokanee 
harvest averaged 1 million per year with up to 523,000 angler-hours (Jeppson 1953; Maiolie and 
Elam 1993). Beyond providing a popular sport fishery, kokanee serve as the primary forage for 
predatory salmonids including ESA-listed Bull Trout Salvelinus confluentus and Gerrard-strain 
Rainbow Trout O. mykiss. Bull Trout (14.5 kg) and Rainbow Trout (16.8 kg) have reached world 
record sizes in Lake Pend Oreille, and angling for these trophy-sized predators contributed a 
major portion of the annual effort (46% in 1980, Ellis and Bowler 1981; 39% in 2014, Bouwens 
and Jakubowski 2016). These two predatory trout species are reliant upon a kokanee prey base 
in Lake Pend Oreille. 

 
Kokanee harvest dramatically declined after 1966, and by 1985, the annual harvest was 

only 71,200 kokanee with 179,000 angler-hours (Bowles et al. 1987; Maiolie and Elam 1993). 
The population continued to decline, and the Idaho Department of Fish and Game (IDFG) 
closed the kokanee fishery in 2000 due to low adult kokanee abundance. Drawdowns of the 
lake during fall and winter for flood control and power production may have contributed to the 
initial kokanee decline by dewatering redds and reducing the availability of quality spawning 
habitat (Maiolie and Elam 1993). Additionally, mysid shrimp Mysis diluviana were introduced as 
a kokanee forage base, but likely reduced kokanee production through competition for 
zooplankton resources (Nesler and Bergersen 1991). Despite the closure of the fishery, the 
kokanee population declined to near collapse in 2007, mainly due to an increase in the Lake 
Trout S. namaycush population (Maiolie et al. 2002; Maiolie et al. 2006a; Schoby et al. 2009b).  

 
The primary strategy to restore the kokanee population has been directed at reducing 

predation by Lake Trout. Beginning in 2000, IDFG removed all harvest limits on Lake Trout and 
implemented an Angler Incentive Program (AIP), which paid anglers to harvest Lake Trout. To 
further reduce Lake Trout abundance, in 2006, IDFG contracted Hickey Brothers Research, LLC 
(Bailey’s Harbor, Wisconsin) to fish commercial gill and trap nets in Lake Pend Oreille. A 
secondary restoration strategy focused on winter lake surface elevation management to 
enhance wild egg incubation success, although this strategy has not been shown to benefit 
kokanee recruitment (Whitlock 2013; Wahl et al. 2015b). However, this research did identify 
areas to add gravel to enhance kokanee spawning habitat at depths greater than those affected 
by lake surface elevation management (Wahl et al. 2015b). 

 
Since reaching record lows in 2007, kokanee abundance and biomass have since 

increased annually (Wahl et al. 2015b). For the first time in 14 years, a limited-harvest (six fish 
limit) fishery was reopened in 2013, and the harvest limit was increased to 15 kokanee per day 
in 2014. Project activities in 2016 have again focused on evaluating kokanee population 
responses to the restoration strategies. In addition, a study conducted in collaboration with the 
University of Idaho to examine mysid shrimp and zooplankton dynamics in relation to kokanee 
was continued in 2016. Lake Trout research was conducted to help improve the efficiency and 
effectiveness of Lake Trout netting operations and to evaluate the potential influence that 
removals have had on the population. 

 
 

STUDY AREA 

Lake Pend Oreille is located in the northern panhandle region of Idaho (Figure 1). It is 
the state’s largest and deepest lake, with a surface area of 32,900 ha, a mean depth of 164 m, 
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and a maximum depth of 357 m. Only four other lakes in the United States have a greater 
maximum depth. The Clark Fork River, located on the northeast portion of the lake, is the 
largest tributary. Outflow from the lake near Sandpoint forms the Pend Oreille River. Lake Pend 
Oreille is a temperate, oligotrophic lake in which thermal stratification typically occurs from late 
June to September (Maiolie et al. 2002) with epilimnetic temperatures averaging about 9°C 
(Rieman 1977). Operation of Albeni Falls Dam on the Pend Oreille River keeps the surface 
elevation high and stable at 628.7 m above MSL during summer (June-September), followed by 
surface elevations of 626.4 m or 625.1 m during fall and winter. Littoral areas are limited and 
most shorelines are steeply sloped. Detailed maps of tributaries and shoreline areas referenced 
in this report can be found in Appendix A.  

 
A diverse fish assemblage is present in Lake Pend Oreille. Native game fish include Bull 

Trout, Westslope Cutthroat Trout O. clarkii lewisi, and Mountain Whitefish Prosopium 
williamsoni. Native nongame fishes include Pygmy Whitefish P. coulterii, Slimy Sculpin Cottus 
cognatus, five cyprinid species, and two catostomid species. The most abundant nonnative 
game fish is kokanee (landlocked form of Sockeye Salmon) with both early-run (August-
September spawn) and late-run (November-December spawn) strains present. Mature kokanee 
from both runs spawn in tributaries and the more numerous late-run kokanee also spawn along 
the lake shoreline. Other abundant nonnative game fish include Rainbow Trout, Lake Trout, 
Lake Whitefish Coregonus clupeaformis, and Smallmouth Bass Micropterus dolomieu. Less 
abundant nonnative game fishes include Northern Pike Esox lucius, Brown Trout Salmo trutta, 
Largemouth Bass M. salmoides, Yellow Perch Perca flavescens, and Walleye Sander vitreus 
(Hoelscher 1992).  

 
Historically, Bull Trout and Northern Pikeminnow Ptychocheilus oregonensis were the 

primary native predators in Lake Pend Oreille (Hoelscher 1992). The historical native prey 
population included Mountain Whitefish, Pygmy Whitefish, Slimy Sculpin, suckers Catostomus 
spp., Peamouth Mylocheilus caurinus, and Redside Shiner Richardsonius balteatus, as well as 
juvenile salmonids (Bull Trout and Westslope Cutthroat Trout). Presently, the predominant 
pelagic predatory species are Lake Trout, Rainbow Trout, and Bull Trout. 

 
 

PROJECT OBJECTIVES 

1. Restore kokanee abundance to a population level that can support an average annual 
harvest of 300,000 fish and catch rates of 1.5 fish per hour by 2017.  

 
2. Provide kokanee with adequate spawning habitat to allow for population restoration.  
 
3. Reduce the Lake Trout population to pre-1999 abundance and ensure long-term 

suppression keeps the population below this level. Below this abundance threshold, 
negative influences of Lake Trout on the kokanee and Bull Trout populations are 
expected to be minimal. 
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Figure 1. Map of Lake Pend Oreille, Idaho showing the three lake sections (separated by 

dashed lines) and primary kokanee spawning tributaries. The main inflow and 
outflow rivers (Clark Fork River and Pend Oreille River) and dams (Cabinet 
Gorge Dam and Albeni Falls Dam) are shown.  

 
 
  

Albeni Falls 
Dam 

Cabinet Gorge 
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Clark Fork River Pend Oreille River 
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CHAPTER 1: KOKANEE RESEARCH 

ABSTRACT 

During 2016, we examined the response of kokanee (the landlocked form of Sockeye 
Salmon Oncorhynchus nerka) to restoration efforts. We conducted hydroacoustic surveys and 
midwater trawling during August and September to assess the kokanee population status. Total 
kokanee abundance was 25.3 million (1,118 kokanee/ha), which was comprised of 16.8 million 
fry (10.4 million wild and 6.2 million hatchery) and 8.2 million kokanee ages 1-3. Kokanee 
biomass was 398 metric tonnes (t), with an annual kokanee production at 401 t. Survival from 
age-1 to age-2 was 49%. Kokanee along the shoreline in the Scenic Bay area near Bayview 
were counted as a shoreline spawning index. A total of 20,065 kokanee were counted, which is 
among the highest counts since 1972. Kokanee fry abundance was higher than the record high 
2015 levels, and the highest since surveys began in 1996. Similarly, age-1 abundance was also 
the highest on record. We documented a collapse of the mysid shrimp population in 2012. The 
2016 mysid density increased to the highest levels since 2009, largely a result of increases in 
young-of-year densities. The immature and adult mysid density decreased from 2015 levels but 
the overall mysid population remains well below the historical average.  

 
 

Authors: 
 
 
Pete Rust Nicholas C. Wahl 
Senior Fishery Research Biologist Senior Fishery Research Biologist 
 
 
Matthew P. Corsi William J. Ament 
Principal Fishery Research Biologist Senior Fishery Technician 
  
 
William H. Harryman 
Senior Fishery Technician 
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INTRODUCTION 

Numerous factors have contributed to the decline of kokanee (the landlocked form of 
Sockeye Salmon Oncorhynchus nerka) from their historical abundance. The winter drawdowns 
of Lake Pend Oreille (Figure 1, Appendix A) occurring after kokanee spawning, thereby leaving 
many shoreline redds above the waterline, was implicated as the most detrimental factor 
contributing to the decline (Maiolie and Elam 1993). Operational strategies began in the early 
1990s to maintain a stable minimum lake level after mid-November. Additionally, an 
experimental approach to increase kokanee egg survival was implemented in 1996 where the 
winter surface elevation was at either 625.1 or 626.4 m above mean sea level (MSL). The 
premise behind this approach was that survival would be greater when the lake was held at the 
higher elevation, and periodically holding the lake at the lower elevation would allow wave 
action to redistribute gravel spawning substrate (Maiolie et al. 2004; Maiolie et al. 2006b). 
Recent research has concluded that this approach did not directly create the desired outcome 
(Wahl et al. 2015b; Whitlock 2013). However, operation of Albeni Falls Dam has altered the 
hydrology of Lake Pend Oreille and changed the shallow water habitat used by kokanee for 
spawning (Maiolie and Elam 1993).  

 
Along with winter lake drawdowns, other factors have also negatively impacted the 

kokanee population. The introduction of mysid shrimp Mysis diluviana in the 1960s likely 
contributed to the kokanee decline (Martinez and Bergersen 1991; Nesler and Bergersen 1991), 
but the extent to which this factor is limiting is presently unknown. A newer threat to kokanee 
restoration emerged in the early 2000s. At that time, predation by an increasing Lake Trout 
Salvelinus namaycush population became the primary limiting factor for kokanee restoration 
(Maiolie et al. 2006b). An aggressive predator removal program was initiated in 2006 to address 
this issue (Hansen et al. 2008). 

 
Since reaching record lows in 2007, kokanee abundance and biomass have increased 

annually in response to predator reduction, and an unexplained mysid shrimp collapse in 2012 
may have accelerated observed kokanee increases (Wahl et al. 2015a). With kokanee biomass 
at its highest since the mid-1990s, a limited harvest fishery (six fish daily limit) was reopened in 
2013, and in 2014 the daily limit was increased to 15 (the standard for other regional lakes). The 
more robust kokanee population will provide opportunities for investigating mysid shrimp and 
kokanee competition and evaluation of hatchery stocking practices. In 2016, we initiated a creel 
survey focused on evaluating kokanee catch rates in response to Lake Trout suppression and 
other recovery efforts. We also continued to evaluate the response of the kokanee population to 
restoration efforts using hydroacoustic surveys and trawling.  

 
 

METHODS 

Kokanee Population Dynamics 

Abundance and Survival 

We conducted a hydroacoustic survey on Lake Pend Oreille to estimate the abundance 
and survival rate of kokanee. Hydroacoustic surveys were performed at night between August 17 
and 20, 2016 with six to eight survey transects in each lake section (see Figure 1). Further 
protocol details have been described by Wahl et al. (2011a). Prior to the surveys, we calibrated 
the echo sounder for signal attenuation to the sides of the acoustic axis using Simrad’s EK60 
software (Simrad Fisheries, Lynnwood, WA). We estimated kokanee abundance with echo 
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integration techniques using Echoview software version 6.1.60.27483 (Echoview Software Pty 
Ltd, Hobart, Tasmania). This technique calculated densities along each transect using the 
following equation (see Parker-Stetter et al. 2009):  

 

𝜌𝜌 = �
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

4𝜋𝜋10
𝑇𝑇𝑇𝑇
10
�0.00292 

 
where ρ is density (number of fish per hectare), NASC is the total backscattering (m2/nautical 
mile2), and TS is the mean target strength in decibels for the area sampled. To estimate 
lakewide kokanee abundance, we calculated a mean kokanee density estimate for each 
section. We then multiplied the mean density in each lake section by the area therein to obtain 
an abundance estimate for each section. Finally, we summed abundance in each of the three 
sections to estimate the total kokanee abundance. Further descriptions on the criteria used to 
analyze the hydroacoustics data can be found in Wahl et al. (2010). 

 
Once density estimates for kokanee were determined, we calculated 90% geometric 

confidence intervals (CI) using standard formulas for stratified sampling designs (Scheaffer et 
al. 1979):  
 

�̅�𝑥 ± 𝑡𝑡𝑛𝑛−190 �
1

𝑁𝑁𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2 �𝑁𝑁𝑖𝑖2 �
𝑁𝑁𝑖𝑖 − 𝑛𝑛𝑖𝑖
𝑁𝑁𝑖𝑖

�
3

𝑖𝑖=1

𝑠𝑠𝑖𝑖2

𝑛𝑛𝑖𝑖
 

 
where �̅�𝑥 is the estimated mean density of kokanee in the lake (fish/ha), t is the Student’s t value, 
Ni is the number of possible samples in section i, ni is the number of samples collected in 
section i, and si is the standard deviation of the samples in section i. Confidence intervals were 
then converted to total abundance based on the total area of the three lake sections. 

 
We were able to separate kokanee fry (<100 mm) from the older age-classes using the 

Echoview software. A target-strength frequency histogram was established, and the nadir was 
used as the break between fry and larger kokanee. To separate hydroacoustic estimates of 
larger kokanee into age-classes (age-1 through age-4), we used the results of midwater 
trawling. Trawling occurred during August 10–16, 2016. These dates were during the dark 
phase of the moon, which optimized the capture efficiency of the trawl (Bowler et al. 1979). The 
trawl net had graduated mesh increments ranging from 13 to 32 mm stretch, and following 
sampling procedures for midwater trawling described in Rieman (1992) and Wahl et al. (2011a). 
To sample kokanee fry for assessing origin (hatchery or wild), we also conducted a midwater 
trawl survey during this same time window using a smaller mesh trawl net (0.8 x 1.6 mm bar) as 
previously described in Wahl et al. (2011a). 

 
We collected kokanee from each trawl transect, placed them on ice, then placed them in 

a freezer for storage. To process kokanee, we thawed out sample bags corresponding to each 
transect, counted the fish, recorded TL (in mm) and weight (g), and checked for sexual maturity. 
We removed scales and otoliths from 10-15 fish in each 10 mm size interval, and otoliths from 
all fry. The scales were aged by two independent readers, and otoliths were used to determine 
hatchery or wild origin (see below). From these data, we created an age/origin-length key to 
assign an age and origin to every fish captured. Next, we estimated the mean density of each 
kokanee age-class within a lake section using the assigned ages and origins of fish. We then 
used these proportions of each age-class of kokanee in a lake section to separate the age-1 
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through age-4 hydroacoustics data in that section. After repeating this process for each section, 
we totaled the values to generate lakewide age-specific abundance estimates. From these age-
specific abundance estimates, we calculated annual survival for each age-class (i.e., from one 
age class to the next) by comparing to the previous year’s estimates. 

Hatchery and Wild Abundance 

All kokanee produced at the Cabinet Gorge Fish Hatchery since 1997 have been 
marked using thermal mass-marking techniques (or cold branding) as described by Volk et al. 
(1990). Therefore, all hatchery-origin kokanee otoliths had distinct thermal marks, which were 
used to identify brood year and origin (hatchery vs. wild). Hatchery personnel initiated thermal 
treatments five to ten days after fry entered their respective raceways and sacrificed ten fry from 
each raceway to verify thermal marking success. Methodologies for evaluating thermal marks 
are described in Wahl et al. (2010).  

 
To estimate the proportion of wild and hatchery kokanee, we first calculated the 

proportion of wild and hatchery kokanee fry within each 10 mm length group to estimate the 
overall proportion of wild and hatchery fry in each lake section. We then multiplied the 
proportion of wild fish by the hydroacoustic population estimate for fry in that section. Finally, we 
summed these values to estimate the abundance of wild fish in the entire lake. 

Biomass, Production, and Mortality by Weight 

We calculated the biomass, production, and mortality by weight of the kokanee 
population in Lake Pend Oreille to assess the effects of predation. Biomass was the total weight 
of kokanee within Lake Pend Oreille at the time of our population estimate, calculated by 
multiplying the population estimate of each kokanee age-class by the mean weight of kokanee 
assigned to that age-class. Finally, we summed the calculated weights of age-classes to obtain 
estimates of total kokanee biomass in the lake.  

 
Production was defined as the growth in weight of the kokanee population regardless of 

whether the fish was alive or dead at the end of the year (Ricker 1975). To determine production 
of a kokanee age-class between years, we first calculated the increase in mean weight of a 
cohort since the previous year and averaged the abundance estimates for that cohort between 
the two years. Next, we multiplied the increase in mean weight by the average cohort 
abundance. This process was repeated for all cohorts, and we summed the results for all of the 
age-classes to determine population-wide production (i.e., within the entire lake). Production P 
for year t was estimated using the formula  

 

𝑃𝑃𝑡𝑡 = �(𝑤𝑤𝑖𝑖𝑡𝑡+1 − 𝑤𝑤𝑖𝑖𝑡𝑡) × �
𝑛𝑛𝑖𝑖𝑡𝑡+1 + 𝑛𝑛𝑖𝑖𝑡𝑡

2
� 

 
where w is the weight and n is the abundance estimate of cohort i in year t. These calculations 
assumed linear rates of growth and mortality throughout the year. Hayes et al. (2007) provides 
additional details on methods for estimating production.  

 
Mortality by weight refers to the total biomass lost from the population due to all forms of 

mortality (e.g., natural, predation) between years (Ricker 1975). To estimate annual mortality by 
weight for an age-class, we calculated the mean weight of fish in a cohort between years. We 
then subtracted that cohort’s population estimate in the current year from the previous year to 
determine the number of fish lost. Finally, we multiplied the mean weight by the number of fish 
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lost to estimate the mortality by weight for each age-class. Results were summed across all 
age-classes to estimate total yield for the kokanee population. Mortality by weight Y for year t is 
estimated using the formula  

 

𝑌𝑌𝑡𝑡 = �(𝑛𝑛𝑖𝑖𝑡𝑡+1 − 𝑛𝑛𝑖𝑖𝑡𝑡) × �
𝑤𝑤𝑖𝑖𝑡𝑡+1 +𝑤𝑤𝑖𝑖𝑡𝑡

2
� 

 
where n is the abundance estimate and w is the weight of cohort i in year t. Linear rates of 
growth and mortality throughout the year were assumed.  

Spawning Kokanee Index Counts  

We counted spawning kokanee at standardized tributary and shoreline index transects 
where spawning was documented historically (Jeppson 1960). Surveys at index transects built 
upon annual trend data dating back to 1972. Surveys for late-run kokanee occurred along the 
shoreline at several locations in Scenic Bay. Trestle Creek was the only Lake Pend Oreille 
tributary surveyed in 2016.  

Kokanee Creel Survey 

In 2016, we initiated a creel survey focused on evaluating kokanee catch rate trends 
resulting from recent increases in kokanee abundance. The goal of this creel survey was to 
evaluate angler catch statistics under higher kokanee abundances, and also to evaluate the 
relative contributions of hatchery (including early/late stock comparisons) versus wild spawning 
kokanee stocks. The creel survey was focused on kokanee catch rates, and began during the 
2016 primary kokanee fishing season (May-October) and will conclude after the 2017 season. 
Our objectives for this survey include: 

 
• Estimate the mean catch rate of kokanee throughout the season 
• Estimate the size structure of harvested kokanee during each month 
• Estimate the age-structure of harvested kokanee during each month 
• Estimate each stock’s (KE-H, KL-H, wild) contribution to the fishery 
  

Results and evaluation will be reported in the 2017 annual report. 

Limnological Research 

Mysid Shrimp Trend Monitoring 

We sampled mysid shrimp during June 6-8, 2016 to estimate their density within Lake 
Pend Oreille. All sampling occurred at night during the dark phase of the moon, when mysid 
shrimp are found at shallower depths (Boscarino 2009). We collected mysids at eight sites per 
lake section (24 sites total) using a 1 m hoop net. Further details on methods can be found in 
Wahl et al. (2011a).  

 
During laboratory analysis, mysid shrimp were classified and enumerated as either 

young-of-the-year (YOY), immature, or adults. We estimated density by the number of mysid 
shrimp enumerated in each sample per volume of water filtered. We calculated a mean density 
with 90% confidence intervals for each portion of the population. Confidence intervals were 
estimated similar to those used for kokanee abundance above.  
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RESULTS 

Kokanee Population Dynamics 

Abundance and Survival 

In 2016, we estimated 25.3 million kokanee (23.6–27.0 million, 90% CI) or 1,118 fish/ha 
in Lake Pend Oreille, based on our hydroacoustic survey. This included 16.8 million kokanee fry 
(15.8–17.7 million, 90% CI; Table 1, Figure 2), 5.4 million age-1, 2.0 million age-2, 1.0 million 
age-3, and 216,000 age-4 kokanee (Table 2, Figure 2). During the midwater trawl survey, we 
sampled 1,508 kokanee that varied in TL from 25 to 295 mm (Figure 3) and in weight from 0.15 
to 234 g. We estimated kokanee survival at 36% from fry to age-1, 49% from age-1 to age-2, 
65% from age-2 to age-3, and 39% for age-3 to age-4 (Table 3). 

Hatchery and Wild Abundance 

During spring 2016, the Cabinet Gorge Fish Hatchery released 8.9 million thermally 
marked kokanee fry into Lake Pend Oreille. Out of this total, 6.3 million were late-run fry and 2.6 
million were early-run fry. 

 
Wild kokanee fry made up 77%, 76%, and 61% of the fry net catch in the southern, 

middle, and northern sections, respectively (Table 1). Based on these proportions, we estimated 
the wild fry population at 10.4 million (Table 1). Also, we estimated that wild kokanee comprised 
84%, 78%, 62%, and 58% of age-1, age-2, age-3, and age-4 abundance estimates, respectively 
(Table 2).  

Biomass, Production, and Mortality by Weight 

Based on the hydroacoustic estimates of kokanee abundance, kokanee biomass was 398 
metric tonnes (t) and production was 401 t (Figure 4). Total mortality by weight was 293 t, which 
was 108 t less than production (Figure 4). 

Spawning Kokanee Index Counts  

In 2016, we observed 20,065 late-run kokanee spawning on the shoreline near the town 
of Bayview in Scenic Bay (Table 4). Additionally, we observed 2,043 early-run kokanee 
spawning in Trestle Creek (Table 5).  

Limnological Research 

Mysid Shrimp Trend Monitoring 

We estimated a mean density of 510 mysid shrimp/m2 during June 2016 (Table 6; Figure 
5). This included 79 immature and adult mysids/m2 (90% CI of ± 14.3; Table 6; Figure 6) and 
431 YOY mysids/m2 (90% CI of ± 123; Table 6; Figure 6).  
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DISCUSSION 

Kokanee Population Dynamics 

Kokanee continue to respond favorably to management actions. Age-0 kokanee 
abundance continues to increase annually and was the highest in 2016 since hydroacoustic 
surveys began in 1995, and strong cohorts continue to be the norm with four consecutive years 
with over two million age-1 kokanee and three consecutive years of over one million age-2 
kokanee. Although total abundance was reduced from 2014 levels, the age-3 kokanee in 2016 
continue to provide a robust fishery. Recent abundance trends, combined with survival rates 
commonly exceeding 60% for age-1 through age-3 for the past four years, suggest that kokanee 
have responded positively to restoration efforts. During 2011 and 2012, we documented an 
increasing trend in age-1 kokanee abundance, but were concerned that comparably strong age-
1 cohorts did not survive well to older ages in recent years. Both of these cohorts resulted in 
over 1.5 million kokanee at age-3 in 2013 and 2014. High age-0 recruitment and high age-1 
survival in 2014 and 2015 have allowed the kokanee population to build to the current high 
abundance. We are optimistic that Lake Trout suppression will lead to continued high survival 
and higher abundances of mature kokanee. 
 

From 1996 to 2011, kokanee production was relatively constant, ranging from 174 t to 
254 t. However, during 2004-2007, kokanee mortality by weight was on average 59 t higher than 
production, leading to decreases in kokanee biomass. Pronounced increases in the production to 
biomass ratio during this period were vital to slowing the decline of the kokanee population (Wahl 
et al. 2010). From 2008 to 2013, kokanee production was on average 80 t higher than mortality, 
and biomass in 2013 reached the highest level on record. Biomass declined by over a third in 
2014, but was still the second highest on record. This decline was related to a mortality that was 
twice as high as any other estimate recorded. We are unsure as to what led to the increased 
mortality as a whole, but roughly one third can be attributed to losses that occurred when most 
age-3 kokanee spawned during 2013. In the past, most kokanee matured at age-4, and 
maturation at age-3 was rare. Overall, continuation of the Lake Trout reduction program should 
help kokanee production remain at the same level or higher than mortality by weight and lead to 
further increases in kokanee biomass. 

 
In 2016, late-run shoreline spawning kokanee counts were made only at the Scenic Bay 

area near Bayview (Wahl et al. 2015a). Counts in 2016 were nearly twice the historic high from 
the Scenic Bay site. While this is a good sign for the continued recovery of kokanee, standard 
hydroacoustic and trawl surveys provide a more reliable measurement of trends in the kokanee 
population.  

 
Most of the early-run kokanee returning to tributaries have been individuals that strayed 

from Sullivan Springs where they were stocked as fry. The exception was South Gold Creek, 
where otolith analyses showed that the majority of spawning kokanee in this tributary were of 
wild origin (Wahl et al. 2011b; Wahl et al. 2013). Stocking early-run fry was discontinued in 
2010, so spawning kokanee in 2013 and 2014 were comprised of only wild-origin fish. 
Previously we stated that early-run kokanee were unlikely to substantially contribute towards 
restoration goals (Wahl et al. 2011a). However, now that the kokanee population is not in 
immediate risk of collapse, early-run kokanee supplementation may provide a benefit to the 
recreational fishery. Therefore, stocking early-run kokanee was resumed in 2013. Unlike late-
run kokanee, we have not collected mature early-run kokanee in our standard trawling surveys, 
so it is important to continue tributary spawner counts for early-run kokanee since this is the 
only way to evaluate their distribution and relative abundance. Tributary counts in 2016 were 
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made only at the Trestle Creek site. Counts in 2016 were down by about 50% from 2015 levels 
in Trestle Creek. To better understand the distribution of kokanee spawning, a comprehensive 
lakewide spawning survey, such as the one conducted in 2013 (Wahl et al. 2015b), should be 
periodically repeated. 

Limnological Research 

Mysid shrimp abundance in Lake Pend Oreille cycled through growth, decline, and 
stability since their introduction in 1966. A similar pattern of population fluctuation occurred in 
other western lakes after mysid introductions (Beattie and Clancey 1991; Richards et al. 1991). 
Mysid shrimp abundance in Lake Pend Oreille remained relatively stable during 1997-2011. 
However, the mysid shrimp population in Lake Pend Oreille collapsed in 2012. From 2013 
through 2016, the abundance of both the YOY and the immature and adult portions of the 
population have increased, but the overall density was less than 30% of the long-term average 
prior to the collapse. In 2016, the abundance of immature and adult mysids decreased slightly 
from 2015, but the YOY portion of the population increased substantially from 2015 to the highest 
densities since 2009. We are unsure what mechanism caused the collapse and whether mysid 
shrimp will return to their historical densities, but it appears as though mysid shrimp will remain at 
a low abundance at least through 2017.  

 
 

RECOMMENDATIONS 

1. Continue to reduce Lake Trout abundance using targeted gill and trap netting and 
incentivized angler harvest.  
 

2. Continue to assess the kokanee abundance, growth, and survival response to predator 
removal.  
 

3. Monitor the mysid shrimp abundance to determine if the collapse documented in 2012 
persists. 

 
4. Conduct periodic lakewide spawner estimates. 
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Table 1. Abundance estimates and 90% confidence intervals (CI) for kokanee fry 
(millions) based on hydroacoustic surveys in Lake Pend Oreille, Idaho in 2016. 
Percentage of wild, late-run hatchery (KL-H), and early-run hatchery (KE-H) fry 
was based on the proportions of fry caught using a fry net. 

 

 
Southern 
Section 

Middle 
Section 

Northern 
Section 

Lakewide 
Total 90% CI 

Total 5.7 4.9 6.2 16.77 15.9–17.7 
Percent wild fry in fry trawl 77 76 61 —  
Percent KL-H in fry trawl 20 20 35 —  
Percent KE-H in fry trawl 3 4 4 —  
Wild fry abundance estimate 4.4 3.7 3.8 11.87  
 
 
 
Table 2. Age-specific abundance estimates for kokanee in Lake Pend Oreille, Idaho, 

2016. Estimates were generated from hydroacoustic data that were separated 
into age-classes based on the proportion of individuals assigned to each age-
class in midwater trawling. Percentage of wild, late-run hatchery (KL-H), and 
early-run hatchery (KE-H) were based on the proportions of each caught in the 
trawl net. 

 
Area Age-1 Age-2 Age-3 Age-4 Total 
Northern Section      
Percent of age-class by trawling 89.7 8.8 1.3 0.2  
Population estimate (millions) 3.10 0.30 0.04 0.01 3.45 
      
Middle Section      
Percent of age-class by trawling 51.0 28.7 18.0 2.3  
Population estimate (millions) 1.17 0.66 0.42 0.05 2.30 
      
Southern Section      
Percent of age-class by trawling 39.4 36.8 18.3 2.3  
Population estimate (millions) 1.10 1.03 0.51 0.15 2.79 
      
Total population estimate (millions) 5.37 1.99 0.97 0.21 8.54 
90% confidence interval (millions)     7.25–9.82 
Percent wild 84 78 62 58  
Percent KL-H 14 16 35 42  
Percent KE-H 2 6 3 0  
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Table 3. Survival rates (%) among kokanee year classes estimated by hydroacoustics, 
1996-2016. Year refers to the year the older age class in the survival estimate 
was sampled. 

 
 Age class 

Year Fry to 1 1 to 2 2 to 3 3 to 4 
2016 36 49 65 39 
2015 35 42 43 4 
2014 30 65 36 0 
2013 23 99 85 15 
2012 40 68 98 9 
2011 25 26 62 55 
2010 30 35 23 19 
2009 29 77 59 8 
2008 15 32 40 83 
2007 19 10 11 0 
2006 23 13 12 13 
2005 46 14 24 25 
2004 22 36 30 19 
2003 35 58 68 73 

2002 31 44 17 36 

2001 28 27 6 17 
2000 52 22 66 40 
1999 24 18 71 49 
1998 37 28 94 26 
1997 42 59 29 17 
1996 44 79 40 46 
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Table 4. Counts of kokanee spawning along the shorelines of Lake Pend Oreille, Idaho. 
Numbers shown indicate the highest count and should be interpreted as a 
coarse-scale index of spawning kokanee abundance rather than a total estimate. 
Dashes represent index transects that were not counted. 

 

Year Bayview 
Farragut 

Ramp 
Idlewilde 

Bay Lakeview Hope 
Trestle Cr. 

Area Sunnyside 
Garfield 

Bay 
Camp 
Bay 

Anderson 
Point Total 

2016 20,065 — — — — — — — — — 20,065 
2015 4,192 — — — — — — — — — 4,192 
2014 9,659 450 62 10,000 407 65 — 205 0 — 20,848 
2013 10,857 550 25 10,000 77 45 0 60 0 — 21,614 
2012 4,117 0 15 300 0 0 0 120 0 — 4,552 
2011 4,214 35 124 1,500 0 0 0 20 0 — 5,893 
2010 4,865 0 0 3,500 0 0 0 113 0 — 8,478 
2009 2,635 36 1 0 0 6 0 9 0 — 2,687 
2008 663 6 0 0 0 0 0 0 0 — 669 
2007 325 0 0 0 0 0 0 0 0 — 325 
2006 1,752 0 0 0 17 0 0 12 0 — 1,781 
2005 1,565 0 5 1 0 1 0 66 0 — 1,638 
2004 2,342 0 100 1 0 0 0 34 0 — 2,477 
2003 940 0 0 0 0 20 0 0 0 — 960 
2002 968 0 0 0 0 0 0 0 0 — 968 
2001 22 0 0 0 0 0 0 0 1 — 23 
2000 382 0 0 2 0 0 0 0 0 — 384 
1999 2,736 4 7 24 285 209 0 275 0 — 3,540 
1998 5,040 2 0 0 22 6 0 34 0 — 5,104 
1997 2,509 0 0 0 0 7 2 0 0 — 2,518 
1996 42 0 0 4 0 0 0 3 0 — 49 
1995 51 0 0 0 0 10 0 13 0 — 74 
1994 911 2 0 1 0 114 0 0 0 — 1,028 
1993 — — — — — — — — — — — 
1992 1,825 0 0 0 0 0 0 34 0 — 1,859 
1991 1,530 0 — 0 100 90 0 12 0 — 1,732 
1990 2,036 0 — 75 0 80 0 0 0 — 2,191 
1989 875 0 — 0 0 0 0 0 0 — 875 
1988 2,100 4 — 0 0 2 0 35 0 — 2,141 
1987 1,377 0 — 59 0 2 0 0 0 — 1,438 
1986 1,720 10 — 127 0 350 0 6 0 — 2,213 
1985 2,915 0 — 4 0 2 0 0 0 — 2,921 
            
1978 798 0 0 0 0 138 0 0 0 0 936 
1977 3,390 0 0 25 0 75 0 0 0 0 3,490 
1976 1,525 0 0 0 0 115 0 0 0 0 1,640 
1975 9,231 0 0 0 0 0 0 0 0 0 9,231 
1974 3,588 0 25 18 975 2,250 0 20 0 50 6,926 
1973 17,156 0 0 200 436 1,000 25 400 617 0 19,834 
1972 2,626 25 13 4 1 0 0 0 0 0 2,669 
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Table 5. Counts of early-run kokanee spawning in tributaries of Lake Pend Oreille, Idaho. 
Numbers shown indicate the highest count and should be interpreted as a 
coarse-scale index of spawning kokanee abundance rather than a total estimate. 
Early-run kokanee counts in east shore tributaries began in 2008; prior to this, 
only Trestle Creek was surveyed. Dashes represent index transects that were 
not counted. 

 
Year S. Gold N. Gold Cedar Trestle Total 
2016 — — — 2,043 2,043 
2015 16,000 1,873 — 4,334 22,207 
2014 1,000 100 — 833 1,933 
2013 14,500 779 — 6,845 22,124 
2012 2,470 553 — 1,336 4,359 
2011 5,900 1,737 328 872 8,837 
2010 6,240 2,169 1,352 3,817 13,578 
2009 2,231 631 13 362 3,237 
2008 592 181 27 50 850 
2007 — — — 124 124 
2006 — — — 327 327 
2005 — — — 427 427 
2004 — — — 682 682 
2003 — — — 2,251 2,251 
2002 — — — 1,412 1,412 
2001 — — — 301 301 
2000 — — — 1,230 1,230 
1999 — — — 1,160 1,160 
1998 — — — 348 348 
1997 — — — 615 615 
1996 — — — 753 753 
1995 — — — 615 615 
1994 — — — 170 170 
      
1992 — — — 660 660 
1991 — — — 995 995 
1990 — — — 525 525 
1989 — — — 466 466 
1988 — — — 422 422 
1987 — — — 410 410 
1986 — — — 1,034 1,034 
1985 — — — 208 208 
      
1978 — — — 1,589 1,589 
1977 — — — 865 865 
1976 — — — 1,486 1,486 
1975 — — — 14,555 14,555 
1974 — — — 217 217 
1973 — — — 1,100 1,100 
1972 — — — 0 0 
 
 
 
Table 6. Densities of mysid shrimp (per m2), by life stage (young of year [YOY], and 

immature/adult), in Lake Pend Oreille, Idaho June 1-7, 2016. 
 

Lake Section YOY/m2 Immature/adult/m2 Total mysid shrimp/m2 
Northern 334 49 383 
Middle 408 81 490 

Southern 584 115 699 
Lakewide average 431 79 510 
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Figure 2. Kokanee age-specific abundance estimates based on hydroacoustic surveys. 

Estimates prior to 1995 were converted from trawl abundance estimates (Wahl et 
al. 2015). Age-3 and age-4 kokanee were not separated before 1986. 
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Figure 3. Length-frequency distribution of individual age-classes of wild and hatchery 

kokanee caught by midwater trawling in Lake Pend Oreille, Idaho during August 
2016. Origin or age could not be determined from all sampled kokanee.  
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Figure 4. Kokanee biomass, production, and mortality by weight (metric tonnes) in Lake 

Pend Oreille, Idaho from 1996-2016, excluding 1997 due to a 100-year flood 
event.  
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Figure 5. Annual mean density of mysid shrimp in Lake Pend Oreille, Idaho during 1973-

2016. Data collected before 1989 were obtained from Bowles et al. (1991), and 
data from 1995 and 1996 were from Chipps (1997). Mysid densities from 1992 
and earlier were converted from Miller sampler estimates to vertical tow 
estimates by using the equation y = 0.5814x (Maiolie et al. 2002). Mysids were 
first introduced in 1966. 
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Figure 6. Density estimates of immature/adult and young-of-year mysids in Lake Pend 

Oreille, Idaho 1995-2016. Error bounds identify 90% confidence intervals around 
the estimate. Immature and adult densities from 1995 and 1996 were obtained 
from Chipps (1997). 
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CHAPTER 2: LAKE TROUT RESEARCH 

ABSTRACT 

The kokanee (landlocked form of Sockeye Salmon Oncorhynchus nerka) and Bull Trout 
Salvelinus confluentus populations in Lake Pend Oreille have been threatened by Lake Trout S. 
namaycush over the past decade, and kokanee were on the verge of total collapse in 2007. To 
increase kokanee survival and protect Bull Trout, Lake Trout removal actions were 
implemented, including commercial netting and an angler incentive program. We used mobile 
telemetry receivers to follow acoustically tagged mature Lake Trout to spawning sites where we 
could target spawning aggregations with gill nets and maximize removal efficiency. During 
September and October 2016, we tracked 18 Lake Trout with mobile telemetry once or twice 
per week to identify spawning aggregations. Tracking events occurred along the entire shoreline 
of the lake, and we used three stationary receivers (one at each known spawning site) to 
document movement among spawning sites. We located 18 Lake Trout a total of 68 times using 
mobile telemetry. Combined mobile and stationary telemetry data show all 18 tracked fish 
visited at least one of the three spawning sites, and five (28%) visited all three sites. In October 
2016, we tagged an additional 14 adult Lake Trout ranging in size from 570 to 966 mm total 
length for telemetry studies in 2017. A total of 1,472 Lake Trout were caught in gill nets and 
removed from spawning sites by the contract netters in 2016, including 522 mature females and 
696 mature males.  
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INTRODUCTION 

Lake Trout Salvelinus namaycush were stocked in numerous lakes throughout western 
North America during the late 1800s and early 1900s (Crossman 1995), including Lake Pend 
Oreille (Figure 1, Appendix A) in 1925. Lake Trout present a threat to other salmonids, including 
kokanee (the landlocked form of Sockeye Salmon Oncorhynchus nerka) and Bull Trout S. 
confluentus. Bull Trout are particularly susceptible to negative interactions with Lake Trout, and 
Bull Trout populations generally cannot be sustained after Lake Trout introduction without 
human intervention (Donald and Alger 1993; Fredenberg 2002). Nearby Priest and Flathead 
lakes share similar characteristics with Lake Pend Oreille and exemplify the impact Lake Trout 
can have on Bull Trout and kokanee populations. In both of these lakes, Bull Trout were 
reduced to a small fraction of their historical abundance, and kokanee suffered complete 
collapse after the introduction of Lake Trout (Bowles et al. 1991; Stafford et al. 2002). Other 
lakes in the western United States have experienced similar detrimental effects to native fish 
and valued sportfish populations following Lake Trout introductions (Martinez et al. 2009). Lake 
Trout population modeling was conducted in 2006 and indicated that the Lake Trout population 
in Lake Pend Oreille was doubling every 1.6 years and would reach 131,000 adult fish by 2010 
(Hansen et al. 2008). This modeling suggested that changes similar to those seen in Flathead 
and Priest lakes were imminent without immediate management action. This led the Idaho 
Department of Fish and Game (IDFG) to implement an aggressive predator removal program 
(netting and incentivized angling) in 2006 to substantially reduce or collapse the Lake Trout 
population in Lake Pend Oreille (see Wahl and Dux 2010 for details). Although unintentional, 
commercial overharvest has led to collapse of various Lake Trout populations throughout their 
native range, including the Great Lakes and Great Slave Lake (Keleher 1972; Healey 1978; 
Hansen 1999).  

 
During 2007 and 2008, telemetry research identified two Lake Trout spawning sites in 

Lake Pend Oreille (Schoby et al. 2009a; Wahl and Dux 2010). Intensive gill netting at these 
sites since 2008 has yielded high numbers of mature Lake Trout and substantially increased the 
annual mortality rate on the reproductive segment of the population. In 2010, a third Lake Trout 
spawning site was identified (Wahl et al. 2011b). Telemetry research has continued annually, 
but the tags deployed for 2012 research all had battery failures prior to data collection (Wahl et 
al. 2015a). We continued telemetry research in 2016 to further evaluate whether Lake Trout 
spawning distribution changed in response to netting and used real-time data to guide netting 
during the spawning period.  

 
 

METHODS 

Lake Trout Telemetry 

To evaluate Lake Trout spawning distribution, we have tracked mature Lake Trout using 
acoustic telemetry since 2007. We surgically implanted acoustic transmitters (MM-M16-33 TP, 
Lotek Wireless Inc., Newmarket, Ontario) equipped with temperature and depth (effective to 100 
m) sensors into the abdomen of mature Lake Trout. Lake Trout were anesthetized with 30 mg/L 
of Aqui-S (AquaTactics Fish Health, Kirkland, WA). Transmitters were inserted through a 4.5 cm 
incision just off the centerline of the abdomen of the fish anterior to the pelvic fins and pushed 
back to sit on the pelvic girdle. Incisions were closed with non-absorbable sutures. 

 
Twenty-four mature Lake Trout were implanted with transmitters in fall 2015 for 2016 

telemetry studies. Ten of the transmitters had a battery life of one year and 14 had a battery life 
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of two years. During the spawning period (September-October), we tracked the entire lake 
twice, and tracked the spawning sites twice weekly. Additionally, three stationary receivers were 
positioned near the spawning sites from September to October, 2016. Lake Trout tracked during 
2016 were captured for tag insertion during fall 2015 (see Wahl et al. 2015b for details). 
Additionally, we captured and tagged Lake Trout during fall 2016 for 2017 telemetry research. 
These fish were captured using gill and trap nets operated by Hickey Brothers, LLC. To ensure 
sexual maturity, we tagged only Lake Trout that were ripe or were greater than 600 mm (IDFG, 
unpublished data).  

 
We used paired, boat-mounted directional hydrophones and a MAP 600RT P2 receiver 

(Lotek Wireless Inc., Newmarket, Ontario) to mobile-track tagged Lake Trout. This system 
incorporated MAPHOST software, which allowed simultaneous decoding of multiple signals and 
provided direction of arrival of the transmitters’ acoustic signals. Further description of field 
methodologies for telemetry can be found in Wahl et al. (2011a). Additionally, we submerged a 
WHS 3050 stationary receiver (Lotek Wireless Inc., Newmarket, Ontario) at each spawning site 
to more intensively evaluate movement among the three spawning sites. The receivers were in 
position for the entire spawning period (September and October) and were programmed to run 
continuously. 

Lake Trout Spawning Site Assessment 

Gill nets set by Hickey Brothers Research, LLC as a part of the removal effort were also 
used to assess changes in Lake Trout spawning characteristics (i.e., size structure and relative 
abundance). Gill nets used to capture Lake Trout were 274 m long, 2.0-4.0 m tall and contained 
a single stretch mesh of 10.2, 11.4, or 12.7 cm. Several nets were tied together to form a gang 
that was set in a serpentine pattern that paralleled shore. Gill nets were set around dawn and 
retrieved in the late-morning (typically 4-6 hour sets). We enumerated and measured total 
length (TL) of all Lake Trout captured in gill nets. Sex and sexual maturity were determined for 
most of the Lake Trout captured throughout the spawning period. Catch rates were calculated 
as the number of Lake Trout captured per 274 m net. No time component was included in these 
catch rates because Lake Trout catch has typically not increased with the duration of net sets 
(IDFG, unpublished data).  

 
 

RESULTS 

Lake Trout Telemetry 

Based on active tracking, four of the 24 transmittered Lake Trout died prior to the 
spawning season and two transmittered Lake Trout were never recorded during active tracking. 
Additionally, two transmittered Lake Trout were killed during Lake Trout suppression netting. 
Eighteen Lake Trout provided movement data for the 2016 spawning season. During the 
spawning period, we located 18 Lake Trout a total of 68 times using mobile telemetry. All 18 at-
large Lake Trout visited at least one of the three spawning sites. Lake Trout used all three 
spawning sites in 2016 (Figure 7), unlike 2014 and 2015 when one site had limited use each 
year. During their deployment, the stationary receivers recorded 75,229 detections from 18 at-
large tagged Lake Trout. From the combination of mobile telemetry and stationary receiver 
detections, we documented extensive Lake Trout movement during the spawning period. A 
large part of the movement detected on the stationary receivers occurred during the mobile 
tracking period (September 6 to October 3, 2016). All 18 of the Lake Trout visited multiple 
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spawning sites during the spawning period. Additionally, five Lake Trout (28%) visited all three 
spawning sites.  

 
For 2017 telemetry research, we tagged 14 mature Lake Trout from October 11-13, 

2016 with two-year transmitters. All were captured in gill nets (four each near Evans Landing, 
Bernard Beach, and Windy Point). Tagged Lake Trout averaged 707 mm TL (range = 570-966 
mm). A complete list of tagged Lake Trout at-large during the 2016 tracking season is provided 
in Appendix B. 

Lake Trout Spawning Site Assessment 

During 23 days of the Lake Trout spawning period, a total of 468 individual 274.3 m gill 
nets (128,272 m of net) was set at the spawning sites. We captured 1,472 Lake Trout (2.9 Lake 
Trout per net; 2.5-3.4 = 95% CI) and examined 1,455 fish for sex and maturity. Of those fish, 
512 were mature females with a mean TL of 777 mm (SE = 4.2; range = 447-1010) and 715 
were mature males with a mean TL of 689 mm (SE = 4.1; range = 456-992). This resulted in a 
sex ratio of 1.4 mature males per mature female. The remaining 228 Lake Trout were immature. 
 
 

DISCUSSION 

Lake Trout Telemetry 

During 2016, Lake Trout in Lake Pend Oreille used the same three spawning sites that 
were identified in the past (Wahl et al. 2011b; Wahl et al. 2013; Wahl et al. 2015b). Additionally, 
we did not document any changes in the spatial extent of spawning along these three spawning 
areas. However, Lake Trout distribution has changed within the stretches of spawning shoreline 
that have been identified and targeted with gill nets for several years. Specifically, we relocated 
Lake Trout at the Bernard Beach and Windy Point spawning sites sporadically, and relocations 
along the Evans Landing spawning site were primarily in small aggregations along sections of 
shoreline rather than spread out across the entire spawning site, as was the case in previous 
years (Wahl et al. 2013; Wahl et al. 2015a). 

 
During 2007-09, we observed almost no movement of Lake Trout among the three 

spawning sites, but since 2010 we documented that several Lake Trout made repeated trips 
among spawning sites. The use of stationary receivers since 2011 has improved the resolution 
of these data because of the increased number of detections compared to mobile telemetry 
alone. We are unsure of the effect that netting has had on the observed movement patterns in 
Lake Pend Oreille in recent years. Gill nets set at spawning sites may have directly prevented 
aggregations from forming through the removal of spawning adults or by hindering access to the 
spawning locations. Additionally, multiple years of high netting exploitation at spawning sites 
may have removed large enough portions of the spawning Lake Trout that aggregations were 
comprised of fewer individuals and fish were more easily disturbed by a similar amount of gill 
net effort. 

 
Although spawning aggregations have become more dispersed and fish moved among 

sites more than in the early years of our telemetry research, the fish were still vulnerable to 
netting. Even if Lake Trout were not at a single spawning site for the duration of the spawning 
period, they moved to other spawning sites where netting also occurred. Additionally, we do not 
know whether gill net disturbances negatively influenced spawning success by fish that were not 
captured and removed, but the apparent influence of gillnetting on fish distribution highlights the 
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importance of continued telemetry research. Determining where Lake Trout are most 
concentrated within each spawning site will be important for identifying the most effective 
location to set gill nets as fish shift their distribution during the spawning period. In the future, 
setting gill nets in more gangs comprised of fewer nets may prove to be more effective than a 
single long gang if spawning aggregations within each spawning site continue to shrink. 
Additionally, continued telemetry research is needed to assess whether disturbances from 
netting cause fish to seek new spawning sites, given this species’ ability to colonize new areas 
(Gunn 1995). 

Lake Trout Spawning Assessment 

Total catch of Lake Trout at spawning sites decreased again in 2016 to the lowest catch 
in eight years of targeted netting at the spawning sites. This year was also likely the lowest 
abundance of mature Lake Trout. Despite the variation in catch over the past few years, the 
length-frequency distribution changes during 2008 and 2016 indicate that all size-classes of 
mature Lake Trout have been vulnerable to removal efforts. Most importantly, the major 
reduction of Lake Trout less than 700 mm in the length-frequency distributions compared to 
those earlier in the program suggest a lack of year-classes recruiting to gill nets set at spawning 
sites. A large proportion of fish in these cohorts was removed prior to reaching maturity, either 
through juvenile netting or angler harvest. 

 
Over the past several years, we have effectively used data from gillnetting at Lake Trout 

spawning sites to assess the spawning segment of the population. Length-frequency since 2013 
suggested that the level of effort expended has been sufficient to achieve desired effects at all 
of the spawning sites. This is particularly important given that the Evans Landing spawning site 
has not been targeted for as many years as the other two sites, and we documented fish along 
more of the Evans Landing shoreline in 2013. The peak of the length-frequency distribution 
shifted towards smaller Lake Trout during 2012-13, and this could be related to year classes 
recruiting to maturity. Over the past five years, we have effectively removed Lake Trout as 
juveniles, and the shift in size structure of spawning Lake Trout back towards larger individuals 
should continue. Therefore, we do not expect to see any more large cohorts reaching maturity. 

 
Differences in the duration of time spent at spawning sites, age at maturity, and alternate 

year spawning in females can skew sex ratios at Lake Trout spawning sites to over 90% males 
(Martin and Olver 1980; Dux et al. 2011). However, the sex ratio in Lake Pend Oreille has never 
been highly skewed, ranging from 57% males in 2011 (Wahl et al. 2013) to 67% males in 2008 
(Wahl and Dux 2010). We are unsure of the rate of alternate year spawning by females in Lake 
Pend Oreille, but telemetry has shown that around 90% Lake Trout implanted with transmitters 
visited a spawning site in the fall (Wahl et al. 2013; Wahl et al. 2015a; Wahl et al 2015b). With 
nearly all Lake Trout visiting a spawning site each year and 50% of both male and female Lake 
Trout maturing around age-10 (Wahl et al. 2015a), we would not expect to see a highly skewed 
sex ratio in Lake Pend Oreille. 

 
Overall, the use of telemetry to guide gill net placement at Lake Trout spawning sites 

has been a useful tool and has increased the efficiency of removal efforts over the past several 
years. Without telemetry, exploitation of spawning Lake Trout would be reduced, as was the 
case in 2012 (Wahl et al. 2015a), which would reduce the effectiveness of the Lake Trout 
removal program as a whole. With Lake Trout maturing at age-10 and maximum ages in Lake 
Pend Oreille beyond age-20, it may take more years to collapse the population. However, the 
spawning segment of the population has been drastically reduced since 2008, and netting 
juveniles has become more effective in the last several years. We must continue removal efforts 
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in a similar fashion to collapse the population, and using telemetry to guide gill net placement on 
spawning aggregations will be a key component of achieving this goal. 
 
 

RECOMMENDATIONS 

1. Continue to use gill nets to remove spawning Lake Trout from the spawning sites 
identified in the past. 

 
2. Track Lake Trout during spawning using mobile telemetry to verify that traditional 

spawning sites are being used and new spawning sites are not being colonized. Use 
identified spawning distribution patterns to guide gill net placement in the future. 

 
3. Use stationary telemetry receivers to examine movement among the three spawning 

sites. 
 
4. Continue to periodically evaluate Lake Trout population dynamics, especially growth, 

fecundity, and age composition, to determine the influence the removals are having on 
the population. 
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Figure 7.  Locations of 18 tagged Lake Trout found through periodic surveys during the 

spawning season (September 6 to October 3, 2016) in Lake Pend Oreille, Idaho. 
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CHAPTER 3: RAINBOW TROUT RESEARCH 

ABSTRACT 

Lake Pend Oreille once provided the largest kokanee Oncorhynchus nerka fishery in the 
state of Idaho. Kokanee are the primary forage base for Rainbow Trout and provide the forage 
potential for Rainbow Trout to reach trophy sizes, including the former world record. High 
kokanee predation rates created by a rapidly expanding Lake Trout population posed a threat to 
Rainbow Trout abundance and growth. The Lake Trout suppression program successfully 
increased kokanee abundance. Anglers may be the best option for obtaining structures for 
Rainbow Trout age and growth evaluation. This method is non-lethal and may provide an 
important avenue for bolstering angler involvement in Lake Pend Oreille Research programs. In 
2016, anglers provided fin rays from 45 Rainbow Trout for growth evaluation. Length-weight 
growth ratios have increased in recent years and mean length at time of capture increased in 
2016, especially at the younger age classes. These improved growth metrics are likely a result 
of recent increases in kokanee abundance and biomass. Traditional sampling gears such as gill 
nets have proven ineffective at capturing Rainbow Trout as this species primarily occupies 
pelagic portions of the lake.  
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INTRODUCTION 

Lake Pend Oreille once provided the largest kokanee fishery in the state of Idaho. 
Between 1952 and 1966, harvests of kokanee averaged 1 million kokanee/yr with up to 523,000 
angler-hours of fishing pressure (Jeppson 1953; Maiolie and Elam 1993). In addition to 
historically providing a popular fishery, kokanee are the forage base that allows Gerrard 
Rainbow Trout in Lake Pend Oreille to reach trophy sizes, including the former world record. 
However, kokanee abundance declined, and in the early 2000s kokanee were at risk of 
complete collapse (Hansen et al. 2010). High predation rates created by a rapidly expanding 
Lake Trout population were the primary limiting factor for kokanee. To help the kokanee 
population recover, Rainbow Trout were added to the AIP program with a $15 bounty, and 
harvest was liberalized during 2006-2012. After kokanee started to rebound following Lake 
Trout suppression efforts, the management strategy for rainbows returned to the historical goal 
of providing a trophy fishery. However, aside from anecdotal evidence from anglers and very 
sporadic creel surveys, we have little data to help us manage the population. In addition, none 
of our typical sampling techniques (netting, electrofishing, etc.) effectively capture rainbows 
once they inhabit the pelagic waters of the lake. To help us understand the relative abundance 
and size structure of Rainbow Trout in Lake Pend Oreille, we have solicited the help of anglers 
to record basic catch and effort data in journals that we will use as a standardized annual 
monitoring tool. Rust et al. (2018) determined that ages derived from pectoral fin rays sections 
(non-lethal) were comparable to otoliths for evaluating age and growth parameters. In addition 
to basic catch and effort data, anglers also provided a fin ray section from angled Rainbow 
Trout, which greatly improved our sample sizes for comparing growth parameters over time.  

 
 

METHODS 

Pectoral fin rays and otoliths were collected by anglers and by the commercial netters 
during spring and fall 2016. Anglers captured fish in the lake, measured total length (TL) to the 
nearest ¼ inch (6 mm), and either removed the head including the pectoral fin (for direct 
mortalities) or just provided a fin ray section (for released fish). In the lab, we imbedded otoliths 
in epoxy then sectioned each one across the transverse plane (Koch and Quist 2007). Two 
cross sections (0.9 mm thickness) were cut near the base of each fin ray using a low-speed 
saw. Three independent readers examined each structure and settled differences by re-
examination.  

 
 

RESULTS 

During 2016, anglers collected 45 Rainbow Trout ranging in size from 305 mm to 902 
mm. Ages ranged from 3 to 9 years. The ratio of length to weight in 2016 was similar to 2014, 
higher than in 2011, and near the 1976-1983 average (Figure 8). Mean length at time of capture 
was slightly higher in 2016 than in previous years, especially in the younger age classes (Figure 
9).  

 
 

DISCUSSION 

The finding that ages estimated from pectoral fin rays and otoliths produce similar 
growth curves is important for the long-term management of Rainbow Trout in Lake Pend 
Oreille (Rust et al. 2018). Traditional sampling gears such as gill nets have proven ineffective at 
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capturing Rainbow Trout, as this species primarily occupies pelagic portions of the lake. 
Therefore, we have relied on anglers to obtain samples for age analyses. Under current 
management regulations, anglers are reluctant to harvest Rainbow Trout that they catch, which 
is necessary when using otoliths to estimate age. By having a non-lethal technique to estimate 
age, anglers can collect a sufficient sample size of structures to generate quality age and 
growth analyses. 

 
The growth rate based on length-weight ratios of Rainbow Trout in 2016 was faster than 

in 2011, similar to 2014, and close to the 1976-1983 average. We expected growth rates in 
2016 to be faster than in 2011 because the biomass of kokanee in 2016 was 398 metric tonnes, 
over twice as high as 2011 levels. However, kokanee biomass in 2014 was over 100 metric 
tonnes higher than 2015, but the Rainbow Trout growth rate based on von Bertalanffy growth 
curves analysis (Rust et al. 2018) in 2014 was not different than 2011. We are unsure what may 
be causing the observed results, but back-calculating growth increments could provide more 
understanding. This analysis will become more insightful once samples have been collected 
over numerous years.  

 
Mean length at time of capture increased for several age classes in 2016, primarily at 

the younger age classes. These differences may not be statistically different, especially in the 
older age classes as the error bars overlap, but it suggests that Rainbow Trout growth has 
improved since the kokanee population has rebounded and biomass has increased.  

 
 

RECOMMENDATIONS 

1. Back-calculate growth increments from Rainbow Trout collected during 2017. 
 

2. Continue to utilize anglers to collect Rainbow Trout fin rays for annual age and growth 
analyses. 
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Figure 8. Length-weight growth comparisons for Rainbow Trout collected from Lake Pend 

Oreille, Idaho.  
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Figure 9. Mean length at time of capture with 95% confidence intervals for Rainbow Trout 

collected during fall 2011, 2014, 2015, and 2016 from Lake Pend Oreille, Idaho.   
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CHAPTER 4: PREDATOR REMOVAL PROGRAM EVALUATION 

ABSTRACT 

For more than a decade, kokanee Oncorhynchus nerka recovery in Lake Pend Oreille 
has been limited by predation, primarily from Lake Trout Salvelinus namaycush. To address this 
issue, Idaho Department of Fish and Game (IDFG) implemented an aggressive predator 
removal strategy aimed at reducing Lake Trout. IDFG instituted unlimited harvest regulations 
and a $15 reward for each Lake Trout harvested as part of the Angler Incentive Program. 
Additionally, IDFG contracted with Hickey Brothers Research, LLC to remove Lake Trout from 
Lake Pend Oreille using gill nets and deepwater trap nets. During 2016, the contract netters 
removed 6,761 Lake Trout in gill nets and an additional 424 Lake Trout in trap nets. Anglers 
turned in 2,871 Lake Trout heads. The contract netters had an incidental catch of 1,659 Bull 
Trout S. confluentus with 519 direct mortalities (31%). Since the predator removal began in 
2006, 199,234 Lake Trout have been removed from Lake Pend Oreille. Standardized trap net 
catch of mature Lake Trout was 1.8 Lake Trout per net-night (1.2-2.6 = 95% CI), and 
standardized gill net catch of juvenile Lake Trout was 2.9 Lake Trout per 274 m net (2.5-3.4 = 
95% CI). These catch rates show that since the removal program began in 2006, the mature 
and juvenile segments of the Lake Trout population have both been reduced by over 70%. 
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INTRODUCTION 

Population modeling conducted in 2006 indicated the kokanee Oncorhynchus nerka 
population in Lake Pend Oreille (Figure 1, Appendix A) had a 65% chance of complete collapse 
due to predation, and exploitation rates of Lake Trout Salvelinus namaycush and Rainbow Trout 
O. mykiss at that time were not sufficient to reduce the risk (Hansen et al. 2010). Additionally, 
the Lake Trout population was doubling every 1.6 years and was projected to reach 131,000 
adults by 2010 without management intervention (Hansen et al. 2008). With those conditions, 
Lake Trout posed a threat to federally-threatened Bull Trout S. confluentus through predation 
and competition (Fredenberg 2002; Martinez et al. 2009; Guy et al. 2011). To protect Bull Trout 
and restore kokanee, the Idaho Department of Fish & Game (IDFG) started a two-part predator 
removal program in 2006 aimed at collapsing the Lake Trout population and reducing Rainbow 
Trout predation. First, IDFG liberalized angling regulations on Lake Trout and Rainbow Trout 
and initiated an angler incentive program (AIP) on Lake Pend Oreille that offered $15 rewards 
for any Lake Trout or Rainbow Trout harvested. Because the program did not decrease 
Rainbow Trout abundance, the AIP for Rainbow Trout was discontinued after 2012, and harvest 
regulations were reestablished to rebuild the trophy fishery (Wahl et al. 2015a). Secondly, IDFG 
contacted Hickey Brothers Research, LLC, who had previous experience netting Lake Trout on 
the Great Lakes, to remove Lake Trout from Lake Pend Oreille using gill nets and deepwater 
trap nets. A combination of gill nets, trap nets, and angling was necessary to maximize the 
likelihood of exerting high enough annual mortality to sufficiently reduce the Lake Trout 
population and prevent kokanee extirpation (Hansen et al. 2010). In 2016, we continued to 
monitor the implementation of the predator removal program. The AIP and part of the contract 
netting are funded by Avista as mitigation for their dams on the lower Clark Fork River. 

 
 

METHODS 

Hickey Brothers Research, LLC was contracted to remove Lake Trout from Lake Pend 
Oreille using gill nets and deepwater trap nets during 12 weeks during the winter/spring netting 
season (January 11-April 15) and 10 weeks during the fall netting season (September 12-
November 18) in 2016. Gill nets contained stretch mesh of 3.8–12.7 cm. The contract netters 
set primarily 3.8–7.6 cm mesh in the winter/spring (January-April) and late fall (October-
December) to target juvenile Lake Trout and 11.4–12.7 cm mesh in the early fall (September-
October) to target adult Lake Trout at spawning sites. Methods for setting gill nets and 
calculating catch rates are described in Chapter 2. Gill nets were set around dawn and pulled 
several hours later. Four trap nets (described in detail by Petersen and Maiolie 2005) were set 
during the fall at locations standardized in previous years. Hickey Brothers Research, LLC set 
the trap nets during the first week of fall netting and lifted the nets weekly through early 
November. On each lift, fish were removed from the trap nets, identified to species, 
enumerated, and measured for TL. Catch rates were calculated as the number of fish captured 
in a trap net divided by the number of nights that the net was set (per net-night). All Lake Trout 
captured were subsequently donated to local food banks. 

 
For the AIP, anglers that caught Lake Trout from Lake Pend Oreille turned the heads in 

to freezers that IDFG had placed around the lake. Heads were collected from freezers weekly, 
thawed, identified to species, and measured from the tip of the snout to the posterior edge of the 
operculum. Previously developed head-length to total-length relationships for Lake Trout in Lake 
Pend Oreille (Wahl et al. 2013) were used to extrapolate TL. 
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As a metric to evaluate the response of Lake Trout to removals, we used the combined 
catch rate of trap nets set at standardized locations during fall to index trends in adult Lake 
Trout abundance. The catch rate of Bull Trout in the standardized trap nets was also used to 
index their abundance. To index the abundance of juvenile Lake Trout, we used catch rates of 
Lake Trout caught in small mesh (3.8, 5.1, 6.4, and 7.6 cm) gill nets set in the north end of the 
lake during four weeks in October and November. 

 
 

RESULTS 

During the winter/spring 2016 netting season, Hickey Brothers Research, LLC set 1,254 
gill nets and captured 2,978 Lake Trout and 469 Bull Trout (Table 7). Of the Bull Trout captured, 
126 were direct mortalities (27%). Gill net catch rates averaged 2.2 Lake Trout per net (1.9–2.5, 
95% CI) in the winter/spring (Table 7). Captured Lake Trout ranged in size from 119 to 862 mm, 
but because the majority of the netting effort used small mesh nets to target small Lake Trout, 
86% of fish caught were <400 mm (Figure 10). 

  
During the fall 2016 netting season, Hickey Brothers Research, LLC set 948 gill nets and 

captured 4,222 Lake Trout and 1,321 Bull Trout (Table 7). Of the Bull Trout captured, 393 were 
direct mortalities (30%). Additionally, 4,207 the captured Lake Trout were removed; the 
remaining 15 Lake Trout were released for telemetry research (Chapter 2). From September 12 
to October 13, when only spawning sites were targeted, 1,472 Lake Trout were caught with a 
mean catch rate of 2.9 Lake Trout per net (2.5–3.4, 95% CI). Beginning October 17, netting 
targeted small Lake Trout in the nursery areas, and 1,452 Lake Trout were caught with a mean 
catch rate of 3.8 Lake Trout per net (2.2–6.4, 95% CI). Captured Lake Trout ranged in size from 
148 to 1010 mm. In addition to fall gill netting, four trap nets captured and removed 424 Lake 
Trout and 112 Bull Trout. Twenty-three of the 112 Bull Trout (21%) were direct mortalities. Lake 
Trout captured in trap nets ranged in size from 368 to 925 mm.  

 
During 2016, anglers turned in 2,871 Lake Trout heads to the AIP program (Table 8) 

with 72% of these turned in during May-September. Based on head length to TL (Wahl et al. 
2013) and length-weight (Wahl et al. 2011b) relationships developed for Lake Trout in Lake 
Pend Oreille, anglers removed 3,953 kg of Lake Trout biomass. 

 
The catch rate of the standardized trap nets during the fall was 1.8 Lake Trout per net-

night (1.2–2.6, 95% CI; Figure 11). The catch rate of the standardized small mesh gill nets used 
to target juvenile Lake Trout in the fall was 3.8 Lake Trout per net (1.7–6.0, 95% CI; Figure 12). 
Additionally, the catch rate of Bull Trout in the standardized trap nets was 0.53 per net-night 
(0.31–0.80, 95% CI; Figure 13). 

 
 

DISCUSSION 

Since the predator removal program began in 2006, 199,234 Lake Trout have been 
removed from Lake Pend Oreille (Table 8) for a total of 189 metric tonnes of biomass (5.79 
kg/ha). Total angler catch and trap net catch rate have declined as larger Lake Trout have been 
removed from the population. In 2006, 72% of the total annual removed Lake Trout were 
removed by angling, which is selective for primarily age-5 to age-9 Lake Trout (Hansen et al. 
2010). By 2009, the proportion removed by angling decreased to 30% of the annual total, and 
the proportion declined even lower in 2014 to 22%. The standardized trap nets, which are more 
effective in removing Lake Trout ≥age-8, have showed an 80% drop in catch rate since 2006. 
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Gill net total catch and catch rate have declined over the years as well. Focusing efforts in areas 
of highest catch rate and decreasing mesh sizes to best catch smaller fish have yielded lower 
catch than in previous years. The decreasing catch rates indicate that the removal efforts have 
been effective, and the shift in contribution of each capture method demonstrates the 
importance of using multiple methods to exploit all sizes of Lake Trout (Hansen et al. 2010).  

 
The catch rate of the standardized trap nets decreased 82% from 2006 to 2009 and 

other than a slight increase in 2016, has remained consistent since then. Although the catch 
rate has been consistent over the past five years, this does not indicate the abundance of adult 
Lake Trout has remained stable. Lake Trout telemetry research has found high use of habitats 
between Sheepherder Point and Pearl Island where trap nets are located. Trap net catch rates 
may be artificially high compared to Lake Trout abundance if this portion of the lake is a 
preferred habitat. Regardless, the standardized trap nets have shown the adult segment of the 
Lake Trout population has been reduced since 2006 and is, at least, being held at this lower 
abundance. 

 
High densities of juvenile Lake Trout (≤450 mm) were discovered in the relatively 

shallow (45-90 m) northern basin of the lake during 2008, and that area is now the focal point of 
juvenile netting efforts in the lake. In 2008, the catch rate of juvenile Lake Trout in the northern 
basin was 15.0 Lake Trout per net (10.4-21.8 95% CI), and the catch rate has since declined by 
77%. By focusing gill netting effort on juveniles, we have decreased the abundance of Lake 
Trout potentially recruiting to spawning size. Reducing the number of Lake Trout reaching 
maturity, along with reducing the abundance of mature Lake Trout through trap netting and gill 
netting at spawning sites, produces a feedback loop which in turn reduces recruitment and 
keeps the population at a low level. In the coming years, we expect the combined netting of 
adults and juveniles to result in further decreases in the numbers of Lake Trout reaching 
maturity (~650 mm, Wahl et al. 2015a) and juvenile Lake Trout recruiting to the gear (~200 
mm). 

 
The Lake Trout AIP catch has declined 86% since the first full year of the program in 

2007. We do not know how much of the decline in recent years is related to changes in effort 
targeting Lake Trout, especially as Rainbow Trout and Kokanee fishing improve. However, 
many of the dedicated Lake Trout anglers that have participated in the program for many years 
turned in fewer heads and expressed more difficulty finding Lake Trout than in the past. Overall, 
the decreased AIP catch paired with decreased catch rates from standardized trap and gill nets 
indicate the Lake Trout population has been overfished and is at a lower level than when the 
removal program began. 

 
Over the course of the Lake Trout netting program, 15,063 Bull Trout were also captured 

as incidental bycatch with 4,050 direct mortalities. The number of Bull Trout caught and the 
number of mortalities has varied by year, but has increased proportional to total gill net effort. 
Bull Trout direct mortalities have ranged from 115 in 2006 to 542 in 2016. When the number of 
mortalities is compared to population estimates (5,721 ≥450 mm, McCubbins 2013), annual 
exploitation rates have been low, ranging from 2% to 5% of the population. Standardized trap 
net catch rates and annual redd counts (Watkins et al. 2015) suggest that this population has 
remained stable or has increased over the past several years. Based on these data, the Lake 
Trout netting program has not had a negative effect on the Bull Trout population in Lake Pend 
Oreille, and the netting has more likely benefited Bull Trout by reducing potential competition 
and predation from Lake Trout. 
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RECOMMENDATIONS 

1. Continue the use of gill nets to remove mature Lake Trout from spawning sites in the fall 
and immature Lake Trout during other times of year.  

 
2. Continue use of the AIP to reduce Lake Trout abundance in Lake Pend Oreille. 

 
3. Continue to set trap nets at standardized locations and use trap net catch rates as an 

index for adult Lake Trout abundance. 
 

4. Continue the use of standardized small mesh gill nets on the north end of Lake Pend 
Oreille during the first four weeks following the netting of spawning sites in order to index 
for juvenile Lake Trout abundance. 
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Table 7.  Effort, catch, and catch rates (number per 274 m gill net) of gill nets set during 
winter/spring and fall netting seasons in 2016. 

 

Netting 
season 

Effort 
(number of 
gill nets) 

Lake 
Trout 

caught 

Bull 
Trout 

caught 
Bull Trout 
mortalities 

Lake Trout 
catch rate 
(95% CI) 

Bull Trout 
catch rate 
(95% CI) 

Winter/spring 1,254 2,978 469 126 2.2 (1.9–2.5) 0.4 (0.3–0.5) 
Fall 948 4,222 1,190 393 3.2 (2.8–3.7) 1.0 (0.9–1.1) 
 
 
 
Table 8.  Number of Lake Trout removed from Lake Pend Oreille, Idaho by different gear 

types each year. 
  

Year Angling Gill nets Trap nets Total 
2006 11,041 2,774 1,500 15,315 
2007 17,665 4,169 1,335 23,169 
2008 13,020 10,252 1,509 24,781 
2009 7,366 17,186 410 24,962 
2010 8,740 17,334 400 26,474 
2011 7,324 11,384 150 18,858 
2012 7,813 9,500 322 17,635 
2013 3,537 10,402 359 14,298 
2014 2,511 8,873 259 11,643 
2015 3,194 8,634 215 12,043 
2016 2,871 6,761 424 10,056 
TOTAL 85,082 107,269 6,883 199,234 
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Figure 10. Length-frequency histogram for Lake Trout removed with gill and trap nets during 

the winter/spring and fall 2016 netting seasons in Lake Pend Oreille. 
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Figure 11.  Mean Lake Trout catch rate (CPUE) with 95% confidence intervals for 

standardized trap nets set during fall in Lake Pend Oreille, Idaho. 
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Figure 12.  Mean Lake Trout catch rate (CPUE) with 95% confidence intervals for 

standardized small-mesh gill nets set during the fall in the northern portion of 
Lake Pend Oreille. 
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Figure 13.  Mean Bull Trout catch rate (CPUE) with 95% confidence intervals for 

standardized trap nets set during fall in Lake Pend Oreille, Idaho. 
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CHAPTER 5: KOKANEE SPAWNING HABITAT CONSTRUCTION PROJECT 

ABSTRACT 

In order to mitigate for negative impacts of lake level manipulation on kokanee 
Oncorhynchus nerka shoreline spawning habitat, areas in Idlewilde Bay of Lake Pend Oreille 
where downwelling had been detected were selected for gravel additions. Pretreatment 
substrate was large gravel and cobble, and the study area was not previously used by spawning 
kokanee. During October 2014, 2015, and 2016, a construction company “WestCo” was 
contracted to add 3,000 m3 of gravel along 0.8 km of shoreline near several downwellings to 
create nearly four ha of enhanced kokanee spawning habitat. Accurate placement and 
distribution of the new gravel substrates were ensured in part by utilizing detailed background 
bathymetry maps and innovative gravel placement methods. Soon after completion of each 
annual construction phase (year) in October, kokanee were observed using and spawning on 
the new substrates. Our study suggests that adding substrate to improve several hectares of 
kokanee spawning habitat is a feasible mitigation approach.  
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INTRODUCTION 

During the mid-1960s, Lake Pend Oreille was drawn down annually. This reduced the 
quantity and quality of kokanee (Oncorhynchus nerka) shoreline spawning habitat and may 
have reduced kokanee recruitment. Since 1996, changes in winter lake level management 
intended to improve kokanee spawning success and recruitment have been implemented and 
evaluated. Initial results suggested that these changes were improving recruitment rates, but 
research by Whitlock (2013) has shown that they have provided little measurable improvement 
in kokanee recruitment over time. Whitlock’s (2013) research also demonstrated that areas of 
downwelling currents through the substrate provide a survival advantage to incubating kokanee 
eggs and sac fry. Areas of downwelling were identified on the south end of Lake Pend Oreille in 
Idlewilde Bay, but the substrates were unsuitably large for successful kokanee spawning.  

 
This chapter describes results from a three-year project intended to improve kokanee 

spawning habitat by placing smaller sized gravel over approximately four ha of larger sized 
gravel and cobble near downwelling areas to create new, high quality spawning areas in Lake 
Pend Oreille.  

 
 

METHODS 

Permitting and environmental compliance were completed through the U.S. Army Corps 
of Engineers, Idaho Department of Environmental Quality, and Idaho Department of Lands prior 
to construction. Permits were approved in August 2014 and construction began in October 
2014. West Company, Inc. (WestCo), of Spokane, WA, was selected as the project contractor. 

 
During July and August of 2013, U.S. Geological Survey (USGS) completed bathymetric 

and substrate mapping of the study area to clearly delineate depth contours and substrate types 
present in the work area (Figure 14). The depth of the selected area (after winter drawdown was 
complete) ranged from 3.0 m along the shallow side to 15.3 m along the deep edge. Although 
kokanee have regularly been observed spawning deeper than 50 m, the 15.3 m maximum depth 
was dictated by slope and contour of the bottom, combined with the desired size of the 
spawning area (about 3 ha). Previous research had demonstrated that wave activity could 
displace gravel substrates up to 1.5 m below the surface in Lake Pend Oreille (Maiolie et al. 
2002). To maintain an adequate working depth, and to avoid gravel redistribution by wave 
action, 3.0 m below minimum lake level was selected for the minimum depth.  

 
Gravel in the 12 to 18 mm range was desired because observations (Nick Wahl, 

personal communication) indicated a clear preference by spawning kokanee for natural gravels 
in that range. Round rock was selected over crushed rock to facilitate ease of gravel movement 
by spawning fish, to reduce abrasion from sharp edges on adult fish and incubating eggs and 
sack fry, and to reduce gravel compaction and maintain larger interstitial spaces over time. All 
gravel was washed prior to delivery to reduce the addition of fine sediments to the lake.  

 
To accommodate load limits on roads leading to the boat launch, an off-site staging area 

was located 2 km from the Farragut boat ramp, where a small dump truck was used to deliver 
approximately 12 tons per load to the loading area at the Farragut boat ramp (Figure 15). Gravel 
was loaded onto a double “belly dump” trailer using a loader and conveyor system (Figure 15). 
The belly dump trailer was placed on top of two sections of modular barge platform (Figure 16). 
A 30 cm gap between the barge platforms provided clearance for material released from the 
belly of the trailer. A tugboat secured to the rear of the barge provided propulsion. The belly 
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dump trailer was fully loaded with 18 to 23 m3 of gravel. The tug operator followed a string of 
marker buoys in 3 m bands following the bottom contour and parallel to shore, delineated the 
desired dump locations (Figure 17). The goal was to evenly distribute 10 to 15 cm of gravel over 
the existing substrate (Figure 18). Divers periodically inspected the gravel spatial and depth 
distribution (Figure 19).  
 

To ensure compliance with water quality standards defined in our permits, we monitored 
turbidity levels at eight sites in the study area twice per day using a LaMotte 2020 WE turbidity 
meter (Table 9). Our permits specified that turbidity in the work site not exceed 50 NTU’s 
instantaneous above background levels or exceed 25 NTU’s above background for ten 
consecutive days. 

 
 

RESULTS 

The project began in October 2014 and was completed by October 2016. Each year 
defined a study phase. Nearly 3,000 m3 of gravel was dispersed along 0.8 km of shoreline to 
create nearly four ha of enhanced kokanee spawning habitat. Distribution of gravel on the 
substrate throughout the project area was within the project goal of 10 to 15 cm thickness 
(Figures 18 and 19). 

 
The door gap between the barges was adjusted to allow each bin to completely empty 

over a distance of 25 m, at the pre-set rate. Two bins covered 50 m, and the gravel dispersed in 
a band approximately 3 m wide on the substrate. This band became progressively wider as lake 
depth increased, but also became shallower. Nonetheless, gravel was evenly distributed and 
required no further mechanical manipulation to meet our goal of 10 to 15 cm depth distribution.  

 
As work was nearing completion during the first year (2014), adult kokanee in prespawn 

condition were noted staging just offshore of the newly constructed gravel beds. These fish 
began spawning on the newly placed gravel by mid-November, just 20 days after construction 
was completed. By December 1, 2014, video camera and SCUBA inspections revealed that 
virtually the entire area of newly placed gravel was currently being used by spawning kokanee 
(Figures 20 and 21). A similar pattern of use was observed after construction in 2015 and in 
2016. 

 
Turbidity measurements taken throughout the study were never above permit limits at 

any time during the project (Table 9).  
 
 

DISCUSSION 

One of the overall goals of this project was to evaluate the feasibility of performing 
similar projects on Lake Pend Oreille or other waterbodies in Idaho in the future. The innovative 
distribution system showed great promise for future use and benefitted from the close proximity 
to infrastructure at the Eagle Marina boat ramp. Sturdy docks and pilings were in place on two 
sides of the loading area, which allowed the barge to be safely secured beneath the conveyor 
for loading. The barge was also able to move in and out of the loading area in a “one way” 
direction, with no backing required. Future operations at other locations would need to consider 
efficient barge movement and loading. 
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The ease with which this particular barge and trailer combination design was able to 
distribute large quantities of gravel evenly over the lakebed was remarkable. The barge speed 
and trailer discharge rates were easily adjustable to achieve the desired coverage. The key 
feature of the barge was the 30 cm gap between the barge platforms, which proved ideal for 
distribution. This also allowed the trailer to be easily centered on the barge and for even weight 
distribution during loading and emptying.  

 
We were encouraged to see how quickly the kokanee utilized the new habitat. The work 

zone was close to natural kokanee spawning areas, and some of those kokanee likely relocated 
to the new spawning gravel. One unexpected benefit of the project was the new concentration 
of Bald Eagles (Haliaeetus leucocephalus) feeding on the spent kokanee carcasses near the 
study area. This provided excellent public viewing from the boat ramp and adjacent shoreline.  

 
One of the goals of this project was to test the feasibility of adding substrates to improve 

old or create new spawning habitats. Our results suggest that this is not only feasible, but 
something that should be considered in other waterbodies. The detailed background bathymetry 
mapping that USGS provided, and the infrastructure near the loading sites made heavy 
equipment operation safe, efficient, and effective. The ultimate measure of success would be a 
quantifiable increase in lakewide kokanee production derived from added habitat, which is quite 
difficult to measure. Nonetheless, adding gravel in key areas to attract kokanee and provide 
them with ideal spawning habitat is a feasible mitigation approach.  
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Table 9. Mean background turbidities, mean daily turbidities, and maximum instantaneous 
turbidities measured at eight sites from the work zone of a lakeshore spawning 
habitat improvement project on Lake Pend Oreille, Idaho during October of 2014, 
2015, and 2016. 

 
Year Mean Background Turbidity 

(NTU) 
Mean Daily turbidity 

(NTU) 
Max Inst. Turbidity 

(NTU) 
2014 0.42 0.44 13.3 
2015 0.84 0.46 4.73 
2016 0.64 0.40 3.15 
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Figure 14. Bathymetric map of construction area, showing 3 m depth contours and substrate 

mapping transects in Lake Pend Oreille, ID.  
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Figure 15. Loading gravel into the belly dump trailer using a loader and conveyor mounted 

on temporary loading dock. 
 
 
 

 
 
Figure 16. Gravel distribution barge and tug used to spread gravel in Lake Pend Oreille, ID, 

Oct. 2014. 
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Figure 17. Barge assembly laying gravel along marker buoys in Lake Pend Oreille, ID. Oct. 

2015. 
 
 
 

 
 

Figure 18. Cobble substrate in work area of Lake Pend Oreille, ID, before gravel overlay. 
Oct. 2014. 
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Figure 19. Lakebed of Lake Pend Oreille, ID following overlay of 10 to 15 cm of spawning 

gravel, Oct. 2014. 
 
 
 

 
 
Figure 20. SCUBA diver evaluating newly placed gravel in Lake Pend Oreille, ID. Oct. 2014. 
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Figure 21. Kokanee spawning at 15 m depth on newly constructed spawning area In Lake 
Pend Oreille, ID. Dec. 2014.  
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Appendix A.  Detailed maps of tributaries and shoreline areas around Lake Pend Oreille. 
 

 
 
Figure A1.  Map of Lake Pend Oreille showing tributaries. 
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Figure A2.  Map of the north half of Lake Pend Oreille showing major landmarks on the lake. 
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Figure A3.  Map of the south half of Lake Pend Oreille showing major landmarks on the lake. 
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Appendix B. Tag ID, tag date, capture location, size, and sex of Lake Trout with acoustic transmitters in Lake Pend Oreille, Idaho 
at-large through the 2016 contract period. Fate of fish was as of the end of December 2016; harvested fish were 
removed by either anglers (A) or the netters (N). 

 

Tag ID 
Date 

Tagged 
Capture 
Method Capture Location 

Total 
Length 
(mm) Sex 

Number of 
Locations 
via Mobile 
Tracking Fate of Fish 

Date of Last 
Record 

(Tracked, 
Detected, or 
Harvested) 

60400 10/13/2015 Gill Net Bernard Beach 882 M 0 Dead N/A 
60700 10/16/2015 Gill Net Indian Point to Windy Point 796 M 5 At-Large 10/03/2016 
60800 10/16/2015 Gill Net Indian Point to Windy Point 935 M 0 No Records N/A 
60900 10/16/2015 Gill Net Indian Point to Windy Point 908 M 5 At-Large 10/03/2016 
61000 10/16/2015 Gill Net Indian Point to Windy Point 890 F 2 At-Large 9/28/2016 
62300 10/13/2015 Gill Net Bernard Beach 676 M 0 Harvested (A) 08/25/2016 
62500 10/13/2015 Gill Net Bernard Beach 711 M 5 At-Large 10/03/2016 
62800 10/14/2015 Gill Net Evans Landing 721 M 1 Dead 09/14/2016 
62900 10/14/2015 Gill Net Evans Landing 730 M 3 At-Large 10/03/2016 
63000 10/14/2015 Gill Net Evans Landing 728 M 4 At-Large 10/03/2016 
63100 10/13/2015 Gill Net Bernard Beach 927 M 4 Harvested (N) 09/19/2016 
63200 10/16/2015 Gill Net Indian Point to Windy Point 767 F 0 No Records N/A 
63300 10/16/2015 Gill Net Indian Point to Windy Point 866 F 6 At-Large 10/03/2016 
63400 10/14/2015 Gill Net Evans Landing 683 M 5 Harvested (N) 10/10/2016 
63500 10/14/2015 Gill Net Evans Landing 848 M 4 Harvested (N) 9/28/2016 
63600 10/16/2015 Gill Net Indian Point to Windy Point 958 F 1 Dead 9/14/2016 
63700 10/14/2015 Gill Net Evans Landing 734 M 1 At-Large 9/22/2016 
63800 10/14/2015 Gill Net Evans Landing 682 M 4 At-Large 10/03/2016 
63900 10/14/2015 Gill Net Evans Landing 659 M 5 At-Large 10/03/2016 
64000 10/13/2015 Gill Net Bernard Beach 760 M 1 At-Large 9/14/2016 
64100 10/13/2015 Gill Net Bernard Beach 690 M 3 At-Large 10/03/2016 
64200 10/16/2015 Gill Net Indian Point to Windy Point 624 M 2 At-Large 9/28/2016 
64300 10/13/2015 Gill Net Bernard Beach 890 F 3 Dead 9/19/2016 
64400 10/13/2015 Gill Net Bernard Beach 829 M 3 At-Large 9/28/2016 
63100 10/11/2016 Gill Net Bernard Beach 656 M 0 At-Large N/A 
63500 10/12/2016 Gill Net Evans Landing 622 M 0 At-Large N/A 
64500 10/11/2016 Gill Net Bernard Beach 743 F 0 At-Large N/A 
64600 10/11/2016 Gill Net Bernard Beach 688 M 0 At-Large N/A 
64700 10/11/2016 Gill Net Bernard Beach 652 M 0 At-Large N/A 
64800 10/12/2016 Gill Net Evans Landing 966 M 0 At-Large N/A 
64900 10/12/2016 Gill Net Evans Landing 683 M 0 At-Large N/A 
65000 10/11/2016 Gill Net Bernard Beach 635 F 0 At-Large N/A 
65100 10/12/2016 Gill Net Evans Landing 618 M 0 At-Large N/A 
65200 10/12/2016 Gill Net Evans Landing 695 M 0 At-Large N/A 
65300 10/13/2016 Gill Net Indian to Deadman 855 F 0 At-Large N/A 
65400 10/13/2016 Gill Net Indian to Deadman 574 M 0 At-Large N/A 
65500 10/13/2016 Gill Net Indian to Deadman 570 U 0 At-Large N/A 
65600 10/13/2016 Gill Net Indian to Deadman 950 F 0 At-Large N/A 
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