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Does Moon Phase Affect Indices of Kokanee Size and Abundance as
Characterized by Gill-Net Catch?
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Abstract
Many pelagic fish species such as kokanee Oncorhynchus nerka

undertake diel vertical migration in response to dynamic interac-
tions between ambient light, foraging opportunity, and predation
risk. Consequently, kokanee populations are almost universally
sampled during the dark phase of the moon (i.e., the new moon),
presumably to optimize capture efficiency. However, it is unclear if
this sampling precaution is necessary to avoid bias in kokanee
catch data related to the moon phase. We used experimental gill
nets to sample kokanee populations in two thermally stratified
reservoirs during three distinct moon phases (i.e., new, first quar-
ter, and full) to understand the relative effects of moon phase and
other ambient light variables on total catch and average size of
captured kokanee. The total catch of kokanee differed significantly
between populations but was not significantly affected by moon
phase, secchi depth, or net depth. The average size of kokanee
sampled from both populations increased significantly with moon
illuminance and likely reflects behavior associated with predator–
prey dynamics. Results from this case study suggest that the effect
of moon phase and other ambient light variables on gill-net catch
composition of kokanee is likely population-specific and is gov-
erned in part by population parameters such as abundance, growth
rate, and size-structure. As such, investigators should be cognizant
of—or perhaps standardize gill-net samples to—ambient light vari-
ables when indexing populations of kokanee and other pelagic
fishes that undertake diel vertical migrations, especially when size
indices are examined.

Kokanee Oncorhynchus nerka are the nonanadromous
form of Sockeye Salmon that serve as an important fishery
resource throughout many oligotrophic freshwater systems
in western North America. Like other species of Pacific
salmon, kokanee achieve maximum ages of 3-4 years in

most populations and are capable of providing robust,
harvest-oriented sport fisheries that generate high levels of
angling effort. In addition, kokanee may also serve as an
important forage base for other popular sport fishes that
can achieve trophy size, such as Lake Trout Salvelinus
namaycush, Bull Trout S. confluentus, and Rainbow Trout
O. mykiss (Wydoski and Bennett 1981; Pate et al. 2014).

Due to their ecological and recreational value, many
kokanee populations are actively managed to monitor and
forecast recreational fisheries. For example, hatchery sup-
plementation is often used to benefit trophy fisheries and
(or) enhance fishing and harvest opportunities for kokanee
angling. Most stocking programs follow a put-grow-take
model, where age-0 fish are stocked as fry or fingerlings
that are expected to achieve sizes exploitable by recre-
ational anglers 1-4 years later. However, kokanee growth
can be influenced by population density (Rieman and
Myers 1992; Luecke et al. 1996), which may affect the size
of exploited age-classes (Rieman and Maiolie 1995; Gro-
ver 2005). Many fisheries management agencies index
kokanee populations to evaluate responses to environmen-
tal or management perturbations such as changes in reser-
voir operations, angling regulations, or stocking densities.

Kokanee typically congregate in the pelagic zone of
lakes and reservoirs and are susceptible to capture with a
variety of sampling gears. Active capture techniques such
as hydroacoustic methods (e.g., Hardiman et al. 2004) and
midwater trawling techniques (e.g., Rieman and Myers
1992; Paragamian and Bowles 1995) are often used to sur-
vey kokanee populations. Hydroacoustic surveys can
effectively sample the entire pelagic zone and provide data
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to estimate absolute population abundance, but acoustics
data do not provide direct information on species compo-
sition or fish size. Midwater trawls are commonly used in
conjunction with hydroacoustic surveys to determine spe-
cies composition of acoustic targets and to obtain length
data. Trawl data itself can also be used to calculate
indices of population abundance or characterize size struc-
ture. However, midwater trawls tend to select the smallest
kokanee that likely have not fully recruited to the recre-
ational fishery (Klein et al. 2019), so size-structure metrics
obtained through trawling may be biased low. Alterna-
tively, gill-net surveys are a relatively inexpensive sam-
pling method that can effectively index population
abundance and characterize age and size structure of
exploitable size-classes of kokanee (Klein et al. 2019). As
a passive sampling gear, gill nets rely on movement of
fishes to encounter the net and become entangled. There-
fore, investigators must be cognizant of the ecology and
behavior (e.g., migration patterns) of pelagic fish when
conducting population surveys and drawing inferences
used to manage and forecast recreational fisheries.

Diel vertical migration (DVM) is a well-documented
phenomenon observed across species and trophic levels in
both freshwater and marine environments (Narver 1970;
Hays 2003; Hansen and Beauchamp 2015). In general,
kokanee and other pelagic species will ascend the water
column at dusk and remain close to the surface until they
descend to deeper water at dawn (Narver 1970; Clark and
Levy 1988; Beauchamp et al. 1997). There are two major
hypotheses associated with DVM: one suggests that DVM
is driven primarily by foraging opportunity (e.g., Janssen
and Brandt 1980), and the other is centered on predator
avoidance (e.g., Eggers 1978; Clark and Levy 1988; Hra-
bik et al. 2005). As a model subject representing the low-
est trophic level, zooplankton DVM patterns have been
well described in freshwater and saltwater systems, and
the magnitude (i.e., distance migrated) of the migrations
are stronger when predators (e.g., kokanee) are present
(e.g., Dodson 1990; Dawidowicz and Loose 1994; Dodson
et al. 1997). In addition, the effect and overall magnitude
of DVM in freshwater systems is seasonal and may be
influenced by a variety of environmental conditions such
as water temperature, latitude, photoperiod, and water
clarity (Dodson 1990; Dawidowicz and Loose 1994;
Stockwell and Johnson 1999; Hardiman et al. 2004; Han-
sen and Beauchamp 2015). Light intensity is another
important driver of DVM and must fluctuate daily to
induce migration, as DVM ceases for fish populations in
arctic waters under the midnight sun (Bogorov 1946;
Blachowiak-Samolyk et al. 2006). There are a number of
potential reasons why a species may undertake DVM, but
predator avoidance is thought to serve as a primary driver
(Hays 2003). Just as kokanee exploit the DVM patterns of
their prey, other piscivorous fishes in freshwater systems

may similarly exploit the DVM behavior of kokanee
(Hardiman et al. 2004; Pate et al. 2014).

Kokanee populations are usually sampled overnight
during the dark phase of the moon (i.e., the new moon),
presumably to optimize capture efficiency (e.g., Rieman
and Myers 1992; Paragamian and Bowles 1995; Stockwell
and Johnson 1999; Hardiman et al. 2004; Klein et al.
2019). Despite the number of published studies docu-
menting the causes and effects of DVM, it is unclear if
moon phase and other ambient light variables (e.g., tur-
bidity) significantly affect catch of kokanee sampled dur-
ing gill-net surveys. Our objective was to sample kokanee
populations with gill nets during three distinct moon
phases (i.e., new, first quarter, and full) to understand the
relative effects of ambient light variables on total catch
and size structure.

METHODS

Study Sites
Kokanee were captured with monofilament, multi-panel

gill nets at two reservoirs located in southern Idaho. Ander-
son Ranch Reservoir has a storage capacity of 5.86 × 108m3

and surface area of 1,918 ha. It typically supports a harvest-
oriented recreational kokanee fishery, self-sustaining popu-
lations of piscivores like Smallmouth Bass Micropterus
dolomieu and Northern Pikeminnow Ptychocheilus orego-
nensis, and a hatchery-supported population of landlocked
Chinook Salmon Oncorhynchus tshawytscha that may also
exert predatory pressure on kokanee behavior. Kokanee
have been stocked into Anderson Ranch Reservoir during
the spring for decades, with releases varying from 50,000 to
200,000 individuals, but no kokanee were stocked in 2019.
An unknown portion of the kokanee population stems from
wild production.

Mackay Reservoir has a storage capacity of 5.55× 107m3

and surface area of 461 ha. Kokanee and Rainbow
Trout comprise the sport fishery, and there are no notable
predator populations. Some Rainbow Trout may grow
large enough to exhibit piscivory, but their effect on the
overall composition of the kokanee population is pre-
sumed to be negligible. The kokanee population is largely
self-sustaining, but in 2019, 95,000 age-0 kokanee were
stocked due to production surplus at a nearby hatchery,
marking the first stocking event in 10 years.

Field Sampling
Surveys occurred in June and July of 2019, when both

reservoirs were thermally stratified and before mature
kokanee began spawning emigrations. The vertical distri-
bution of kokanee and other pelagic fish in lentic systems
is thought to be governed by complex interactions between
fish size, thermal stratification, and predator–prey dynamics
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(Luecke and Wurtsbaugh 1993; Stockwell and Johnson
1997, 1999; Hardiman et al. 2004). As such, we limited
this evaluation to periods when both reservoirs were ther-
mally stratified. Secchi depth (m) was measured at the
beginning of each sampling event to quantify turbidity,
which affects light attenuation (Kirk 1985). Both popula-
tions were sampled three times each month during each
occurrence of the new, first quarter, and full moon phases
(±2 d).

Pairs of gill nets were positioned at unique depths and
oriented in parallel (within 50 m) to sample a localized
two-dimensional area. This approach afforded the oppor-
tunity to account for the progressive absorption of light
through the water column while minimizing any differ-
ences in ambient light conditions experienced in other
relative space. One net in each pair was positioned imme-
diately beneath the water surface (hereafter, “surface net”)
and the other was suspended at a depth that intersected
the thermocline (hereafter, “thermocline net”). Both reser-
voirs experience high levels of angling and boating traffic,
so the float line of all surface nets was positioned 1.5 m
below the surface of the water. We identified the depth of
the thermocline by slowly lowering a thermometer (Ver-
nier Software & Technology; Beaverton, Oregon, USA) in
0.5-m increments and observing changes in the tempera-
ture profile. Thermocline depth varied throughout the
sampling period, and thermocline nets were positioned
such that the horizontal center line of the net aligned with
the depth of the thermocline.

Each net measured 54m wide and 6m deep and was
constructed with 4.5-m-wide sections of monofilament
mesh panels consisting of 20-, 25-, 32-, 38-, 51-, and 64-
mm bar measure mesh (two panels per net). Monofilament
diameter size was 0.15 mm for 20-, 25-, and 32-mm mesh
and 0.28 mm for 38-, 51-, and 64-mm mesh. Sampling
locations were randomly selected for each water body ini-
tially, and those same locations were repeated during each
sampling event (i.e., moon phase). Two sets of net pairs
(i.e., four total nets) were deployed at Anderson Ranch
Reservoir, whereas one pair (two nets) was deployed at
Mackay Reservoir due to elevated catch. Accordingly, 24
gill-net samples were collected at Anderson Ranch Reser-
voir and 12 samples were collected from Mackay Reser-
voir. All gill nets were positioned at respective depths in
the evening and retrieved the following morning in the
order that they were deployed. Fish captured from each
net were identified and measured for total length to the
nearest millimeter. Kokanee comprised the vast majority
(~85%) of the catch, and all other species were removed
from further analysis for this study.

Data Analysis
Catch and environmental data were summarized by

moon phase, net depth, and fishery to describe patterns in

catch and evaluate differences among samples. Means
were calculated to describe patterns in catch and inform
regression models. Relative abundance (catch per unit
effort [CPUE]) was estimated as the total number of fish
caught in surface and thermocline nets divided by the
total number of nets fished at each depth (i.e., fish-net
night) during each lunar phase.

Negative binomial regression models were fit to evalu-
ate the relative effects of ambient light variables on total
catch of kokanee. A suite of candidate models was devel-
oped a priori using moon phase (i.e., light intensity), sec-
chi depth (i.e., light penetration), and net depth (surface
or thermocline) as predictor variables, whereby each gill
net served as the sampling unit. Each candidate model
included an offset term for gill-net fishing effort (measured
to the nearest minute), as well as a fixed term for fishery
to account for inherent differences between the popula-
tions (e.g., stocking regimes, angler harvest, reservoir
operation). Although a mixed-effect modeling approach is
typically applied to repeated measures data, our data set
lacked the replication needed to incorporate a random
effect structure. As such, inferences drawn from all models
presented herein are specific to the time period (i.e., sum-
mer thermal stratification) and to the populations sampled
and may not represent the patterns observed at all times
across all kokanee populations. In addition, a null model
that contained only an offset term for fishing effort was
included in the candidate set to evaluate the relative
effects of ambient light variables versus random chance.
Moon phase and secchi depth could not be included as
additive or interactive terms in any single model due to
lack of replication between the range of secchi depths
measured and lunar phases sampled. Instead, moon phase
and secchi depth were isolated among models to determine
the relative importance of light intensity versus light
penetration on gill-net catch. Interactions between moon
phase × net depth and secchi depth × net depth were
included in the candidate suite to account for variation
associated with the progressive attenuation of light that
occurs through the water column.

Another suite of linear regression models was fit to
evaluate the relative effects of ambient light variables on
the average size of kokanee captured. Total length (mm)
of each captured kokanee was used as the unit of observa-
tion, and candidate models were developed using the same
a priori combinations of predictor terms that were
included in the negative binomial suite, including a null
model (described above). Moon phase and secchi depth
remained segregated among candidate models, and each
model in the candidate set included a fixed term for fish-
ery (except the null).

Akaike’s information criterion (AIC) was used to deter-
mine the relative likelihood of each model in the negative
binomial and linear regression model suites. Any models
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within 2.0 AIC units of that with the lowest AIC value
(i.e., the top model) were selected as plausible alternates
to explain patterns in gill-net catch (Burnham and Ander-
son 2002). Regression coefficients for the top negative
binomial models were exponentiated to interpret the effect
of each parameter on the odds scale. All regression coeffi-
cients were deemed statistically significant if their 95%
confidence interval (CI) excluded one.

RESULTS
In total, 36 nets were fished overnight during the course

of two lunar cycles (Table 1). Secchi depth differed
between reservoirs throughout the sampling period, vary-
ing from 2.5 to 5.2 m (mean = 3.5 m; SD = 1.0) at Ander-
son Ranch Reservoir and from 1.5 to 2.7 m (mean = 2.2 m;
SD = 0.4) at Mackay Reservoir. Thermocline depths ran-
ged from 3.7 to 9.1 m (mean = 6.0; SD = 1.7) at Anderson
Ranch Reservoir and from 3.7 to 7.9 m (mean = 5.6 m;
SD = 1.6) at Mackay Reservoir. Net soak times varied
from 11 h and 50 min to 15 h and 31 min.

A total of 3,242 fish was captured during the study per-
iod, with kokanee comprising the vast majority of the
catch at both reservoirs (n = 2,729). In general, kokanee
CPUE varied between nets (i.e., surface or thermocline
nets) and fishery (Figure 1). Mean length (±SD) of koka-
nee sampled from Anderson Ranch Reservoir was 367 mm
(±111), whereas the mean length in Mackay Reservoir
was 233 mm (±51).

The most plausible negative binomial regression models
explaining variation in kokanee gill-net catch contained
factors associated with ambient light variables. The top
negative binomial model associated with kokanee CPUE
included secchi depth and net depth, which represented
49% of the AIC weight (i.e., relative likelihood) of all
models in the candidate suite (Table 2). An alternate
model included moon phase and net depth, and accounted
for 36% of the relative AIC weight in the negative bino-
mial suite. However, the 95% CIs associated with parame-
ters in both models indicated that fishery was the only

significant variable associated with total catch of kokanee
during this study (Table 3).

Length-frequency distributions were similar among
moon phases in both populations, but an appreciable
decline in catch was observed for the largest mode during
the full moon at Mackay Reservoir (Figure 2). The top
linear regression model explaining variation in mean size
of kokanee in the gill-net catch accounted for 80% of AIC
weight and included moon phase, net depth, and fishery

TABLE 1. Data type and means (±SD) for variables measured during three distinct moon phases in June and July 2019 at Anderson Ranch and
Mackay reservoirs. Data informed negative binomial and linear models developed to describe patterns in total catch and average size of kokanee
sampled during gill-net surveys.

Variable Data type

Anderson Ranch Reservoir Mackay Reservoir

New
First

quarter Full New
First

quarter Full

Surface net depth (m) Categorical 1.5 (±0.0) 1.5 (±0.0) 1.5 (±0.0) 1.5 (±0.0) 1.5 (±0.0) 1.5 (±0.0)
Thermocline net depth (m) Categorical 6.4 (±2.9) 5.6 (±0.5) 6.1 (±0.0) 5.8 (±0.4) 5.8 (±2.5) 5.2 (±1.8)
Secchi depth (m) Continuous 3.3 (±0.8) 3.9 (±1.4) 3.3 (±0.7) 2.6 (±0.1) 1.8 (±0.4) 2.3 (±0.3)
Effort (h) Continuous 13.4 (±1.1) 14.5 (±0.5) 14.7 (±0.5) 12.9 (±0.6) 14.3 (±1.4) 13.2 (±0.8)

FIGURE 1. Mean catch per unit effort (±SE) of kokanee and mean
Secchi depth sampled from Anderson Ranch and Mackay reservoirs in
June and July 2019 during the new, first quarter, and full moon phases.
Nets were positioned at 1.5 m below the water’s surface (i.e., white bars)
or at the depth of the thermocline (i.e., gray bars) and fished overnight.
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for predictive factors (Table 4). The 95% CIs associated
with the parameter estimates indicated that average length
of kokanee was significantly greater in nets set during the
first quarter and full moon than during the new moon but
did not differ significantly between the surface and ther-
mocline nets (Table 5). In addition, the average length of
kokanee sampled from Mackay Reservoir was signifi-
cantly smaller than those sampled from Anderson Ranch
Reservoir. There was virtually no support for any other
model in the candidate suite.

DISCUSSION
Anderson Ranch and Mackay reservoirs support koka-

nee populations that differ in relative abundance, but

overnight gill-net catch used to characterize abundance at
these waters was apparently unaffected by nighttime ambi-
ent light. Although the results of the negative binomial
model selection process suggest that secchi depth, net
depth, and moon phase served as better predictors of total
catch than random chance, the only parameter that was
considered significant in any of the most plausible models
was the fishery being sampled. The lack of evidence that
moon phase affected kokanee gill-net catch contrasts
results from the commercial gill-net fishery of Lake
Huron, where average CPUE of Lake Whitefish Core-
gonus clupeaformis declined appreciably during the full
moon (Collins 1979). As noted earlier, kokanee fisheries
are generally monitored overnight during the new moon
due to a perceived moon phase influence on catch (e.g.,
Rieman and Myers 1992; Paragamian and Bowles 1995;
Stockwell and Johnson 1999; Hardiman et al. 2004; Klein
et al. 2019). Such a sampling scheme greatly restricts when
kokanee population monitoring can be conducted on a
monthly basis, and our results suggest that perhaps the
practice of restricting kokanee gill-net sampling to the
new moon phase can be relaxed with respect to indices of
abundance. However, our inference related to kokanee
CPUE is admittedly not robust with respect to sample size
(i.e., gill-net sets and populations), and we caution against
such relaxation until future research can be conducted to
qualify the current findings.

In contrast to indices of kokanee abundance, indices of
kokanee size structure were influenced by moon phase,
whereby the average size of kokanee sampled increased
with moon illuminance. This is congruent with DVM the-
ory that (1) smaller kokanee were likely less active at
higher light levels in response to increased predation risk
and (2) larger individuals were more active due to
increased feeding efficiency on zooplankton. Indeed, an
appreciable reduction in 190–220-mm kokanee (presum-
ably age-1 fish) was evident with increased moon illumi-
nance, especially during the full moon phase (see Figure 2).
Oncorhynchus nerka DVM patterns are well linked to the
dynamics between predator–prey interactions and ambient
light conditions (Narver 1970; Levy 1990; Beauchamp
et al. 1995; Scheuerell and Schindler 2003; Hardiman
et al. 2004). As such, indices of size structure in kokanee
populations gleaned through gill-net catch may be dis-
parate if samples are not standardized by moon phase.
Despite this finding, the effect size of Mackay Reservoir
in the top linear regression model was an order of magni-
tude larger than moon phase and net depth, indicating
that moon phase and net depth had a much smaller effect
on fish size than the effect of water body.

Trade-offs between foraging opportunities and preda-
tion risk likely drive a species’ propensity to undertake
DVM, and although the proximate causes and mecha-
nisms of DVM may be unknown, vertical migration

TABLE 2. Comparison of negative binomial models used to assess the
relative effects of ambient light variables on total catch of kokanee sam-
pled with gill nets. Number of parameters (k), Akaike’s information crite-
rion (AIC), change in AIC value (ΔAIC), and relative model weight (wi)
was used to select top models from the candidate set.

Model k AIC ΔAIC wi

Catch ~ Secchi depth + Net
depth + Fishery

3 326.8 0.0 0.49

Catch ~ Moon phase + Net
depth + Fishery

3 327.4 0.6 0.36

Catch ~ Secchi depth × Net
depth + Fishery

4 329.5 2.7 0.13

Catch ~ Moon phase × Net
depth + Fishery

4 332.9 6.1 0.02

Intercept only 0 389.3 62.5 0.00

TABLE 3. Coefficient estimates (i.e., odds) and 95% CIs for the most
highly supported negative binomial regression models used to estimate
total catch of kokanee sampled with experimental gill nets from Ander-
son Ranch and Mackay reservoirs. Nets were positioned 1.5 m below the
surface or at the depth of the thermocline and fished overnight during
three distinct moon phases. Thermocline net, new moon, and Anderson
Ranch Reservoir serve as the reference categories for net depth, moon
phase, and fishery.

Coefficient Estimate 95% CI

Catch ~ Secchi depth + Net depth + Fishery
Intercept 1.35 0.66–2.79
Secchi depth 1.01 0.83–1.22
Surface net 0.95 0.68–1.33
Mackay Reservoir 10.62 6.81–16.59

Catch ~ Moon phase + Net depth + Fishery
Intercept 1.42 1.01–2.03
First quarter moon 1.12 0.76–1.66
Full moon 0.82 0.55–1.22
Surface net 0.97 0.70–1.33
Mackay Reservoir 10.14 7.30–14.22
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FIGURE 2. Length-frequency histograms for kokanee sampled from Anderson Ranch and Mackay reservoirs using experimental gill nets in June and
July 2019 during the new, first quarter, and full moon phases.

TABLE 4. Comparison of linear regression models used to assess the rel-
ative effects of ambient light variables on average length of kokanee sam-
pled with gill nets. Number of parameters (k), Akaike’s information
criterion (AIC), change in AIC value (ΔAIC), and relative model weight
(wi) was used to select top models from the candidate set.

Model k AIC ΔAIC wi

Length ~ Moon phase +
Net depth + Fishery

3 30,466.2 0.0 0.80

Length ~ Moon phase ×
Net depth + Fishery

4 30,469.1 2.8 0.20

Length ~ Secchi depth +
Net depth + Fishery

3 30,532.0 65.76 0.00

Length ~ Secchi depth ×
Net depth + Fishery

4 30,533.8 67.57 0.00

Intercept only 0 31,817.1 1,350.8 0.00

TABLE 5. Coefficient estimates and 95% CIs for a linear model used to
evaluate the effect of moon phase (new, first quarter, and full) and net
depth on average length of kokanee sampled from Anderson Ranch and
Mackay reservoirs, Idaho. Experimental gill nets were positioned 1.5 m
below the surface or at the depth of the thermocline and fished overnight
during three distinct moon phases. New moon, thermocline net, and
Anderson Ranch Reservoir serve as the reference categories for moon
phase, net depth, and fishery.

Coefficient Estimate 95% CI

Total length ~ Moon phase + Net depth + Fishery
Intercept 350.25 342.88–357.61
First quarter moon 17.55 12.04–23.07
Full moon 27.35 20.75–33.94
Surface net 2.14 −2.73–7.01
Mackay Reservoir −131.50 −137.97 to −125.02
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unquestionably influences the visual environment. Feeding
rates of planktivorous fish are substantially higher in well-
lit conditions than in the dark (Ryer and Olla 1999), but
feeding efficiency is reduced in turbid environments (De
Robertis et al. 2003). Turbidity has a light-scattering effect
that impairs visual clarity and is associated with increases
in the magnitude and duration of DVM in freshwater sys-
tems (Hansen and Beauchamp 2015). The lack of replica-
tion among secchi depths measured and moon phases
sampled precluded our ability to include both variables in
the same model and evaluate their interactive effects. For
instance, the interaction between moon light intensity and
secchi depth can account for up to 84% of the variation in
DVM amplitude for zooplankton in freshwater systems
(Dodson 1990). Diel patterns of kokanee and Bonneville
Cisco Prosopium gemmifer populations in Bear Lake,
Utah–Idaho border have demonstrated that DVM and
other foraging movements (e.g., schooling) are minimized
in response to increased moon illuminance (Luecke and
Wurtsbaugh 1993). Interestingly, angler catch of high-
profile piscivores like Northern Pike Esox lucius and
Muskellunge E. masquinongy is maximized during the full
moon as well as the new moon (Kuparinen et al. 2010;
Vinson and Angradi 2014), suggesting that predator popu-
lations will capitalize on the overall effects of the entire
lunar cycle as it relates to foraging opportunity.

As a passive sampling technique, the catchability of
kokanee in gill nets is directly related to their movement
and eventual entanglement. Fisheries managers must be
cognizant of foundational sampling considerations such as
survey design (e.g., random or stratified sampling) and
gill-net effort needed to accurately characterize kokanee
population structure. In light of the current study and pre-
vious empirical evaluations, it seems prudent to measure
ambient light variables such as moon phase, net depth,
and secchi depth when indexing pelagic fish populations
with gill nets to account for factors that may affect their
movement and associated capture. Accounting for these
ambient light variables may explain differences in catch
composition among sampling events. Considering the sig-
nificant effect of fishery (i.e., water body) related to total
catch and average size of kokanee sampled, gill-net catch
metrics for some populations may respond differently to
ambient light variables due to inherent population-specific
differences in abundance, growth rate, size-structure, and
predator assemblages. In addition, system-specific pro-
cesses such as reservoir inputs (i.e., precipitation, sedi-
ments) and outputs (i.e., water withdrawal) had a
considerable effect on thermocline depth and secchi depth
among sampling events during this study. As such, we
encourage future studies to sample several kokanee popu-
lations (i.e., more than three) across multiple years to (1)
increase the sample size needed to model the interaction
between moon phase and secchi depth and (2) provide an

improved modeling framework (i.e., a random effect struc-
ture) to assist in controlling for unobserved variation
among populations (e.g., predation, angler exploitation,
reservoir operations). Such a design would expand the
scope of inference provided by the current case study and
further elucidate factors associated with the precision of
annual kokanee population indices that are used to fore-
cast recreational fisheries or measure changes in manage-
ment strategies.
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