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Abstract

This study was conducted on the Kootenai River, Idaho to provide insight on sampling requirements to optimize future 
monitoring effort associated with the response of fish assemblages to habitat rehabilitation. Our objective was to define the 
electrofishing effort (m) needed to have a 95% probability of sampling 50, 75, and 100% of the observed species richness 
and to evaluate the relative influence of depth, velocity, and instream woody cover on sample size requirements. Side-
channel habitats required more sampling effort to achieve 75 and 100% of the total species richness than main-channel 
habitats. The sampling effort required to have a 95% probability of sampling 100% of the species richness was 1100 m 
for main-channel sites and 1400 m for side-channel sites. We hypothesized that the difference in sampling requirements 
between main- and side-channel habitats was largely due to differences in habitat characteristics and species richness 
between main- and side-channel habitats. In general, main-channel habitats had lower species richness than side-channel 
habitats. Habitat characteristics (i.e., depth, current velocity, and woody instream cover) were not related to sample size 
requirements. Our guidelines will improve sampling efficiency during monitoring effort in the Kootenai River and provide 
insight on sampling designs for other large western river systems where electrofishing is used to assess fish assemblages.
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Introduction

Estimating species richness has long been prob-
lematic for ecologists in a wide variety of facets 
(Gould 2000, Gotelli and Colwell 2001, Walther 
and Martin 2001). While fisheries scientists com-
monly use this metric to evaluate and monitor 
fish assemblages, botanists and entomologists, 
among others, are commonly interested in how to 
efficiently estimate species richness of different 
biotic assemblages (Patton et al. 2000, Gotelli and 
Colwell 2001). For fisheries scientists, optimizing 
fish sampling effort to save time and resources is 
of high interest, particularly for projects focused 

on monitoring fish assemblages in large rivers 
(Flotemersch et al. 2011). Fisheries scientists are 
also commonly interested in characterizing fish 
assemblages or understanding how a management 
action might affect the occurrence of a given 
species. Achieving such objectives requires infor-
mation on fish assemblage structure and species 
occurrence to monitor responses to management 
(Moerke and Lamberti 2003). Knowledge of how 
much effort is required to detect a given level 
of species richness can help reduce the amount 
of time spent sampling, while also providing 
the information needed to evaluate potential 
changes in species composition. Guidelines for 
sampling fish assemblages in large western rivers 
are lacking in the primary literature. However, 
guidelines are necessary to improve efficiency 
while maintaining meaningful and comparable 
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datasets for  monitoring and evaluating the influ-
ence of management activities on fish assemblages.  

Considerable effort has focused on understand-
ing sample size requirements for systems through-
out North America. Sample size requirements for 
estimating species richness have been studied 
among a variety of lentic (Bailey et al. 2005, Quist 
et al. 2007) and lotic (Paller 1995, Patton et al. 
2000, Fischer and Paukert 2009, Flotemersch et 
al. 2011) habitats in many regions of the United 
States. Much of the previous research has focused 
on standing waters and small streams of the eastern 
or midwestern United States, but relatively little 
work has been conducted on large rivers in the 
western United States. Neebling and Quist (2011) 
investigated sample size requirements to detect 
various levels of species richness with different 
gear combinations in large rivers in Iowa. Similarly, 
Flotemersch and Blocksom (2005) evaluated the 
influence of sampling design and sample size on 
reach lengths needed to estimate assemblage met-
rics; however, these studies are limited to rivers of 
the midwestern United States. Large western rivers 
tend to be fairly depauperate and have different 
species composition and assemblage structure than 
their Midwestern counterparts. Because of these 
inherent differences, information on sample size 
requirements using common gears are needed for 
large rivers in the western United States.

Given the importance and interest in gain-
ing information on large river fish assemblages, 
development of sampling guidelines has become 
increasingly critical (Patton et al. 2000). Manage-
ment actions, such as habitat rehabilitation, are 
occurring in many large rivers throughout the 
western United States and such projects are tasked 
with monitoring the effects of management actions 
(Moerke and Lamberti 2003, Schloesser et al. 
2011, Romanov et al. 2012). Monitoring in most 
systems focuses on determining if management 
actions elicit responses from fish assemblages. As 
such, statistically rigorous sampling designs are 
needed to provide information that fishery man-
agers can confidently use to assess these actions. 
Knowledge of species occurrence allows managers 
to prioritize future projects and better understand 
the factors structuring fish assemblages.

The Kootenai River is a large floodplain river 
that originates in British Columbia, Canada and 
flows through the panhandle of northern Idaho. 
The portion of the Kootenai River in Idaho is 
characterized by a prominent floodplain that 
historically provided a substantial amount of 
flooded terrestrial habitat during high runoff 
events; however, many flood-related habitats (e.g., 
side channels, sloughs, oxbows) in the Kootenai 
River have been eliminated as a result of instream 
and shoreline development. The Kootenai River 
has been extensively altered by anthropogenic 
disturbance from water development and land 
use activities (Knudsen 1993). Native fishes 
in the Kootenai River, some of which provide 
important fisheries, have declined in abundance 
from historical levels, especially white sturgeon 
Acipenser transmontanus (Paragamian 2012), bur-
bot Lota lota (Paragamian and Hansen 2009), and 
kokanee Oncorhynchus nerka (Apperson 1990). 
The completion of Libby Dam and construction 
of levees have been implicated as causes for the 
decline of fish populations over the past several 
decades (Paragamian 2012). In addition to habitat 
loss from water development, Libby Dam has 
altered the historical flow, nutrient, and thermal 
regimes which have negatively influenced native 
fishes in the lower Kootenai River. While the 
headwaters of the Kootenai River are relatively 
intact, the lower portion of the Kootenai River 
ecosystem functions quite differently than it did 
historically (Knudson 1993). The once large and 
prominent floodplain that extended throughout the 
lower Kootenai River has since been replaced by 
a deep, incised main channel with little floodplain 
connectivity. 

Managers of the Kootenai River have recently 
instituted a large-scale habitat rehabilitation project 
focused on improving environmental conditions for 
native fishes and mitigating for water development 
(KTOI 2009). Primary objectives of the project 
are to improve and (or) create side-channel habitat 
that is scarce along a developed floodplain and 
to improve degraded habitat in the main channel 
(KTOI 2009, KTOI 2012). Habitat rehabilitation 
has been used successfully in many systems to 
enhance the abundance, growth, and reproduc-
tion of target fish species (Moerke and Lamberti 
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2003, Romanov et al. 2012). Habitat rehabilita-
tion projects have become a popular means for 
restoring native fish assemblages and have been 
shown to bring about change in fish assemblage 
and population structure (Binns 2004, Romanov 
et al. 2012). However, designs for monitoring and 
evaluating the success of habitat rehabilitation are 
often ignored. Furthermore, sampling designs for 
monitoring changes in fish assemblages, particu-
larly in large western river systems, is lacking in 
the primary literature. Evaluating the amount of 
sampling effort needed to detect different levels 
of assemblage and population indices can improve 
the efficiency of projects aimed at monitoring 
trends in fish assemblages and species occurrence 
(Lyons 1992, Bayley and Dowling 1993, Flote-
mersch et al. 2011). Often, trends in occurrence 
of native and non-native fish can inform managers 
about the expansion or contraction of a species’ 
distribution at small (e.g., river segment; Bayley 
et al.1993, Angermeier and Smoger 1995) and 
large scales (e.g., drainage basin; Jennings et al. 
1995). Information on occurrence can also be used 
to identify patterns of colonization and extirpation 
in relation to management actions.  

Managers of the Kootenai River are tasked with 
the responsibility of conserving native fishes and 
evaluating the influence of management actions on 
fish assemblages. Given the onset of a large-scale 
habitat rehabilitation project occurring in the lower 
Kootenai River, rigorous protocols are needed for 
effective monitoring and evaluation. Large river 
systems usually possess habitat characteristics that 
are different than habitat in small streams, where 
most sample size investigations have previously 
been conducted. For example, large rivers are wide 
and relatively deep compared to small streams. In 
addition, small streams in the western U.S. tend 
to have larger substrate and more overhead cover 
(Vannote et al. 1980). Other studies have shown 
that electrofishing is both size and species selec-
tive (Shoenebeck and Hansen 2005, Reynolds and 
Kolz 2012). Electrofishing selectivity is further 
complicated by the fact that catchability is often 
related to habitat characteristics (Rogers et al. 
2003). Given these sampling issues, understanding 
the outcomes of sampling effort and the relative 
influence of habitat has ramifications for monitor-

ing and developing effective sampling designs. As 
such, the purpose of this study was to determine the 
number of sampling reaches required to estimate 
various levels of species richness in the braided 
reach of the Kootenai River and to describe the 
relationship between habitat and sampling effort 
requirements for estimating species richness. 

Methods

Site Selection

The Idaho portion of the Kootenai River is delin-
eated into three distinct sections: canyon, braided, 
and meander sections (Fosness and Williams 2009). 
The braided section (246–257 river kilometer) 
was the focus of our study and extends from the 
confluence of the Moyie River downstream to Bon-
ners Ferry, Idaho (Figure 1). Sampling occurred 
at seven sites within the braided section of the 
Kootenai River during the summer (May–Sep-
tember) of 2013. Sites were designated as either 
side-channel or main-channel (i.e., existing only in 
the main channel). Because a major focus of this 
study was to collect information from sites that 
would undergo habitat rehabilitation in the future, 
we selected sites based on planned rehabilitation. 
Main- and side-channel habitats were treated as 
two separate strata for this study based on inher-
ent differences in habitat characteristics. Three 
side-channel complexes and four main-channel 
meanders were designated as sampling sites 
(hereafter referred to as sites). Each side-channel 
site was then divided into individual 100-m-long 
reaches (hereafter referred to as reaches) along 
the thalweg. Each main-channel site was divided 
into 100-m-long reaches along both the inside and 
outside bend. Reaches in side-channel sites were 
treated as segments containing both banks while 
reaches in main-channel sites were considered as 
either the inside or outside bend. Reach lengths 
of 100 m allowed us to easily enumerate the total 
distance required during subsequent analyses. A 
handheld global positioning system was used to 
georeference the upper and lower terminus of each 
reach and florescent flagging was placed along the 
bank to identify the spatial extent of each reach 
during sampling.
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Fish Sampling

All reaches were sampled using pulsed-DC boat-
mounted electrofishing on a biweekly schedule to 
account for temporal variability in fish assemblage 
structure. Previous studies have shown that elec-
trofishing is an effective sampling technique for 
riverine fishes and is commonly used by natural 
resource agencies conduct fish surveys (Reynolds 
and Kolz 2012). As such, sampling was conducted 

during the day with a boat-mounted electrofisher 
composed of an Infinity control box (Midwest Lake 
Electrofishing Systems, Inc., Polo, Missouri) and 
a 5000 W generator (American Honda Motor Co., 
Torrance, California). Electrofishing power output 
was standardized to 3000 W based on ambient 
water conductivity and water temperature following 
Miranda (2009). Two netters were stationed at the 
bow of the boat to collect immobilized fish during 

Figure 1. Map of the Idaho portion of the Kootenai River.  The braided section is located between the confluence of the Moyie 
River and the town of Bonners Ferry, Idaho. 
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sampling. For side-channel sites, electrofishing 
effort began at the most upstream reach within 
each site, and a single pass was allocated to both 
the right and left banks of each reach before pro-
ceeding to the next reach. Electrofishing began at 
the uppermost reach in each main-channel bend 
and a single pass was conducted along the bank 
of each reach before proceeding to the subsequent 
reach. Upon completion of sampling in each reach, 
fishes were identified to species, measured (total 
length; mm), and released. Data collected from 
reaches along the inside and outside bends of 
main-channel sites were treated independently in 
all analyses, but were nested within their respective 
sites. Similarly, data collected from reaches in side-
channel sites were nested within their respective 
site. After processing, all fish were released in a 
location away from subsequent sampling reaches 
to minimize the influence of emigration back into 
the sampling area.

Habitat Sampling

Environmental variables were measured to evaluate 
the influence of abiotic habitat characteristics on 
the effort required to attain various proportions of 
total species richness. Woody debris was measured 
as the total surface area (m2) of woody instream 
cover in each sampling reach. Only woody debris 
particles greater than 0.20 m in diameter and 0.50 
m in length were measured. Estimates of mean 
water column velocity and depth were obtained 
from the River Design Group (RDG; River Design 
Group, Inc., Whitefish, Montana). The RDG has 
compiled channel morphology and flow data from 
throughout the braided reach of the Kootenai 
River to monitor the response of habitat within 
rehabilitation areas. Water hydraulics were simu-
lated using the flow and sediment transport with 
morphological evolution of channels hydraulic flow 
model (FaSTMECH; Nelson 1996). The hydraulic 
model was calibrated to a range of measured stage 
data from a detailed gage network from water 
years 2010 and 2011 (Czuba et al. 2011). Model 
results were post-processed in ArcGIS (ArcGIS 
2000, Esri, Redlands, California) to develop mean 
depth, mean velocity, associated variances, and 
shear stress grids for flow conditions that occurred 
during each fish sampling event.

Data Analysis

Species richness was calculated for each site by 
month during the field season as the total number 
of species detected. Two sampling events were 
conducted during each month of the summer 
(May–September). The sampling event during 
each month with the highest standard deviation 
in species richness was used for subsequent 
analyses. This allowed for the most conservative 
estimate of required effort. The effort required 
to sample 50, 75, and 100% of the species cap-
tured in each site (species richness) with 95% 
confidence was estimated during each month of 
the field season using a re-sampling procedure. 
Monte Carlo simulations were used to resample 
random combinations of reaches within each site 
(Manly 1991). Simulations were performed to 
randomly sample (without replacement) combi-
nations of reaches (representing sampling effort) 
within each site (Patton et al. 2000, Quist et al. 
2007, Neebling and Quist 2011). One thousand 
iterations were performed for each sample size 
and the total number of species was recorded 
for each iteration. We assumed that at least two 
reaches (i.e., 200 m of thalweg [side channels] 
or shoreline [main channel] distance) could be 
sampled by fisheries scientists with ease; this 
was a reasonable assumption given the nature of 
sampling in large river systems.

For each sample size, the number of times out 
of 1000 replicates that a given species richness 
was attained was recorded. This provided raw 
probabilities for detecting various levels of spe-
cies richness with each sample size. The mean 
minimum number of reaches required to sample 
a given level of species richness (i.e., 50, 75, or 
100%) with a 95% probability was estimated. 
For instance, 12 reaches were sampled during 
May from the South Side Channel (SSC) and 
nine species were captured. For a sample size 
of two reaches, two reaches were repeatedly 
sampled 1000 times and the number of species 
from each iteration was recorded. This process 
was repeated up to the maximum sample size (n 
= 12). Replicates were used to estimate of the 
probability of observing various levels species 
richness among different sample sizes (Figure 2). 
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Probabilities were subsequently modeled using 
nonlinear regression methods (Seber and Wild 
2006) to assess the number of transects required to 
sample each percentage of species at some prob-
ability of detection. All simulations and analyses 
were performed using R version 3.1.0 (R 3.1.0, 
R Core Team, 2012).

We complimented species accumulation mod-
els with distance-based estimates of required 
electrofishing effort to provide further insight to 
fisheries managers. The number of stream reaches 
was converted to a measure of distance in meters 
(measured as the total thalweg [side-channel sites] 
or shoreline distance [main-channel sites]) required 
to sample given target levels of species richness 
(Bayley and Dowling 1993, Patton et al. 2000). 
Simple linear regression was used to evaluate the 
influence of environmental characteristics on the 
distance required to estimate species richness. 
The total distance required to sample 100% of the 
species present in a site with 95% confidence was 
converted to a proportion of the total site length 
and used as the response variable in regression 

analyses. We investigated woody cover, veloc-
ity, and coefficient of variation (CV) in depth 
as potential explanatory variables influencing 
the proportion of each site required to sample 
100% of the species. Habitat characteristics used 
as explanatory variables in multiple regression 
models were chosen based on their potential to 
influence sampling efficiency and their known 
importance to the ecology of fishes occurring in 
the Kootenai River (Smith et al. 2015). Knowledge 
of the influence of habitat on species occurrence 
and detection formed the basis for the models we 
developed to explain variability in sampling effort 
requirements. A Type I error rate of α = 0.05 was 
used in all statistical tests. 

Results

We sampled 112 reaches comprising seven sites 
during the summer of 2013, and each site was 
sampled 10 times. Side-channel sites varied in 
thalweg length from 1200–2200 m and contained 
56 reaches, whereas main-channel sites varied in 
length from 1200–1500 m in shoreline length and 

Figure 2. Example of accumulation curves produced from resampling simulations used to estimate sample size require-
ments for various levels of fish species richness in the Kootenai River, Idaho (2013). These data are from 
September 2013 sampling in the Upper Side Channel. Each point represents the number of replications during 
each simulation that a defined number of species was sampled. 
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contained 57 reaches (Table 1). Two side-channel 
sites were 2200 m in thalweg length and one side-
channel site was 1200 m in thalweg length. Two 
main-channel sites were 1500 m in total shoreline 
length, one was 1400 m long, and another was 
1200 m long. Mean water velocity and depth were 
higher in main-channel sites than side-channel 
sites (Table 1). Mean area of woody cover was 
generally higher in sites that had undergone habitat 
rehabilitation (i.e, North Side Channel, Upper 
Side Channel, Treatment Bend 2). 

We sampled 20 species representing eight 
families among the seven sites (Table 1) and 
sampled between 4–12 species at each reach across  
all months. Largescale sucker (scientific names 
provided in Table 2) and mountain whitefish were 
the most common species and the only species 
detected at every sampling reach throughout the 
summer; cumulatively, largescale sucker and 
mountain whitefish composed 66% of the total 
catch. Longnose sucker, northern pikeminnow, 
peamouth, redband trout, redside shiner, and 
Cottidae spp. were detected at every site, but not 
every reach. Furthermore, although these spe-
cies were detected at every reach, they were not 
abundant, making up only 25% of the total catch 
by number. Species richness was generally higher 
for side-channel sites than for main-channel sites 
(Table 3; Figure 3). In addition, species richness 
increased during the late summer (August and 
September) in side-channel sites, whereas main-

channel sites had higher species richness during 
the early summer (May and June).  

The amount of sampling effort required to 
sample various percentages of species richness 
varied by site and month. In general, sites with 
fewer reaches required less sampling effort to 
achieve all target levels of species richness dur-
ing all months (Table 3). Clear patterns emerged 
among the number of species detected and the 
distance required to sample various levels of spe-
cies richness. As would be expected, the number 
of reaches required to have a 95% probability 
of sampling 100% of the total number of spe-
cies generally increased as more species were 
detected. This was true for most sampling sites, 
with the exception of the North Side Channel 
which displayed the opposite pattern (Table 3). For 
example, in the South Side Channel during May, 
nine species were sampled with electrofishing and 
required an average of 354 m to sample 50%, 698 
m to sample 75%, and 1019 m to sample 100% 
of the total estimated species richness (Figure 
4). For the South Side Channel during June, the 
required number of reaches required increased 
to 399 m for 50% of species richness, decreased 
to 618 m for 75%, and increased slightly to 1100 
m for 100%. 

Regression modeling exercises showed little 
support for environmental covariates hypothesized 
to influence the proportion of site length required 
to sample 100% of the estimated species richness. 

TABLE 1. Total thalweg or shoreline length (m), mean velocity (m/sec), mean depth (m),  mean surface area of woody cover 
(> 0.2 × 0.5 m; m2), and channel type of sampling sites in the braided section of the Kootenai River, Idaho sampled 
during the summer (May–September) of 2013.  Standard errors for mean habitat variables are provided in parentheses.  
Sites include NSC = North Side Channel, SSC = South Side Channel, USC = Upper Side Channel, CB 1 = Control 
Bend 1, CB 2 = Control Bend 2, TB 1 = Treatment Bend 1, TB 2 = Treatment Bend 2.

Site name Length Reaches Velocity  Depth  Woody cover

Side channel

NSC 2200 22 0.31 (0.01) 1.92 (0.06) 48.47 (3.36)

SSC 1200 12 0.80 (0.02) 1.50 (0.04) 12.08 (0.87)

USC 2200 22 0.68 (0.01) 1.48 (0.04) 34.21 (2.82)

Main channel

CB 1 1500 15 1.31 (0.02) 2.67 (0.07) 3.43 (0.49)

CB 2 1500 15 1.04 (0.03) 3.35 (0.18) 0.00 (0.00)

TB 1 1500 15 1.05 (0.02) 2.64 (0.08) 0.00 (0.00)

TB 2 1200 15 1.08 (0.02) 2.84 (0.12) 64.62 (6.14)
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The proportion of site length required to sample 
100% of the species was inversely related to CV 
in depth (r2 = 0.14, P = 0.03) and surface area 
of instream woody debris (r2 = 0.14, P = 0.02); 
the relationship was negative for both variables. 
While both the CV in depth and area of woody 
debris were negatively related to distance required 
to sample all presumably present species, the 
relationship was not well-supported.

Discussion

Information regarding species occurrence is of 
importance to fisheries scientists because it allows 
them to monitor temporal and spatial trends in the 
distribution of fishes, and can provide insight on 
the response of fish assemblages to management 
actions or environmental change. In addition, 
information on the occurrence of fishes has in-
creased in importance as it can provide insight on 
colonization rates and range expansion. Obtain-
ing accurate information on species occurrence 
and species richness requires sufficient sampling 

effort to ensure that all species are captured and 
that sampling is efficient.

Overall, the sites sampled in our study dis-
played variation in monthly species richness and 
habitat. The amount of sampling effort required 
to estimate various levels of species richness 
varied among main- and side-channel reaches, 
but patterns in effort required to obtain 50, 75, 
and 100% of the estimated species richness was 
similar for all months during the field season. 
Other studies concentrated on evaluating species 
richness have focused on systems in the eastern 
or midwestern United States, many of which are 
small streams or standing waters. Consequently, 
many studies have developed guidelines using 
sampling gears that are not appropriate for large 
rivers (e.g., seining or backpack electrofishing). 
Neebling and Quist (2011) evaluated sample size 
requirements to estimate species richness using 
boat-mounted electrofishing in Iowa rivers. The 
authors reported that 2500 m were required to 
have a 95% probability of sampling 100% of the 

TABLE 2. Fishes sampled from the braided section of the Kootenai River, Idaho during the summer (May–September) of 2013: 
NSC = North Side Channel, SSC = South Side Channel, USC = Upper Side Channel, CB 1 = Control Bend 1, CB 2 
= Control Bend 2, TB 1 = Treatment Bend 1, TB 2 = Treatment Bend 2 (where X indicates that a species was present 
at a site).  Species are listed alphabetically by common name and scientific name is provided.

 Species sampled by site
Common name Scientific name NSC SSC USC CB 1 CB 2 TB 1 TB 2

Burbot Lota lota  X  X

Brown Bullhead Ameiurus nebulosus X  X  X

Brook Trout Salvelinus fontinalis  X   X

Bull Trout Salvelinus confluentus  X    X

Brown Trout Salmo trutta  X  X

Kokanee Oncorhynchus nerka X X X  X X 

Largemouth Bass Micropterus salmoides X 

Longnose Dace Rhinichthys cataractae  X X X 

Longnose Sucker Catostomus catostomus X X X X X X X

Largescale Sucker Catostomus macrocheilus X X X X X X X

Mountain Whitefish Prosopium williamsoni X X X X X X X

Northern Pikeminnow Ptychocheilus oregonensis X X X X X X X

Pumpkinseed Lepomis gibbosus X 

Peamouth Mylocheilus caurinus X X X X X X X

Redband Trout Oncorhynchus mykiss X X X X X X X

Redside Shiner Richardsonius balteatus X X X X X X X

Sculpin Cottus spp. X X X X X X X

Westslope Cutthroat Trout Oncorhynchus clarkii lewisi X X X   X

Yellow Perch Perca flavescens X
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species richness using boat-mounted electrofish-
ing. We did not observe a similar pattern in our 
study. In fact, we found that the distance required 
to sample 100% of the total species richness varied 
from 425–1818 m among all sites and months. 
More specifically, the amount of effort to sample 
100% of the total species richness varied from 
425–1286 m for main-channel sites and from 
975–1818 m for side-channel sites. The efficacy 
of using both proportional- and fixed-distance 
designs for estimating species richness in large 
rivers has previously been evaluated (Lyons 1992, 
Flotemersch and Blocksom 2005). Given the 
former design, our results tend to differ from 
Neebling and Quist (2011) where the proportion 
of site length required to estimate species richness 
in Iowa rivers was approximately 50% of the total 
site length. Our results suggest that 35–86% of 
the total site length is required to sample 100% 
of the species richness in main-channel sites, and 
81–86% of the total site length is required in side-
channel sites. Therefore, in regard to proportion of 
the total original site length required to estimate 
species richness, our results tend to be higher than 
has been reported in other large river systems. 
The higher proportion of site length required in 

TABLE 3. Site abbreviation, species richness (S), and electro-
fishing distance (m; [95% CI]) required to attain 
various percentages (i.e., 50, 75, and 100%) of 
species richness for each month during the sum-
mer of 2013: NSC = North Side Channel, SSC = 
South Side Channel, USC = Upper Side Channel, 
CB 1 = Control Bend 1, CB 2 = Control Bend 
2, TB 1 = Treatment Bend 1, TB 2 = Treatment 
Bend 2.  Measures of effort are provided as total 
distance electrofished.  

  Percent of total species
Site S 50%    75%  100%

May
NSC 8 587 (248)    965 (283) 1397 (213)
SSC 9 354 (131)    698 (222) 1019 (184)
USC 7 366 (168)    841 (351) 1703 (337)
CB 1 6 320 (119)    700 (243)    984 (256)
CB 2 5 407 (158)    489 (199)    763 (201)
TB 1 6 426 (195)    717 (262) 1076 (268)
TB 2 4 355 (146)    506 (186)    799 (191)

June
NSC 7 328 (134)    731 (315) 1532 (316)
SSC       10 399 (142)    618 (198) 1100 (122)
USC 9 350 (149)    906 (354) 1762 (365)
CB 1 5 410 (189)    676 (282) 1041 (302)
CB 2 8 605 (199)    698 (200) 1063 (151)
TB 1 8 330 (122)    575 (217) 1077 (252)
TB 2 5 298 (107)    658 (197)    907 (181)

July
NSC 9 394 (152)    977 (389) 1349 (302)
SSC 8 441 (161)    624 (212)    982 (135)
USC       10 565 (250)    903 (304) 1810 (265)
CB 1 7 319 (124)    460 (158)    992 (195)
CB 2 9 444 (175)    720 (195) 1081 (130)
TB 1 8 390 (152)    548 (188)    923 (232)
TB 2 4 296 (109)    439 (147)    651 (147)

August
NSC       12 511 (187)    679 (241) 1235 (177)
SSC 8 326 (134)    702 (209)    975 (207)
USC 8 708 (350) 1,216 (458) 1814 (347)
CB 1 4 461 (268)    682 (272)    986 (296)
CB 2 6 482 (219)    500 (113)    784 (252)
TB 1 4 285 (101)    462 (132)    674 (122)
TB 2 4 224 (43)   281 (81)    425 (89)

September
NSC 10 374 (127) 766 (207)    942 (221)
SSC 9 398 (136) 615 (262)    991 (195)
USC 8 651 (303) 1,065 (438) 1818 (349)
CB 1 5 357 (146)    635 (228)    845 (281)
CB 2 9 321 (102)    603 (192) 1079 (195)
TB 1 6 466 (209)    982 (249) 1286 (207)
TB 2 4 262 (81)    386 (146)    620 (161)

Figure 3. Box plot of species richness for seven sampling sites 
located in the braided section of the Kootenai River, 
Idaho (2013).  The lines within each box represent 
the median species richness and the upper and lower 
portions of each box represent the 75th and 25th 
percentiles, respectively. Sampling sites include 
North Side Channel (NSC), South Side Channel 
(SSC), Upper Side Channel (USC), Control Bend 
1 (CB 1), Control Bend 2 (CB 2), Treatment Bend 
1 (TB 1), and Treatment Bend 2 (TB 2). 
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our study may reflect the  presence of rare spe-
cies that are patchily-distributed throughout the 
Kootenai River.

Western rivers are typically depauperate com-
pared to systems in the midwestern and eastern 
United States. Moreover, fish assemblages in 
regulated rivers are generally dominated by rela-
tively few, generalist species (Paragamian 2002, 
de Mérona et al. 2005). The Kootenai River ex-
hibits a similar pattern where the fish assemblage 
is dominated by a few species. Smith (2013) 
found that fish assemblage structure and species 
composition varied throughout the entire lower 
Kootenai River, and that species richness was 
highest in the braided section. We found that the 
fish assemblage in the braided section was largely 
composed of a few species; however, most species 
tended to be rare and occurred only in localized 
areas with suitable habitat. We argue that the high 
amount of proportional sampling effort required 
to estimate species richness was an artifact of 
patchily-distributed rare species.

Previous studies have found that habitat can 
influence the amount of sampling effort required 
to characterize species richness. Patton et al. 
(2000) reported that stream width and stream area 
were inversely related to the number of reaches 
required to sample 90% of the species in small 
southeastern Wyoming streams. Our results sug-
gested that habitat was not closely related to sample 
size requirements. Although the Kootenai River 
is composed of relatively homogeneous habitat 
with little complexity, similar to streams sampled 
by Patton et al. (2000), we did not observe similar 
patterns between habitat and sampling effort. 
However, in general, habitat in regulated rivers 
tends to be highly homogeneous (Nilsson et al. 
2005) while small streams are often unregulated 
and possess more habitat complexity (Angermeier 
and Smoger 1995).

Figure 4. Graphical example of effort (distance) required to 
sample 25, 50, and 75% of species in the South Side 
Channel (SSC) of the Kootenai River where twelve, 
100-m-long reaches were sampled each month dur-
ing May–September 2013. Error bars represent one 
standard error of the mean.
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An important consideration surrounding estima-
tion of species occurrence and richness estimation 
is detectability (MacKenzie et al. 2002). Although 
detection probabilities were not evaluated in the 
study herein, they have been estimated for species 
in the Kootenai River (Smith 2013). Individual 
species detection probabilities can be coupled with 
our sampling effort results to provide additional 
guidance for future fish assemblage monitoring. 
Smith et al. (2015) provides probabilities of detec-
tion for all of the species sampling in our study in 
addition to information on habitat characteristics 
influencing occupancy.

Our results suggest that stratification of sam-
pling effort based on habitat characteristics may 
not be warranted during future monitoring efforts. 
We found that the relationship between instream 
woody cover, velocity, and depth was statistically 
weak and that these variables had little association 
with sample size requirements. Additionally, our 
results suggest that sampling 1800 m of thalweg 
corresponded to a 95% probability of sampling 
100% of the observed species richness in side-
channel sites. For main-channel sites, sampling 
1400 m of shoreline produces a 95% probability of 
sampling 100% of the observed species richness.

In general, these sample sizes will provide 
the highest confidence estimates of species rich-
ness and avoid unnecessary sampling. In most 
cases, the most conservative level of sampling 
effort required for 100% of species richness was 
close to the total length of each site, particularly 
in side-channel sites which required more effort 
than main-channel sites. Future work will also 
benefit from retrospectively evaluating power to 
detect changes in species richness given various 
levels of sampling effort and alternative methods 
and designs (i.e., multiple pass electrofishing, 
nighttime electrofishing). In fact, previous work 
on electrofishing methodology has shown that 
nighttime sampling is more efficient (Paragamian 

1989). Given the relatively low species richness 
estimates observed in our study, we acknowledge 
that estimation of detectable changes in species 
richness may be difficult and require more than 
the recommended effort described here, but ad-
ditional work in this area may provide insight on 
effort requirements for detecting rare species in 
the Kootenai River (i.e., burbot, white sturgeon). 
In addition, alternative designs and sampling 
methods may not significantly reduce the amount 
of effort required to estimate species richness or 
increase the probability of detecting rare species. 
However, the guidelines provided here will al-
low managers of the Kootenai River to conduct 
future sampling efforts with reasonable certainty 
of species richness estimates among main- and 
off-channel environments using safe and feasible 
methods. This study is the first of its kind for large 
coldwater rivers, but future work should focus on 
similar analyses in other large rivers characteristic 
of the western United States.

Acknowledgments

We thank several University of Idaho technicians 
for assistance with field work, especially C. Brown, 
K. Griffin, J. Johnson, D. Donnelly, J. Yates, and 
E. Landers. We thank K. Cain, B. Dennis, T. 
Neebling, and three anonymous reviewers for 
providing comments on an earlier version of the 
manuscript. Funding for this project was provided 
by the Kootenai Tribe of Idaho and the Idaho 
Cooperative Fish and Wildlife Research Unit. 
The Unit is jointly sponsored by the University of 
Idaho, U.S. Geological Survey, Idaho Department 
of Fish and Game, and Wildlife Management In-
stitute. The use of trade, firm, or product names is 
for descriptive purposes only and does not imply 
endorsement by the United States Government. 
This project was conducted under the University 
of Idaho Institutional Animal Care and Use Com-
mittee Protocol 2012-22.



326 Watkins et al.

Literature Cited

Angermeier, P. L., and R. A. Smoger. 1995. Estimat-
ing number of species and relative abundances 
in stream-fish communities: effects of sampling 
effort and discontinuous spatial distributions. Ca-
nadian Journal of Fisheries and Aquatic Sciences 
52:936-949. 

Apperson, K. 1990. Kootenai River white sturgeon investi-
gations and experimental culture. Idaho Department 
of Fish and Game. Prepared for Bonneville Power 
Administration. Annual Progress Report, Project 
88-6, Boise, ID. 

Bailey, P. E., and K. G. Gerow. 2005. Seining effort 
needed to estimate species richness of small littoral 
zone fishes: a simulation study in three Wyoming 
Reservoirs. North American Journal of Fisheries 
Management 25:1310-1314.

Bayley, P. B., and D. C. Dowling. 1993. The effect of habitat 
in biasing fish abundances and species richness 
estimates when using various sampling methods in 
streams. Polskie Archiwum Hydrobiologii 40:5-14.

Binns, N. A. 2004. Effectiveness of habitat manipulation for 
wild salmonids in Wyoming streams. North Ameri-
can Journal of Fisheries Management 24:911-921.

Czuba, C. R., and Barton, G. J. 2011. Updated one-
dimensional hydraulic model of the Kootenai River, 
Idaho—A supplement to Scientific Investigations 
Report 2005-5110. Scientific Investigations Re-
port 2011-5128, United States Geological Survey, 
Reston, VA.

de Mérona, B., R. Vigouroux, and F. L. Tejerina-Garro. 
2005. Alteration of fish diversity downstream from 
Petit-Saut Dam in French Guiana. Implication of 
ecological strategies of fish species. Hydrobiologia 
551:33-47. 

Fischer, J. R., and C. P. Paukert. 2009. Effects of sampling 
effort, assemblage similarity, and habitat heteroge-
neity on estimates of species richness and relative 
abundance of stream fishes. Canadian Journal of 
Fisheries and Aquatic Sciences 66:277-290.

Flotemersch, J. E., and K. A. Blocksom. 2005. Electrofish-
ing in boatable rivers: does sampling design affect 
bioassessment metrics? Environmental Monitoring 
and Assessment 102:263-283.  

Flotemersch, J. E., J. B. Stribling, R. M. Hughes, L. Reyn-
olds, M. J. Paul, and C. Wolter.  2011. Site length 
for biological assessment in boatable rivers. River 
Research and Applications 27:520-535.

Fosness, R. L., and M. L. Williams. 2009. Sediment char-
acteristics and transport in the Kootenai River white 
sturgeon critical habitat near Bonners Ferry, Idaho. 
Scientific Investigations Report 2009-5228, United 
States Geological Survey, Reston, VA.

Gotelli, N. J., and R. K. Colwell. 2001. Quantifying bio-
diversity; procedures and pitfalls in the measure-
ment and comparison of species richness. Ecology 
Letters 4:379-391. 

Gould, W. 2000. Remote sensing of vegetation, plant spe-
cies richness, and regional biodiversity hotspots. 
Ecological Applications 10:1861-1870. 

Jennings, M. J., L. S. Fore, and J. R. Karr. 1995. Biologi-
cal monitoring of fish assemblages in Tennessee 
Valley reservoirs. Regulated Rivers: Research and 
Management 2:263-274.

Knudson, K. 1993. Water quality status report, Kootenay 
River Basin, British Columbia, Montana, and Idaho. 
The Kootenai River Network, Libby, MT.

KTOI (Kootenai Tribe of Idaho). 2009. Kootenai River 
habitat restoration master plan. Kootenai Tribe of 
Idaho, Bonners Ferry, ID. 

KTOI (Kootenai Tribe of Idaho). 2012. Kootenai River 
habitat restoration program: feasibility analysis & 
preliminary design report for the upper meander 
& north side channels phase 2 projects. Kootenai 
Tribe of Idaho, Bonners Ferry, ID. 

Lyons, J. 1992. The length of stream to sample with a 
towed electrofishing unit when species richness 
is estimated. North American Journal of Fisheries 
Management 12:198-203.

MacKenzie, D. I., J. D. Nichols, G. B. Lachman, S. Droege, 
J. A. Royle, and C. A. Langtimm. 2002. Estimating 
site occupancy rates when detection probabilities 
are less than one. Ecology 83:2248-2255. 

Manly, B. F. J. 1991. Randomization and Monte Carlo 
Methods in Biology. Chapman and Hall, New 
York, NY.

Miranda, L. E. 2009. Standardized electrofishing power 
for boat electrofishing. In S. A. Bonar, W. A. Hu-
bert, and D. W. Willis (editors), Standard Methods 
for Sampling North American Freshwater Fishes. 
American Fisheries Society, Bethesda, MD. Pp. 
223-230.

Moerke, A. H., G. A. Lamberti. 2003. Response of fish 
community structure to restoration of two Indiana 
streams. North American Journal of Fisheries 
Management 23:748-759. 

Neebling, T. E., and M. C. Quist. 2011. Comparison of boat 
electrofishing, trawling, and seining for sampling 
fish assemblages in Iowa’s nonwadeable rivers. 
North American Journal of Fisheries Management 
31:390-402.

Nelson, J. M. 1996. Predictive techniques for river channel 
evolution and maintenance, Water, Soil, and Air 
Pollution 90:321-333.

Nilsson, C., C. A. Reidy, M. Dynesius, and C. Revenga. 
2005. Fragmentation and flow regulation of the 
world’s large river systems. Science 308:405-408. 

Paller, M. H. 1995. Relationship among number of fish 
species sampled, reach length surveyed, and sam-
pling effort in South Carolina coastal plain streams. 
North American Journal of Fisheries Management 
15:110-120.

Patton, T. M., W. A. Hubert, F. J. Rahel, and K. G. Gerow. 
2000. Effort needed to estimate species richness 



327Kootenai River Electrofishing Requirements

in small streams on the Great Plains in Wyoming. 
North American Journal of Fisheries Management 
20:394-398.   

Paragamian, V. L. 1989. A comparison of day and night 
electrofishing: size structure and catch per  unit ef-
fort for smallmouth bass. North American Journal 
of Fisheries Management 9:500-503 

Paragamian, V. L. 2002. Changes in species composition 
of the fish community in a reach of the Kootenai 
River, Idaho, after construction of Libby Dam. 
Journal of Freshwater Ecology 17:375-383. 

Paragamian, V. L. 2012. Kootenai River white sturgeon: 
synthesis of two decades of research. Endangered 
Species Research 17:157-167. 

Paragamian, V. L., and M. J. Hansen. 2009. Rehabilitation 
needs for burbot in the Kootenai River, Idaho, USA, 
and British Columbia, Canada. North American 
Journal of Fisheries Management 29:768-777. 

Quist, M. C., L. Bruce, K. Bogenschultz, and J. E. Morris. 
2007. Sample size requirements for estimating spe-
cies richness of aquatic vegetation in Iowa lakes. 
Journal of Freshwater Ecology 22:477-491.

R Development Core Team. 2012. R: a language and envi-
ronment for statistical computing. R Foundation for 
Statistical Computing, Vienna, Austria. Available: 
www.R-project.org. 

Reynolds, J. B., and A. L. Kolz. 2012. Electrofishing. In 
A. V. Zale, D. L. Parrish, and T. M. Sutton (editors), 
Fisheries Techniques, 3rd ed. American Fisheries 
Society, Bethesda, MD. Pp. 305-354. 

Rogers, M. W., M. J. Hansen, and T. D. Beard, Jr. 2003. 
Catchability of walleye to fyke netting and electro-
fishing in northern Wisconsin lakes. North American 
Journal of Fisheries Management 23:1193-1206.

Romanov, A. M., J. Hardy, S. C. Zueg, and B. J. Cardi-
nale. 2012. Abundance, size structure, and growth 
rates of Sacramento pikeminnow (Ptychocheilus 
grandis) following a large-scale stream channel 
restoration in California. Journal of Freshwater 
Ecology 27:495-505. 

Schloesser, J. T., C. P. Paukert, W. J. Doyle, T. D. Hill, K. 
D. Stephenson, and V. H. Travnichek. 2011. Fish 
assemblages at engineered and natural channel 
structures in the lower Missouri River: implications 
for modified dike structures. River Research and 
Applications 28:1695-1707.

Seber, G. A. F., and C. J. Wild. 2006. Nolinear Regression. 
John Wiley and Sons, Inc., New York, NY. 

Shoenebeck, C. W., and M. J. Hansen. 2005. Electrofish-
ing catchability of walleyes, largemouth bass, 
smallmouth bass, northern pike, and muskellunge 
in Wisconsin lakes. North American Journal of 
Fisheries Management 25:1341-1352.

Smith, C. D., M. C. Quist, and R. S. Hardy. 2015.Detec-
tion probabilities of electrofishing, hoop nets, and 
benthic trawls for fishes in two western North 
American rivers. Journal of Fish and Widlife Man-
agement 6:371-391.

Vannote, R. L., G. W. Minshall, K. W. Cummins, J. R. 
Sedell, C. E. Cushing. 1980. The river continuum 
concept. Canadian Journal of Fisheries and Aquatic 
Sciences 37:130-137. 

Walther, B. A., and J. L. Martin. 2001. Species richness 
estimation of bird communities; how to control 
for sampling effort. International Journal of Avian 
Science 143:413-419. 

Received 04 September 2015

Accepted 11 April 2016


