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EDITOR'S NOTE

1

The Necessity of Page Charges
Greetings GPNSS members!   I hope that summer finds
each of you well and enjoying the outdoors in some way,
whether it be starting another season of fieldwork, time spent
with friends and family, or breathing in the fresh prairie air.
The start of summer is a wonderful time in my neck of the
woods, and a time I enjoy winding down from the demands of
teaching, and seemingly never ending “to-do” list throughout
the academic year.   Here in Illinois, water again flows
freely throughout the Mississippi and Illinois rivers, aquatic
environments transform, and terrestrial vegetation escape
the grips of ‘Old Man Winter’ to flourish.  It is also during
summer when I undergo a seasonal transformation from
teaching back to research and preparing publications. It is
the theme of peer-reviewed publications that, in a roundabout
way, I want to focus on in this editorial.
A request sometimes made to The Prairie Naturalist (TPN)
editorial staff is for a waiver of page charges for accepted
publications (Krausman 2017). Most waiver requests occur
after an author has confirmed previously that funds were
available to cover page charges. While circumstances often
change (e.g., funding sources evaporate, administration
changes make is challenging to allocate funding for page
charges, elimination of positions), it is difficult to understand
how page charge waivers can be requested by authors who
were unaware of how expensive page charges are or that
they even exist (Krausman 2017). I offer this perspective in
the spirit that researchers often overcome obstacles during
most research projects. Otherwise, a career in the wildlife
profession may be short-lived (Krausman 2017). For the
time being, page charges are a reality of the publication
process for journal publications, so research budgets should
include publication costs if funding agencies do not pay for
them (Krausman 2017).
In the case of research funded external grants, page
charges for journal publications may be paid by the grant,
or passed on to authors to defray publication costs in cases
where grants are terminated (Magee 1985, Krausman 2017).
I understand that out-of-pocket expenses by authors may not
be feasible, and that journals Editors (including TPN) could
grant waivers at the time of submission. For United States
government funded research, page charges typically are not
an issue because they are recognized as an integral part of a
research project and the economics of publishing (Krausman
2017).
Despite the transition to online publishing and

dissemination of information in digital format in recent
years, this transition has had little impact on altering the basic
pricing structure of publishing scholarly articles in the field
of ecology (Bergstrom and Bergstrom 2006). Competition
among publishing markets is notable and prices set by
journals involves a range of variables that differ between
publishers (Bjork and Solomon 2012). Higher prices often
associated with for-profit publishers without affiliated
professional societies (vs. non-profit societies and university
presses) do not reflect higher quality journals.  While funding
journal publications has been previously described (Suber
2006, Bjork and Solomon 2012), two basic pricing structures
for journals remain, including one for individuals or society
memberships, and another for libraries (Krausman 2017).
Both reflect page charges for manuscripts and reprints of
published articles that must be paid, the latter of which are
more expensive (Krausman 2017). Past demands for reprints
were handled with reprint requests and inter-library loans,
though in recent years, increasing use of the World Wide
Web has facilitated changes in information accessibility,
publishing, and charges for publication (Krausman 2017).
Sale of digitized and paper copies of journals changed in
two ways, including selling of electronic journal content and
individual article copies. In more recent years, the Public
Library of Science (PLoS) revolutionized the production
of high quality   scientific articles and rapid dissemination
services to authors of published articles, supported largely
by revenue generated by service charges to authors (Bjork
and Solomon 2012). Despite the continued evolution of
funding of journal publications, page charges still requires
that researchers pay for these services. This model will likely
persist well into the future.
The question still remains about what to do with good
manuscripts where authors have not secured funding
for publication costs. In most cases, granting agencies,
universities, and governments are able to pay for page charges
(Krausman 2017).  They recognize the benefits of sponsoring
good science, notoriety in the scientific community, and
reflects well on promoting professional development of
scientists and conservation of wildlife and their habitats; it is
a win-win for everybody involved (Krausman 2017). Thus,
I would encourage that mentors do all they can to continue
to ensure that young authors recognize the importance of
incorporating page charges into grant proposals, and project
principal investigators and administrators continue to support
publication costs (Krausman 2017). Young scientists also are
encouraged to seek funding sources within and outside their
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institutions to support publication costs. The editorial staff
for The Prairie Naturalist consider it a privilege to have all
accepted papers submitted to their journal published!
As with past issues of TPN, we have a well-rounded
issue with papers representing several taxa, and addressing
a number of management and conservation issues. William
Radigan and Mark Fincel provide an insightful evaluation
of environmental and biological factors affecting white bass
abundance in Missouri River reservoirs. Other studies assess
the suitability of electrofishing sampling gear for evaluating
fish abundance and assemblage structure of prairie streams,
channel catfish reproductive traits, signpost usage by captive
white-tailed deer, and incidental captures of Plain’s spotted
skunks. This issue also features several book reviews, which
were overseen by our Book Review Editor, Dr. Larry Igl.
In closing, if you have any questions, comments, or
helpful suggestions for improving TPN, please feel free to
contact me. After all, this is your journal, and I very much
appreciate your thoughts about it. Until next time, I wish you
all a safe and enjoyable summer!
—Christopher N. Jacques
Editor-in-Chief
LITERATURE CITED
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Factors Affecting White Bass Abundance in Two Missouri River Reservoirs
WILLIAM J. RADIGAN and MARK J. FINCEL
Department of Natural Resource Management, South Dakota State University, NPBL 138, Box 2140B, Brookings, South
Dakota 57007, USA (WJR)
South Dakota Department of Game, Fish and Parks, 20641 South Dakota Highway 1806, Ft. Pierre, South Dakota 57532, USA
(MJF)
ABSTRACT Annual angler harvest of white bass (Morone chrysops) increased from 1985–2005 in Lake Oahe and Lake Sharpe,
two mainstem Missouri River reservoirs in South Dakota. In 2006, harvest rates dropped appreciably in both reservoirs and
remained low through 2015.  It is hypothesized that a confirmed 2005 columnaris disease outbreak led to reduced annual angler
harvest of white bass from both reservoirs. Mean annual angler harvest prior to the outbreak (1985–2005) in Lake Oahe decreased
65% and in Lake Sharpe decreased 57% post outbreak (2006–2015). To assess potential causes of sustained decreased adult
white bass abundance in the reservoirs, we examined relationships among environmental (i.e., temperature, precipitation, water
elevation, inflow) and biological factors (i.e., prey abundance, potential competitor abundance) with both age-0 and adult (>100
mm total length) white bass relative abundance before and after the columnaris disease outbreak. Prior to the outbreak, age-0
and adult white bass abundance was related to biological variables (i.e., age-0 fish abundance, adult walleye abundance and adult
predator abundance) on Lake Oahe and Lake Sharpe. Following the outbreak, age-0 and adult white bass abundance was related to
environmental variables (i.e., January gauge height, precipitation and temperature, April and July gauge height and precipitation)
in both reservoirs. We hypothesize that since the columnaris disease outbreak reduced white bass abundance, environmental and
biological factors have changed roles in affecting age-0 and adult white bass abundance (and angler harvest) in both reservoirs.
Although these relationships are not necessarily causes of reduced abundance, we believe they can aid in management of white
bass populations by allowing prioritization of biological and environmental factors related to age-0 and adult white bass abundance
after columnaris disease-related die-offs.
KEY WORDS Angler, harvest, Lake Oahe, Lake Sharpe, white bass
White bass are popular among South Dakota anglers
(Willis et al. 1997, 2002), particularly in the Missouri River
impoundments. Estimated maximum yearly harvest of white
bass was 57,499 in 2002 and 59,784 in 2005 on Lakes Oahe
and Sharpe, respectively (Greiner et al. 2016). After 2005,
annual angler harvest of white bass decreased to (and has
remained) under 10,000 on Lake Oahe and under 21,000 on
Lake Sharpe. In 2005, the white bass populations of Lakes
Oahe and Sharpe both experienced confirmed (Wisconsin
Veterinary Diagnostic Laboratories in Madison, Wisconsin)
columnaris disease outbreaks resulting in high white bass
mortality (Lott et al. 2005, Potter and Lott 2006). In Lake
Oahe, mortality was estimated at 615,655 white bass, but
unfortunately no estimate of the Lake Sharpe die-off was
completed though anecdotal evidence suggests it was similar
in magnitude to that experienced on Lake Oahe (Lott et
al 2005). Since the columnaris outbreak in 2005, anglers
from both Lakes Oahe and Sharpe have expressed concern
regarding poor white bass fishing.
Periodic die-offs of white bass (columnaris diseaserelated or not) are common throughout the Midwest (Lott
et al. 2005). Examples include, Lake Texoma, Oklahoma
where thousands of white bass died in 2000 (Bean 2000),
a major die-off was reported at Lake Shelbyville, Illinois in
2013 (Illinois Department of Natural Resources 2013), and
hundreds of white bass died in Indian Lake, Ohio in 2014

(Wilson 2014). Iowa experienced a major white bass dieoff in Big Creek Lake in 2012, and again in 2017 (Iowa
Department of Natural Resources 2017). Recovery can
be slow following a die-off. In 1998, Big Stone Lake in
Minnesota had a white bass die-off, and it took 15 years for
the population to recover (Weisman 2016). Although dieoffs have been noted in popular press, specific causes are
often summarized as “bacteria-related”.
Columnaris is a disease caused by the bacterium
Flavobacterium columnare (formerly known in the literature
as Cytophaga columnaris and Flexibacter columnaris) and
affects fish populations worldwide (Bullock et al. 1986,
Bader and Starliper 2002, Mohammed and Arias 2015). The
bacteria first adheres to the mouth, lips, cheeks, and gills, and
then forms lesions or infects existing lesions before causing
internal infection and mortality (Bullock et al. 1986, Rach
et al. 2003). Virulence of the disease is dependent on the
strain of bacteria involved (Decostere et al. 1998, 1999,
Declerq et al. 2013). Characteristics of the disease are yellow
or white spots or saddles on the body, head, or fins, as well
as eroded fins (Decostere et al. 1998, Declerq et al. 2013).  
Transmission from fish to fish occurs through spores in the
water (Wakabayashi 1993). Flavobacteria are present in
most (if not all) freshwater aquatic, terrestrial and aquaculture
environments (Durborow et al. 1998, Shrivastava and Berg
2015). The disease becomes lethal when environmental
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conditions (i.e., high water temperatures) are stressful for fish
and preferable for columnaris disease (Wakabayashi 1991).
Columnaris disease has been documented in numerous
sport fish species, including largemouth bass (Micropterus
salmoides), rainbow trout (Oncorhynchus mykiss), blue
catfish (Ictalurus furcatus), striped bass and white bass
(Macfarlane et al. 1986, Mourning et al. 1994, Steeger et al.
1994, Zeller and Cairns 2011, Fuller et al. 2014).
This ubiquitous bacterial disease is associated with high
mortality in fish (Sahoo et al. 2010) and large-scale die-offs
of fish populations due to columnaris have been noted (Scott
and Bollinger 2014).  For instance, channel catfish (Ictalurus
punctatus) mortality can reach 80% in laboratory experiments
(Figueiredo et al. 2005) and 100% in fish farms (Suomalainen
et al. 2005) when infected with columnaris. At increased
temperatures, 100% mortality due to columnaris disease
infection has been noted in steelhead trout (Oncorhynchus
mykiss) and coho salmon (O. kisutch; Holt et al. 1975). Due
to its high lethality, columnaris causes economic losses by
presenting challenges for aquaculture and sport fisheries
(Sebastião et al. 2011, Farmer et al. 2013, Schrader et al.
2013). Annual losses resulting from columnaris in channel
catfish farming alone are estimated at $30 million (Declerq
et al. 2013).
Due to the noted prevalence of columnaris outbreaks
throughout the Midwest and the documented ubiquity of
the etiological agent, Flavobacterium columnare, it is likely
that additional white bass die-offs will occur throughout the
Midwest. Thus, it is important to identify and document
factors that affect white bass populations before, during, and
after these events. Since the columnaris outbreak in 2005
on Lakes Oahe and Sharpe, angler concerns regarding a
prolonged decrease in white bass have occurred. We sought
to determine if the 2005 die-off was responsible for the
sustained decreased angler harvest, or if other factors could
be contributing to reduced white bass harvest. We wanted
to provide future management recommendations by (1)
describing trends in white bass abundance before and after the
die-off, 2) identifying conditions that may have led to the dieoff, and 3) evaluating biological and environmental factors
that are related with age-0 and adult white bass abundance
in Lakes Oahe and Sharpe. A lack of available information
regarding factors that influence age-0 and adult white bass
abundance and, subsequently, annual angler harvest makes
management of the species difficult.   

a maximum depth of 24 m. Lake Oahe has numerous bays
and three large tributaries, including the Grand, Moreau, and
Cheyenne Rivers whereas Lake Sharpe has only two large
bays and one large tributary, the Bad River. Recreational
fisheries for walleye (Sander vitreus), northern pike (Esox
lucius), smallmouth bass (Micropterus dolomieu), and white
bass occur on both reservoirs.
METHODS
Fish sampling
We collected age-0 and adult (>100 mm total length)
white bass during South Dakota Game, Fish and Parks’
(SDGFP) annual fish population surveys on each reservoir
from 1985 to 2015 on Lake Oahe and Lake Sharpe. On
both reservoirs, we used standard experimental-mesh
multifilament nylon gill nets (e.g., 10.7 m ×1.8 m deep with
panels of the bar mesh sizes: 12.7 mm, 19.1 mm, 25.4 mm,
31.8 mm, 38.1 mm, 50.8 mm, and 63.5 mm) to collect adult
white bass. Each year on Lake Oahe at nine locations, we
set three standard gill nets overnight (approx. 20 h) on the
bottom of a shallow depth zone (0–10 m) and three on the
bottom of a deep depth zone (10–20 m), for a total of 54 gill
nets (Potter et al. 2015; Fig. 1). Each year on Lake Sharpe,
we placed three gill nets at four locations overnight in a
shallow depth zone – (0–9 m) and three in a deep depth zone

STUDY AREA
Lakes Oahe and Sharpe form the fourth- and fifth-most
upstream reservoirs of the Missouri River located in central
South Dakota. Lake Oahe (150,000 ha) spans from Garrison
Dam (RKM 2236.8) to Oahe Dam (RKM 1725.7), and has a
maximum depth of 62 m. Lake Sharpe (23,020 ha) extends
from Oahe Dam to Big Bend Dam (RKM 1589.1), and has

Figure 1. Gill net and seine sampling locations on Lake
Oahe, South Dakota for white bass from 1985–2015. Figure
adapted from Potter et al. 2015.
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(> 9 m where possible; 24 total; Fig. 2; Greiner et al. 2016).  
We collected age-0 white bass from both reservoirs using
6.4 mm nylon mesh bag seines, measuring 30.5 m × 2.4 m
with a 1.8 m × 1.8 m bag (Greiner et al. 2016).  We used a
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area and month (Stone et al. 1994). We determined angler
catch rate and harvest of white bass on Lake Sharpe using
the same methods as those used on Lake Oahe until 2006.
After 2006, we used angler interviews (n = 1,000 to 2,000
per year) in a modified bus route survey design (Jones and
Robson 1991); bus route sampling locations are documented
in Fincel et al. (2012). We randomly selected variables for
the bus route sampling (i.e., day selection, shift time, route
direction, starting location, route selection; Greiner et al.
2016). Since we were not comparing harvest between the
two reservoirs, we assumed that different methods used to
assess harvest on each reservoir did not affect our primary
results.
Environmental variables

Figure 2. Gill net and seine sampling locations on Lake
Sharpe, South Dakota for white bass from 1985–2015.
Figure adapted from Greiner et al. (2016).
quarter-arc seine haul to collect age-0 fish following methods
described in Martin et al. (1981). Each year, we made four
seine hauls at nine sampling stations on Lake Oahe (36 total
seine hauls) and four sampling stations on Lake Sharpe (16
total seine hauls). We designated adult white bass as stock
length (>150 mm TL) and quality length (> 230 mm total TL;
Gabelhouse 1984).  We measured fish abundance as catch per
unit effort (CPUE) for seine (no./haul) and gill net (no./net
night) catches and used this to monitor white bass age-0 and
adult relative abundance. We averaged the number of age-0
white bass per seine haul by site and lake. Variability reflects
variability between sites (not specific net catches).  We used
standard error (SE) as a measure of sample variability.
Angler catch rate and harvest
We collected Lake Oahe and Lake Sharpe angler catch
data between 1986–2015. We determined white bass angler
catch rate (no./angler/h) and harvest (no./year) from Lake
Oahe using yearly open-water creel surveys (April–October)
patterned after Schmidt (1975) and Soupir et al. (2006).
Sampling included aerial counts of boat and shore anglers
(n = 8 flights per month) to estimate fishing pressure.  We
conducted angler interviews at lake access areas (n = 1,000 to
2,000 per year) to estimate catch and harvest rates. We selected
flight and interview dates using a stratified random design
based on the assumption of different levels of fishing pressure
for weekdays and weekend days/holidays. We assigned lake
access areas for angler interviews using a stratified random
design with probabilities of assignment differing by access

Precipitation (mean mm/month) and air temperature
(mean oC/month) data were obtained from the NOAA
(National Oceanic and Atmospheric Administration) climate
website (NOAA 2018). South Dakota is divided into 9
divisions by NOAA, and the divisional values are weighted
by area to compute statewide values (Karl and Koss 1984).
We acquired peak flow, inflow, and gauge height data from
the USGS (United States Geological Survey) water database
website (USGS 2018). Gauges at Bismarck, ND, and Pierre,
SD, were used for Lakes Oahe and Sharpe, respectively as
they represent the nearest upstream USGS gauging locations.
Seasonal environmental variables were selected for each
month representing the four seasons including Spring (April),
Summer (July), Fall (October), and Winter (January).
Statistical analysis —We used an unpaired t-test to test
for differences between pre-die off (average for 1985-2005
grouped) and post-die off (average for 2006-2015 grouped)
annual samples of age-0 white bass CPUE. Age-0 white bass
CPUE prior to and after the outbreak did not meet normality
assumptions, so were log10 transformed. All annual samples
for adult white bass were grouped into pre-outbreak (19852005) and post-outbreak (2006-2015) for both Lakes Oahe
and Sharpe and were log10 transformed if they did not meet
normality assumptions (Shapiro-Wilk test; Shapiro and Wilk
1965). Due to non-normal data after log10 transformation,
differences between pre-die off (before 2006) and post-die
off (after 2006) adult white bass CPUE, associated length
category (i.e., stock and quality length), and angler catch
rates of white bass were assessed using a Kruskal-Wallis
test (KW test; Blair and Hicks 2012, Amano et al. 2013).
Statistical significance for all analyses was set at α = 0.10.  
We performed all analyses in program R version 3.1.3 (R
Development Core Team 2018).
Information Theoretic Approach
We used an information theoretic approach to assess
which variables best supported trends in age-0 white bass
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abundance. Multiple linear models were used to examine the
variation observed in age-0 and adult white bass abundance
before and after the disease outbreak in both Lakes Oahe and
Sharpe. Three main effects categories were hypothesized to
be related to white bass relative abundance. These include
characteristics of the 1) abundance of adult sport fish as
potential predators for age-0 white bass and competitors
for adult white bass, 2) abundance of prey fish as potential
competitors for age-0 white bass and potential prey for
adult white bass, and 3) seasonal abiotic variables that could
influence production or capture of age-0 or adult white bass.  
Seventeen single parameter candidate models were
developed to encompass these three main categories (Table
1). We then combined logical parameters to create seven
additional multi-parameter candidate models (Table 1) and

used Akaike’s Information Criterion (AICc; Burnham and
Anderson 2002) to determine which model best supported
trends in white bass abundance. We evaluated models prior
to the columnaris disease outbreak (1996–2005) and after the
outbreak (2006–2015).
RESULTS
White bass abundance
Lake Oahe mean age-0 white bass CPUE was significantly
higher following the columnaris outbreak (93.95 fish/haul;
(T29 = -2.04; P = 0.05; 2006–2015) compared to before the
columnaris outbreak (26.20 fish/haul; 1985–2005; Fig. 3).  
Age-0 CPUE remained stable from 1985–2013 and then

Table 1. Model names and terms for candidate models used to explain age-0 and adult white bass recruitment in Lakes Oahe and
Sharpe from 1996 through 2015 (asterisks denote models used only for predicting age-0 white bass abundance).
Model Name
Adult_Pred
Adult_WAE
Adult_WAE + Adult_Pred
**Adult_WTB
Age-0_Fish
Age-0_Fish + Adult_WAE + Adult_Pred
Age-0_GIS
Age-0_Fish + Adult_WAE
Apr_GH
Apr_GH + Apr_P + Apr_T
Apr_P
Apr_T
Jan_GH
Jan_GH + Jan_P + Jan_T
Jan_P
Jan_T
Jul_GH
Jul_GH + Jul_P + Jul_T
Jul_P
Jul_T
Oct_GH
Oct_GH + Oct_P + Oct_T
Oct_P
Oct_T

Model Definition
Adult sport fish abundance (excluding walleye and white bass)
Adult walleye abundance
Adult sport fish abundance (excluding walleye and white bass) + Adult walleye
abundance
Adult white bass abundance
Age-0 fish abundance (excluding gizzard shad and white bass)
Age-0 fish abundance (excluding gizzard shad and white bass) + Adult walleye
abundance + Adult sport fish abundance (excluding walleye and white bass)
Age-0 gizzard shad abundance
Age-0 fish abundance (excluding gizzard shad and white bass) + Adult walleye
abundance
April gauge height
April gauge height + April precipitation + April temperature
April precipitation
April temperature
January gauge height
January gauge height + January precipitation + January temperature
January precipitation
January temperature
July gauge height
July gauge height + July precipitation + July temperature
July precipitation
July temperature
October gauge height
October gauge height + October precipitation + October temperature
October precipitation
October temperature
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Figure 3. (A) Age-0 mean CPUE (Catch Per Unit Effort; from the prey fish survey), (B) ≥ stock-length CPUE, (C) total CPUE,
and (D) ≥ quality-length CPUE (from the gillnet survey) for Lake Oahe and Lake Sharpe white bass from 1985–2015.  Grey bars
represent pre-outbreak (1985–2005) values, and white bars represent post-outbreak (2006–2015) values. Means with the same letter
are not significantly different (Kruskal-Wallis test, P ≤ 0.10).  Error bars represent one standard error of the mean.
increased to 569.0 fish/haul in 2014; however in 2015, age-0
CPUE decreased to 12.50 fish/haul.  Adult white bass CPUE
(χ2 = 4.59; P = 0.03), stock-length CPUE (χ2 = 12.91; P <
0.01), and quality-length CPUE (χ2 = 10.45; P < 0.01) all
decreased following the columnaris outbreak (Fig. 3). Mean
adult CPUE was 7.28 fish/net (range 29.4 fish/net) prior to
the outbreak and 1.41 fish/net (range 3.2 fish/net) after the
outbreak.
Lake Sharpe age-0 CPUE (no./seine haul) remained
similar before and after the columnaris outbreak (T29 = 0.85;
P = 0.39; Fig. 3).  Age-0 CPUE increased to 67.10 fish/haul
in 1993 and peaked again at 74.80 fish/haul in 2008 (Fig. 4).  
Following 2009, age-0 CPUE remained under 23.30 fish/haul
(Fig. 4). From 1986 to 1998, adult CPUE was erratic, peaking
at 2.88 fish/net night in 1990.  Mean age-0 CPUE was 12.07
fish/ haul (range 28.8 fish/haul) prior to the outbreak and 6.91
fish/haul (range 21.3 fish/haul) after the outbreak.
In Lake Sharpe, adult CPUE (χ2 = 7.68; P < 0.01), stocklength CPUE (χ2 = 5.98; P = 0.02), and quality-length CPUE
(χ2 = 6.08; P < 0.01) were all significantly lower following
the columnaris outbreak in 2005 (Fig. 3). Adult CPUE
increased to 3.29 fish/net in 2003 and decreased to 0.04 fish/

net in 2015 (Fig. 4).   Mean adult CPUE was 2.86 fish/net
(range 8.80 fish/net) prior to the outbreak and 0.83 fish/net
(range 2.1 fish/net) after the outbreak.
White bass angler catch rate and harvest.— Lake Oahe
angler catch rates prior to the columnaris outbreak (0.14
fish/angler/h) were higher than after (0.03 fish/angler/h; χ2 =
3.96; P = 0.04), as was angler harvest (χ2 = 5.12; P = 0.02;
Figure 5). Lake Sharpe angler harvest of white bass prior
to the columnaris disease outbreak was higher than after the
outbreak (χ2 = 3.57; P = 0.06) though angler catch rates were
similar between the two periods (χ2 = 0.01; P = 0.93).
Model selection
In general, models including biological variables best
explained abundance of age-0 white bass in Lakes Oahe and
Sharpe. In Lake Oahe, the biological factor model including
age-0 fish abundance and adult walleye abundance was the
most supported model (wi = 0.90, log-likelihood = -39.66,
90% CI = -1.09–-0.55, r2=0.78) for predicting age-0 white
bass abundance prior to the outbreak of columnaris (Table
2). This model was ≥4.98 ∆AICc and weight of evidence
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Figure 4. White bass CPUE (catch per unit effort) for A) Lake Oahe age-0 white bass, B) Lake Oahe adult white bass, C) Lake
Sharpe age-0 white bass and D) Lake Sharpe adult white bass between 1995–2015 for Lake Oahe and Lake Sharpe. The dotted
vertical line denotes the 2006 columnaris disease outbreak. Error bars represent one standard error.

Figure 3. (A) Mean annual angler harvest (no./year) and (B) catch rate (no./angler hour) for Lake Oahe and Lake Sharpe white
bass from 1985–2015. Grey bars represent pre-outbreak (1985–2005) values, and white bars represent post-outbreak (2006–2015)
values.  Means with the same letter are not significantly different (Kruskal-Wallis test, P ≤ 0.10).  Error bars represent one standard
error of the mean.
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Figure 4. White bass CPUE (catch per unit effort) for A) Lake Oahe age-0 white bass, B) Lake Oahe adult white bass, C) Lake
Sharpe age-0 white bass and D) Lake Sharpe adult white bass between 1995–2015 for Lake Oahe and Lake Sharpe. The dotted
vertical line denotes the 2006 columnaris disease outbreak. Error bars represent one standard error.
supporting this model was 11.99 times greater than the next
supported model.   Additionally, age-0 fish abundance in
combination with adult walleye abundance and adult predator
abundance (wi = 0.08, log-likelihood = -39.53, 90% CI =
0.03–0.06, r2=0.77) and singularly (wi = 0.02, log-likelihood
= -45.43, 90% CI = 24.12–42.85, r2=0.47) exhibited support.
However, the January environmental model (wi = 0.49,
log-likelihood = -54.91, 90% CI = 47.84-285.57, r2=0.82)
best explained age-0 white bass abundance following the
columnaris outbreak (Table 2).  This model was ≥1.29 ∆AICc
and weight of evidence supporting this model was 1.90
times greater than the next supported model. Moreover,
environmental variables were included in three of the five top
models for predicting age-0 white bass abundance following
the outbreak in Lake Oahe.
In Lake Sharpe, age-0 fish abundance (wi = 0.55, loglikelihood = -36.29, 90% CI = -3.36–1.40, r2=0.38), January
temperature (wi = 0.15, log-likelihood = -37.61, 90% CI =
-0.74–2.49, r2=0.22) and January precipitation (wi = 0.12,
log-likelihood = -37.85, 90% CI = -24.65–18.90, r2=0.19)
best explained age-0 white bass abundance prior to the
outbreak, although the October gauge height (wi = 0.10,

log-likelihood = -38.00, 90% CI = -3.41–3.71, r2=0.17) and
age-0 fish abundance coupled with adult walleye abundance
(wi = 0.09, log-likelihood = -36.16, 90% CI = -0.05–0.14,
r2=0.37) models also showed some support (Table 3). The
age-0 fish abundance model was ≥2.64 ∆AICc and weight of
evidence supporting this model was 3.74 times greater than
the next supported model. After the columnaris outbreak on
Lake Sharpe, April precipitation (wi = 0.41, log-likelihood
= -33.27, 90% CI = -8.42–2.86, r2=0.25) showed the most
support for predicting age-0 white bass abundance (Table
3).   This model was ≥1.70 ∆AICc and weight of evidence
supporting this model was 2.34 times greater than the next
supported model. However, similar to Lake Oahe, models
that included environmental variables (i.e., April gauge
height (wi = 0.16, log-likelihood = -34.18, 90% CI = -4.98–
7.42, r2=0.13)), July precipitation (wi = 0.13, log-likelihood
= -34.43, 90% CI = -1.59–4.89, , r2=0.09) and October
temperature (wi = 0.12, log-likelihood = -34.46, 90% CI =
-0.45–1.33, r2=0.09) showed modest support for predicting
age-0 white bass abundance on Lake Sharpe (Table 3).
In both Lakes Oahe and Sharpe, the most supported
models for explaining adult abundance exhibited a notable
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Table 2. Model selection results from 24 candidate models predicting age-0 white bass abundance in Lake Oahe, South Dakota,
USA, from 1996 through 2015.  Included are the top five models in the analyses with the number of estimated parameters (K),
second order Akaike’s Information Criterion (AICc), difference in AIC values relative to the best model (ΔAICc), and Akaike
weights (wi). Model parameter descriptions are included in Table 1.
Model
Pre-Outbreak
Age-0_Fish + Adult_WAE
Age-0_Fish + Adult_WAE + Adult_Pred
Age-0 Fish
Apr_P
Oct_P
Post-Outbreak
Jan_GH+ Jan_P+ Jan_T
Age-0_Fish
Age-0_Fish + Adult_WAE
Jul_GH+ Jul_P+ Jul_T
Jan_GH

K

AICc

∆AIC

wi

4
5
3
3
3

90.755
95.734
98.364
102.063
102.283

0.000
4.979
7.609
11.308
11.528

0.899
0.075
0.020
0.003
0.003

5
3
4
5
5

127.824
129.110
130.390
131.209
133.816

0.000
1.286
2.566
3.385
5.992

0.491
0.258
0.136
0.090
0.025

Table 3. Model selection results from 24 candidate models predicting age-0 white bass abundance in Lake Sharpe, South Dakota,
USA, from 1996 through 2015.  Included are the top five models in the analyses with the number of estimated parameters (K),
second order Akaike’s Information Criterion (AICc), difference in AIC values relative to the best model (ΔAICc), and Akaike
weights (wi). Model parameter descriptions are included in Table 1.
Model
Pre-Outbreak
Age-0_Fish
Jan_T
Jan_P
Oct_GH
Age-0_Fish + Adult_WAE
Post-Outbreak
Apr_P
Adult_WAE
Apr_GH
Jul_P
Oct_T

K

AICc

∆AIC

wi

4
5
3
3
5

80.086
82.722
83.203
83.495
83.752

0.000
2.636
3.117
3.409
3.666

0.550
0.147
0.116
0.100
0.088

3
3
3
3
3

74.034
75.738
75.863
76.360
76.421

0.000
1.704
1.829
2.326
2.387

0.409
0.175
0.164
0.128
0.124
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change following the columnaris outbreak. Prior to the
columnaris outbreak on Lake Oahe, age-0 fish abundance
(wi = 0.03, log-likelihood = -35.07, 90% CI = -4.46–11.87,
r2=0.41), adult walleye abundance (wi = 0.06, log-likelihood
= -34.28, 90% CI = -3.86–1.01, r2=0.49) and other adult
sport fish abundance (wi = 0.08, log-likelihood = -34.10,
90% CI = -3.81–1.07, , r2=0.50) were three variables found
singularly or in combination with each other in all of the top
five models (Table 4).  The biological model including age0 fish abundance coupled with adult walleye abundance and
adult predator abundance (wi = 0.50, log-likelihood = -27.65,
90% CI = -0.01–0.02, r2=0.80) was the top model explaining
adult white bass abundance prior to the outbreak. This model
was ≥0.80 ∆AICc and weight of evidence supporting this
model was 1.49 times greater than the next supported model.
However, following the columnaris outbreak on Lake Oahe,
July gauge height (wi = 0.98, log-likelihood = -2.14, 90% CI
= 0.07–0.19, r2=0.86) was the most supported model, with
all other models showing little support for predicting adult
white bass abundance on Lake Oahe (Table 4). The July
gauge height model was ≥9.68 ∆AICc and weight of evidence
supporting this model was 122.88 times greater than the next
supported model.
Prior to the columnaris outbreak on Lake Sharpe, January
gauge height (wi = 0.23, log-likelihood = -23.63, 90% CI
= -2.68–1.62, r2=0.18), July precipitation (wi = 0.21, loglikelihood = -23.71, 90% CI = -3.95–2.41, r2=0.17), April
temperature (wi = 0.20, log-likelihood = -23.74, 90% CI =
-0.42–0.69, r2=0.17) and adult predator abundance (wi =
0.20, log-likelihood = -23.75, 90% CI = -0.51–0.49, r2=0.17)
were the most supported models for explaining adult white
bass abundance (Table 5). All four of these models were
similarly supported in explaining adult white bass abundance
prior to the outbreak, only ≥0.24 ∆AICc apart. Additionally,
July temperature (wi = .16, log-likelihood = -23.99, 90%
CI = -0.73–1.02, r2=0.13) was found in the remaining most
supported model. However, following the columnaris
outbreak on Lake Sharpe, April gauge height (wi = 0.50, loglikelihood = -9.31, 90% CI = -1.42–0.08, r2=0.46), January
gauge height (wi = 0.34, log-likelihood = -9.70, 90% CI =
-2.47–1.13, r2=0.42) and October gauge height (wi = 0.09,
log-likelihood = -11.03, 90% CI = -0.46–0.20, r2=0.27) were
the most supported models to explain adult white bass relative
abundance (Table 5) and four of the top five models included
environmental variables. The April gauge height model was
≥0.78 ∆AICc and weight of evidence supporting this model
was 1.47 times greater than the next supported model.
DISCUSSION
Prior to a white bass die-off, only models with biological
factors (i.e., adult walleye abundance, adult sport fish
abundance and age-0 fish abundance) showed strong support
for explaining age-0 white bass CPUE on both reservoirs (as
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well as January temperature and precipitation and October
gauge height on Lake Sharpe). Biotic factors (bluegill
[Lepomis macrochirus] CPUE, black crappie [Pomoxis
nigromaculatus] CPUE, age-0 walleye CPUE, and age 3+
white bass CPUE) have been found to have more importance
than an abiotic factor in a candidate model set for explaining
age-0 white bass CPUE (Deboer et al. 2013). Biological
factors (e.g., predation) have been found to have an increased
impact on striped bass abundance when such abundances are
low (Buckel et al. 1999). However, with a smaller population
size, environment factors are likely playing a larger role in
dictating white bass abundance in our study systems. Quist
et al. (2003) proposed a biotic-abiotic confining hypothesis to
explain a similar relationship between age-0 walleye CPUE
and 130- to 199-mm white crappie (Pomoxis annularis] CPUE
in Kansas reservoirs. At low abundances, abiotic factors play
a larger role in regulating age-0 white crappie CPUE, while
biological factors have been found to play a larger role in
regulating age-0 crappie CPUE at high abundances (Quist
et al. 2003). It is possible that this is happening with age-0
white bass abundance in Lakes Oahe and Sharpe.
Despite high reproductive output, it appears these year
classes have struggled to recruit to the fishery as suggested
by the low adult CPUE in subsequent years. Previous
research has found age-0 white bass CPUE to be positively
related to precipitation and temperature (Pope et al. 1997),
while others have found negative relationships between age0 white bass abundance and these two variables (Beck et al.
1997). Temperature has been found to be positively related
with hatch dates of white bass (Quist et al. 2002). Most of the
columnaris disease-induced white bass mortalities in Lake
Oahe during the 2005 die-off were observed in fish between
254–406 mm (Lott et al. 2005). It is possible that low levels
of remaining columnaris disease infections (coupled with
increased susceptibility of larger individuals to the outbreak,
and/or smaller individuals to predation) is resulting in
decreased adult white bass survival. However, no outbreaks
have been identified since the 2006 outbreak.  
Predation may also play a role in limiting the recovery of
the Lake Oahe and Lake Sharpe white bass populations. White
bass are a common diet item for walleye (Fincel et al. 2014)
and smallmouth bass (Fincel et al. 2019) in both reservoirs.
Additionally, smallmouth bass abundance has increased in
both Lake Oahe and Lake Sharpe over the 1995-2015 period
and could be influencing recruitment of abundant age-0 white
bass (Fincel et al. 2015). Together, these two apex predators
could be limiting white bass recruitment in Lake Oahe and
Lake Sharpe. Regardless of the cause, drastically reduced
angler catch rates and harvest remain on Lake Oahe and Lake
Sharpe over a decade following the die-off.
Post die-off, primarily models with environmental
factors (i.e., January and July gauge height, precipitation and
temperature for Lake Oahe, April precipitation and gauge
height, July precipitation and October temperature for Lake
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Table 4. Model selection results from 24 candidate models predicting adult white bass abundance in Lake Oahe, South Dakota,
USA, from 1996 through 2015.  Included are the top five models in the analyses with the number of estimated parameters (K),
second order Akaike’s Information Criterion (AICc), difference in AIC values relative to the best model (ΔAICc), and Akaike
weights (wi). Model parameter descriptions are included in Table 1.
Model
Pre-Outbreak
Age-0_Fish + Adult_WAE + Adult_Pred
Age-0_Fish + Adult_WAE
Adult_Pred
Adult_WAE
Age-0_Fish
Post-Outbreak
Jul_GH
Jul_GH + Jul_P + Jul_T
Jan_P
Adult_WAE
Adult_WAE + Adult_Pred

K

AICc

∆AICc

wi

5
4
3
3
3

71.965
72.763
75.703
76.064
77.645

0.000
0.798
3.738
4.099
5.680

0.497
0.333
0.077
0.064
0.029

3
5
3
3
4

11.991
21.671
22.684
23.231
25.289

0.000
9.680
10.693
11.240
13.298

0.983
0.008
0.005
0.004
0.001

Table 5. Model selection results from 24 candidate models predicting adult white bass abundance in Lake Sharpe, South Dakota,
USA, from 1996 through 2005.  Included are the top five models in the analyses with the number of estimated parameters (K),
second order Akaike’s Information Criterion (AICc), difference in AIC values relative to the best model (ΔAICc), and Akaike
weights (wi). Model parameter descriptions are included in Table 1.
Model
Pre-Outbreak
Jan_GH
Jul_P
Apr_T
Adult_Pred
Jul_T
Post-Outbreak
Apr_GH
Jan_GH
Oct_GH
Jul_P
Age-0_Fish

K

AICc

∆AICc

wi

3
3
3
3
3

54.763
54.917
54.981
54.999
55.478

0.000
0.154
0.218
3.409
0.715

0.227
0.210
0.203
0.202
0.159

3
3
3
3
3

26.124
26.899
29.557
31.572
31.735

0.000
0.775
3.433
5.448
5.611

0.504
0.342
0.091
0.033
0.031
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Sharpe) showed strong support for explaining age-0 white
bass CPUE on both reservoirs.   High flushing rates, low
discharge and warmer June/July air temperatures on Lake
Oahe, and cooler January/April/May air temperatures, low
discharge and lower inflow on Lake Sharpe have been found
to be positively related to age-0 white bass abundance (Beck
et al. 1997). Age-0 white bass abundance has been found
to be positively correlated with mean daily April/June air
temperature and precipitation in small South Dakota lakes
(Pope et al. 1997). It could be that we found models with
April precipitation (but not April temperature) to be strongly
supported in explaining age-0 white bass abundance because
of system-size dependent factors.
Before the die-off, only biological factors (i.e., age-0 sport
fish abundance, adult walleye abundance, and adult predator
abundance) singularly or in combination showed strong
support for explaining adult white bass abundance on Lake
Oahe. On Lake Sharpe, only a single biological variable
showed strong support for explaining adult abundance (adult
predator abundance). Prior research has found both age-0
and adult white bass abundance decreased due to predation
on early life stages in the presence of another adult predator,
white perch (Morone americana; Madenjian et al. 2000).
It seems that post die-off, adult predator abundance is still
affecting age-0 and adult white bass abundance, but not to
the extent as environmental factors such as July gauge height,
precipitation and temperature and January precipitation on
Lake Oahe.
Post die-off, primarily models with environmental factors
(i.e., January precipitation and July gauge height, precipitation
and temperature for Lake Oahe, April precipitation and gauge
height, July precipitation and October temperature for Lake
Sharpe) showed strong support for explaining adult white
bass CPUE on both reservoirs. The single biological factor
model decreased in weight post-outbreak compared to prior
to the outbreak.  April inflow has been found to be positively
related to year-class strength of age-1 white bass in Virginia
reservoirs (DiCenzo and Duval 2002).  Inflow increases with
increased precipitation and gauge height, so it is reasonable
that we found models with April precipitation and gauge
height to be strongly supported in explaining adult white bass
abundance.
Mitigation of factors negatively related with age-0 and
adult white bass abundance should be considered now that
environmental factors have a stronger influence post outbreak
than prior outbreak. A previous study on the four mainstem
Missouri River reservoirs in South Dakota found positive
relationships between April inflow and white bass abundance,
contrary to our findings (Beck et al. 1997).   Spring inflow
was positively related with age-0 white bass CPUE in 3 of
16 Kansas reservoirs studied between 1981-2000 (Schultz et
al. 2002). Quist et al. (2002) found a positive relationship
between mean inflow and frequency of white bass hatch dates
on Glen Elder Reservoir, KS. We found April precipitation to
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be related to age-0 white bass abundance, similarly to prior
research (Pope et al. 1997). Although precipitation cannot be
modified, inflow can likely be modified to maximize age-0
white bass abundance
Management implications of our findings are relevant in
the Midwest and in any water that has white bass die-offs.
Aquatic resource professionals can use data on conditions
conducive to a die-off to liberalize harvest regulations for an
at-risk species, maximizing the fishing opportunities prior to
a die-off.  Although all freshwater fish species are probably
susceptible to columnaris disease (Wakabayashi 1991),
fisheries can be managed to ensure that fishing opportunities
exist in the event of a die-off. For instance, if Lake Oahe’s
white bass fishery collapsed, other sport fisheries could be
exploited to mitigate the economic impact of decreased
fishing opportunities on the reservoir.  Management should
shift to maximizing fisheries for non-affected species after
a die-off, because recovery of an affected species after a
die-off can take decades. Also, treated feeds and chemical
baths may be feasible methods for reducing the lethality
and recovery time following a die-off in small water bodies
and in aquaculture operations. However, in large reservoirs,
further research is necessary to develop feasible methods for
mitigating the impacts of columnaris disease on white bass
angler harvest.
Our research illustrates potential management
opportunities when annual angler harvest has been decreased
after a white bass die-off. Managers need to thoroughly
document conditions and factors when die-offs occur to
increase understanding.
Simply documenting die-offs
alone will provide insight into patterns, allowing managers
to forecast the frequency with which die-offs of white bass
may occur in their management areas. In addition, managers
need to attempt to mitigate the impact of die-offs, so that
strategies regarding the mitigation of impacts of die-offs can
be developed. Research also needs to be directed into what
factors affect age-0 recruitment to catchable adult sizes postoutbreak. Although we examined relationships with age0 and adult abundances of white bass, we did not directly
investigate the mechanisms with which factors affect such
abundances.
MANAGEMENT IMPLICATIONS
We found that a columnaris outbreak did not negatively
affect age-0 white bass abundance in Lake Oahe or Lake
Sharpe, but did negatively affect adult white bass abundance
and angler harvest on both reservoirs. Columnaris outbreaks
could negatively affect age-0 white bass recruitment
to adulthood. Further, we found that the relative role
environmental and biological factors play was potentially
altered by a columnaris outbreak. It seems that at reduced
abundance, environmental factors play a greater role than
biological factors in dictating both age-0 and adult white bass
abundance.
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Suitability of single-pass backpack electrofishing to estimate fish abundance
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ABSTRACT Electrofishing is commonly used by fisheries professionals to assess fish assemblage structure and species
abundance in streams. Accurate estimates of fish abundance and, consequently assemblage metrics, are typically generated with
mark-recapture or maximum-likelihood depletion techniques, but doing so requires considerable sampling effort. Less intensive
sampling approaches may be beneficial to fisheries managers, particularly in cases where frequent sampling of many streams is
preferred. We used regression and Spearman rank-order correlation analyses to compare species catch rates and the assemblage
metrics generated from single-pass electrofishing samples with multiple-pass depletion abundance estimates in Nebraska streams.
We examined the influence of instream habitat features on the regression residuals to further examine the effectiveness of singlepass electrofishing. Our results suggest that single-pass electrofishing is suitable for wadeable prairie streams with relatively little
habitat diversity. With few exceptions, fish species were detected and captured in similar quantities regardless of electrofishing
effort, suggesting that single-pass sampling can be used to quickly assess species occurrence and relative abundance. The singleand multiple-pass electrofishing methods generated slightly different values for each assemblage metric; however, these values
were not significantly different. Abundance was over- or underestimated in areas where certain species were congregated (e.g.,
overhanging vegetation: Red Shiner Cyprinella lutrensis, Bigmouth Shiner Notropis dorsalis, large substrates: Stonecat Noturus
flavus, and darters) or difficult to sample (e.g., woody debris: Largemouth Bass Micropterus salmoides and Western Mosquitofish
Gambusia affinis) using only one electrofishing pass. Single-pass electrofishing offers a reliable alternative to the more intensive
multiple-pass depletion techniques; however, caution should be applied in difficult to sample areas with unique habitats.
KEY WORDS: backpack electrofishing, catch rates, depletion, multiple-pass, wadeable streams.
Methods that adequately sample fish assemblage
structure are to effectively assess stream fish communities.
Reliable appraisals of stream fish assemblages are necessary
to monitor spatial and temporal population dynamics and
identify changes to relative abundances of individual species
(Reynolds et al. 2003, Reid et al. 2009, Peoples and Frimpong
2011). Although many gears and approaches are available
to sample fishes, electrofishing is the most commonly used
sampling gear in streams (Larimore 1961, Kruse et al.
1998, Bertrand et al. 2006, Rabeni et al. 2009). Abundance
estimates and descriptions of fish assemblage structure (i.e.,
richness, evenness, diversity) are typically generated using
mark-recapture (Pine et al. 2012) or maximum-likelihood
depletion techniques which require multiple electrofishing
passes at a reach (Zippin 1956, Ricker 1975, White et al.
1982, Price and Peterson 2010). However, these multi-sample
protocols are time consuming, can stress stream ecosystems,
and may not describe populations and assemblages better
than more rapid methods (Reynolds et al. 2003, Peterson et
al. 2004, Peoples and Frimpong 2011, Pritt and Frimpong
2014).

Because resources are commonly limited for stream
fisheries evaluations, less intensive alternatives (i.e., singlepass electrofishing) are being used more frequently (Jones
and Stockwell 1995, Kruse et al. 1998, Patton et al. 2000,
Bertrand et al. 2006, Peoples and Frimgong 2011). Single-pass
electrofishing may allow fisheries managers to characterize
fish assemblages across larger spatial areas or with increased
frequency. Although several studies have evaluated the
suitability of single-pass electrofishing in different regions
and habitats (Jones and Stockwell 1995, Kruse et al. 1998,
Edwards et al. 2003, Bateman et al. 2005, Bertrand et al.
2006, Reid et al. 2009, Peoples and Frimpong 2011), this
effectiveness has been rarely tested for small streams in the
Great Plains. Before single-pass estimations can be used on
a broader scale, research is needed to determine whether
these methods are effective in prairie stream environments
(Simmons and Lyons 1995, Pusey et al. 1998, Meador 2003,
Bertrand et al. 2006, Peoples and Frimpong 2011, Vehanen
et al. 2012).
To better understand the applications of single-pass
electrofishing in diverse prairie streams, we: (1) investigated
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the relationship between individual species and taxonomic
group catch rates and the assemblage metrics generated
from single-pass electrofishing samples and multiple-pass
depletion abundance estimates; and (2) described the relative
influence of instream habitat variability on the effectiveness
of single-pass sampling. To be effective, single-pass
electrofishing must detect a majority of the species present
and provide accurate relative abundance estimates for
individual species in diverse habitats.
METHODS
We sampled 18 wadeable prairie stream reaches across
Nebraska from July – August 2011 to describe the local
fish assemblage (Fig. 1). Four stream reaches were sampled
twice during the study for a total of 22 sampling events. The
repeated sampling events were considered independent, as
they were conducted >14 days following the first sampling
effort. Each sampling reach was delineated as 40 times the
average
stream
widthElectrofishing
measured at five randomly
Kauth etwetted
al. • Prairie
Stream
selected points; however, a minimum of 150 m and
maximum of 300 m was established (Patton et al. 2000,
Reynolds et al. 2003). Fixed block-nets were established at
the up- and downstream endpoints of the sampling reaches.
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Multiple-pass (up to four passes), depletion sampling without
replacement was conducted, and sampling was terminated
when no new species were captured during a pass. The
first pass was used to represent a single-pass electrofishing
effort. Depletion abundance estimates were generated
from the number of individuals removed during successive
passes using the FSA (Fisheries Stock Analysis) package
developed by Ogle (2018). All sampling protocols followed
those described and approved by the Institutional Animal
Care and Use Committee at the University of Nebraska at
Kearney (Approval #041100).
We quantified aspects of instream habitat that we
hypothesized influence fish immobilization, detection, and
collection during electrofishing to examine the relative
importance of these factors on the effectiveness of singlepass electrofishing (Bain and Sorenson 1999). We measured
instream habitat characteristics along 11 equally spaced
transects at each stream reach during every sampling event.
Along each transect, we measured wetted width (m), depth
(cm), and water velocity (cm/s) at five equally spaced points.
Water velocity was measured at the water’s surface and at
60% of the water’s depth at each point. The availability of
cover habitats (i.e., aquatic macrophytes, small and large
woody debris, and overhanging vegetation) was visually

391
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Figure
of the wadeable prairie streams in Nebraska used to assess single-pass electrofishing effectiveness to describe
Figure1.  Locations
1.
species abundance and fish assemblage structure.
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estimated within 15 equally spaced sections along each
transect and rated using a standard categorical scale: 0
(absent, 0%), 1 (sparse, <10%), 2 (moderate, 10–40%),
3 (heavy, 41–75%), and 4 (very heavy, >75%). Substrate
coarseness was visually estimated in the same 15 sections
as the percentage composition of silt/muck (<0.06 mm),
sand (0.06–2.00 mm), and larger substrates (>2.00 mm).
Substrate values were averaged among transects to describe
the percent of each substrate class at each sampling site.
Means (± one standard error [SE]) were calculated for each
continuous environmental variable, whereas median and the
range of values were used to characterize each cover habitat
index at each sampling reach during each visit.
We used linear regression to compare single-pass
electrofishing catch rates (catch/m2) to the abundance
estimates from multiple-pass sampling (fish/m2) for each
individual species and, in rare, combined species taxonomic
group. Models with positive slopes that differed significantly
from zero indicated a significant relationship between singlepass catch rates and multiple-pass abundance estimates.
Fish species that were encountered during fewer than five
sampling events (<25% of samples) were not evaluated using
the species-specific regression analyses; however, data for
closely related species were combined when possible. Catch
information on all Etheostomine darters was combined
as each species of this genus was captured infrequently.
A logarithmic transformation was applied to catch rate,
estimated abundance, and cover habitat data to produce
frequency distributions that better approximated normality.
We also compared Shannon-Diversity, evenness, and
richness between single- and multiple-pass sampling efforts
using Spearman rank-order correlation (Bertrand et al. 2006).
These assemblage metrics were calculated using all capture
data, including rare species that were captured at fewer
than five sites. Linear regression was used to characterize
the influence of each environmental parameter on the
relationship between single-pass catch rates and multiplepass abundance estimates. In this analysis, the studentized
residuals from each species- or taxon-specific relationship
was the response variable and the habitat features were the
independent variables. Analyses were conducted using the
SAS statistical software (SAS version 9.3). Significance was
determined at α = 0.05 for each individual species- or taxonspecific hypothesis.  
RESULTS
The morphology and the availability of habitats that
could influence electrofishing efficiency varied among
the sampling reaches. Although the stream reaches were
generally shallow (mean ± 1 SE: 28.8 ± 2.86 cm), the
wetted widths ranged from relatively narrow (minimum:
1.5 m) to wide (maximum: 44.2 m). Mean discharge was
generally low (mean ± 1 SE: 3.1 ± 0.98 cm3 sec-1) at the
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predominately shallow and slow-moving streams reaches
we sampled. The stream banks at each sampling site were
incised (mean ± 1 SE: 47.4 ± 3.90 degrees). Sand (mean ± 1
SE: 66.1 ± 8.06%) and other fine substrates (mean ± 1 SE:
32.2 ± 3.01%) dominated the benthic areas of most sampling
reaches, and larger substrates were relatively rare (<2%).
Aquatic macrophytes (median index: 1.3, range: 0 – 3.6) and
overhanging riparian vegetation (median index: 1.8, range:
0.1 – 3.3) cover was moderate (i.e., 10–40% coverage) at
most sampling reaches; however, both habitat features were
nearly absent and considered heavy (i.e., 41 – 75%) at some
stream reaches. Woody debris was relatively uncommon
at each stream (median index: 1.0, range: 0 [absent] – 3.0
[heavy]), but was present 95% of the sampling events.
The number of electrofishing passes required to the
deplete the local fish population varied among sampling
reaches (mean ± 1 SE: 2.5 ± 0.12 passes) and the electrofishing
effort differed slightly among subsequent passes at each site
(mean ± 1 SE: 1,017 ± 74.1 s). In total, we captured 6,978
individuals, of which 68% were captured during the first
electrofishing pass. We captured 37 species from 10 families
across all stream reaches sampled (Table 1). Twenty species
were encountered during too few (i.e., <5) sampling events
to generate reliable regression parameter estimates and were
excluded from the single-species analyses (Table 1). We
were unable to generate depletion abundance estimates for
7.4% of capture sequences the rarest species with seemingly
low detection probabilities (i.e., 0 captured on first pass) and
for 3.7% of capture sequences for very abundant species with
populations that we did not deplete. Ultimately, we were
able to compare single-pass catch rates and multiple-pass
abundance estimates for 88.9% of capture events.
Significant relationships were found between single-pass
catch rates and multiple-pass abundance estimates for most
(~89%) individual fish species and Etheostomine darters (R2
range: 0.67 – 0.99; Table 1). However, abundance estimates
from single-pass electrofishing efforts were not significantly
related to those from multiple-pass estimates for Longnose
Dace Rhinichthys cataractae (F1, 4 = 5.1, P = 0.11, R2 = 0.50)
and Stonecat Noturus flavus (F1, 5 = 6.7, P = 0.06, R2 = 0.53).
Although fish community metrics generated from singlepass catch data and multiple-pass abundance estimates
differed, the magnitude of the differences were not significant
(Fig. 2). Richness estimates from single-pass electrofishing
efforts were lower than multiple-pass estimates during
~41% of the samples. The difference in richness estimates
was generally small (mean ± 1 SE: 0.73 ± 0.23, range: 1
– 4 species), and estimates from both sampling methods
were significantly related (r = 0.93, P < 0.01). Assemblage
evenness was estimated, on average, to be ~6.1% higher when
using only the single-pass data (Fig. 2); however, the values
generated from the different electrofishing methods were
significantly related (r = 0.79, P < 0.01). Similarly, estimates
of Shannon-Diversity were approximately 3.0% higher (Fig.
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Table 1.  Relationships between single-pass electrofishing catch rates (catch per m2) and depletion abundance estimates (fish per
m2) for fish captured throughout Nebraska. Regression parameters are back-transformed as raw data was transformed using a
logarithmic function in order to approximate a normal distribution of the data.
Common Namea
Cyprinidae
Bigmouth Shiner
Brassy Minnow
Common Carp
Creek Chub
Fathead Minnow
Longnose Dace
Red Shiner
Catostomidae
River Carpsucker
White Sucker
Ictaluridae
Channel Catfish
Stonecat
Fundulidae
Plains Topminnow
Poeciliidae
Western Mosquitofish
Centrachidae
Bluegill
Green Sunfish
Largemouth Bass
Percidae
Darters

Number of Sites

Intercept

Slope

R2

F value

P value

Notropis dorsalis
Hybognathus hankinsoni
Cyprinus carpio
Semotilus atromaculatus
Pimephales promelas
Rhinichthys cataractae
Cyprinella lutrensis

9
10
14
10
19
5
10

23.5
2.9
1.8
2.1
1.7
30.9
2.9

19.9
13.6
10.6
11.0
9.6
19.5
9.9

0.92
0.88
0.94
0.95
0.92
0.50
0.67

94.5
64.4
188.9
160.7
203.3
5.1
19.1

<0.01
<0.01
<0.01
<0.01
<0.01
0.11
<0.01

Carpiodes carpio
Catostomus commersonii

5
9

1.5
2.0

11.0
10.4

0.99
0.93

1623.0
101.7

<0.01
<0.01

Ictalurus punctatus
Noturus flavus

6
6

0.3
0.4

6.5
6.9

0.85
0.53

28.9
6.7

<0.01
0.06

Fundulus sciadicus

7

1.1

8.6

0.98

264.5

<0.01

Gambusia affinis

7

1.8

9.9

0.89

76.4

<0.01

Lepomis macrochirus
Lepomis cyanellus
Micropterus salmoides

7
13
9

6.3
3.0
3.5

0.97
0.97
0.90

208.5
359.9
74.2

208.5
359.9
74.2

<0.01
<0.01
<0.01

Etheostoma spp.

9

2.0

10.4

0.93

101.7

<0.01

Species

Twenty species were captured during fewer than 5 sampling events are were not included in regression analyses to describe the
relationship between single-pass and depletion methods. These species are: Black Bullhead, Brook Stickleback, Brown Trout,
Central Stoneroller, Emerald Shiner, Flathead Chub, Gizzard Shad, Grass Pickerel, Iowa Darter, Johnny Darter, Longnose Sucker,
Northern Pike, Orangethroat Darter, Plains Killifish, Rainbow trout, Redear Sunfish, Shorthead Redhorse, Western Silvery Minnow,
Yellow Bullhead, and Yellow Perch.
a

2), but statistically equivalent, between the single-pass data
and the multiple-pass estimates (r = 0.90, P < 0.01).
The accuracy of single-pass electrofishing was influenced
by local habitat features for only six (33.3%) species (Table
2). Increased densities of woody debris in the sampling
reach resulted in underestimates of Western Mosquitofish
Gambusia affinis (F1, 5 = 9.4, P = 0.03) and Largemouth Bass
Micropterus salmoides (F1, 7 = 5.3, P = 0.05) abundance (Table
2). Our catch data tended to overestimate the abundances
of Red Shiner Cyprinella lutrensis (F1, 8 = 36.4, P < 0.01;
Table 2) and Bigmouth Shiner Notropis dorsalis (F1, 7 = 5.6,
P = 0.05; Table 2) within instream reaches with abundant
overhanging vegetation. The abundances of darter species
(F1, 5 = 32.9, P < 0.01) and Stonecat (F1, 4 = 38.8, P < 0.01)
were overestimated in areas with higher percentages of large
substrates (Table 2).

DISCUSSION
We demonstrated that it may be possible to use single-pass
electrofishing in wadeable prairie streams with relatively
little habitat diversity in place of depletion sampling efforts
that require multiple passes. Although many standardized
sampling protocols require multiple electrofishing passes
to effectively estimate population parameters (Kruse et al.
1998, Kennard et al. 2006, Rabeni et al. 2009), we generated
similar estimates of fish density for most species regardless
of the number of electrofishing passes. Additionally, the
single-pass and multiple-pass depletion electrofishing
methods resulted in similar values for the assemblage
metrics. Although our research demonstrates that singlepass electrofishing may be a suitable alternative for many
prairie stream fishes in Nebraska, caution should be applied
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Figure 2. Relationship between ranked species richness
(top), evenness (middle), and Shannon-Diversity (bottom)
estimated from single-pass and multiple-pass depletion
electrofishing samples collected from wadeable prairie
streams across Nebraska. Spearman rank correlations are
shown for single-pass versus multiple-pass estimates (open
circles, solid least-squares line) and the dotted line represents
the 1:1 relationship.
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if targeting certain species in relatively heterogeneous
habitats.
Care should be taken when using single-pass
electrofishing methods to describe the population structures
of some species that are difficult to detect as the accuracy
may be influenced by inherent differences in their population
abundances, physical characteristics, behaviors, or habitat
preferences (Rabeni et al. 2009, Reid and Haxton 2017).
For example, single-pass electrofishing failed to accurately
estimate Longnose Dace and Stonecat abundances in the
current study. Although these species occurred during
>20% of the sampling events, neither were captured in high
abundances and often the number of individuals captured
varied little among electrofishing passes. Both species are
cryptic, with color patterns similar to the benthic habitats
they occupy (Mullen and Burton 1995, Armbruster and
Page 1996). Although Stonecat and other madtom species
(Noturus spp.) are commonly considered difficult to sample
in wadeable streams due to their reclusive (Shearer and Berry
2003, Gibson-Reinemer et al., 2016, Reid and Haxton 2017),
comparable single-pass electrofishing efforts for Longnose
Dace have largely provided more accurate depictions of
abundance (Peoples and Frimpong 2011, Reid and Haxton
2017).
Our inability to capture individuals of present species
and tendencies to over- and underestimate the abundances
of relatively rare and very abundant species with single-pass
electrofishing likely influenced our estimates of assemblage
composition (Simonson and Lyons 1995, Pusey et al. 1998,
Meador et al. 2003). Similar to research conducted in different
regions, each of our estimates of assemblage structure were
only slightly influenced by the number of electrofishing
passes (Edwards et al. 2003, Meador et al. 2003, Bertrand
et al. 2006, Reid et al. 2009, Vehanen et al. 2012). However,
despite relatively few species (~15) occupying the sampled
streams, we were not always able to collect at least one
representative of each species on the first pass. On average,
about one species was missed during the first electrofishing
pass; however, for some sampling events, this number
was as high as four. Typically, the missed species were
small (e.g., Brook Stickleback Culaea inconstans), benthic
(e.g., darters), cryptic (e.g., Stonecat), or occupied midchannel habitats (e.g., Flathead Chub Platygobio gracilis
and Shorthead Redhorse Moxostoma macrolepidotum).
Imperfect detection of riverine species during rapid
sampling exercises is commonly noted and creates concern
for assessing populations with fewer electrofishing passes
(Peoples and Frimpong 2011, Reid and Haxton 2017). If
species are not encountered on the first electrofishing pass
or populations of common species are not depleted during
subsequent passes, the generated abundance estimates are
unreliable. No matter the number of passes conducted, we
were unable to estimate the abundance of these species (i.e.,
11.1% of all fish captures).
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Table 2. Relative influence of instream habitat variability on the standardized residuals of electrofishing catch rates (catch per
m2) and depletion abundance estimates (fish per m2) abundance estimates for fish species in which significant relationships were
identified (P < 0.05).

Instream Habitat
Gravel substrate (%)

Available Cover (Indices)
Woody debris
Overhanging Vegetation

Species

Influence on single-pass
catch data

F value

P value

Darters (Etheostoma spp.)
Stonecat (Noturus flavus)

Overestimated
Overestimated

32.9
38.8

<0.01
<0.01

Largemouth Bass (Micropterus salmoides)
Western Mosquitofish (Gambusia affinis)
Red Shiner (Cyprinella lutrensis)
Bigmouth Shiner (Notropis dorsalis)

Underestimated
Underestimated
Overestimated
Overestimated

5.3
9.4
36.4
5.6

<0.05
0.03
<0.01
<0.05

The relationship between single-pass catch rates and
multiple-pass abundance estimates appeared to be strongly
influenced by local habitat heterogeneity for six species.
Little is known about the specific fish-habitat relationships
that seemed to alter our single-pass electrofishing proficiency
(Bohlin and Sundström 1977, Kennedy and Strange 1981,
Kruse et al. 1998, Meador et al. 2003, Peterson et al. 2004,
Reid et al. 2009, Pritt and Frimpong 2014). Six species were
over- or underestimated in complex or difficult to sample
habitats when using only one electrofishing pass. Although
each of these species were usually detected during the first
electrofishing pass, our catch rates were either positively
or negatively influenced by certain habitat features (i.e.,
woody debris, overhanging vegetation, and large substrates).
Abundances were generally overestimated when physical
habitats had the potential to congregate minnows (i.e., Red
Shiner and Bigmouth Shiner) near overhanging cover or,
for benthic species (i.e., Stonecat and darters), near large
substrates that were rare in the sampling reaches. Thus, the
utilization of overhanging vegetation by mid-water column
minnow species (Talmage et al. 2002) and preference
of large substrates by Stonecat (Hrabik et al. 2015) and
Orangethroat Darter Etheostoma spectabile (Lee et al. 1980),
the most common darter species we encountered, potentially
concentrated individuals in areas that were relatively easy
to sample. Single-pass electrofishing underestimated species
abundances when habitat features limited our ability to
consistently detect or collect immobilized individuals
(Thompson and Rahel 1996, Peterson et al. 2004, Bertrand et
al. 2006). Abundant woody debris negatively influenced our
ability to collect Western Mosquitofish during our singlepass electrofishing efforts (Angermeier and Karr 1984,
Pyke 2005, Crook and Robertson 1999). During subsequent
passes, it is possible that these individuals were encountered
further from the woody debris or in the downstream block
nets. With few exceptions, single-pass electrofishing offered
a reliable alternative to the more intensive multiple-pass
depletion sampling techniques.

MANAGEMENT IMPLICATIONS
Using a single-pass protocol, we generally obtained
representative relative abundance data in approximately
three fewer hours per site. Managers can expect to effectively
capture the majority of species present with one electrofishing
pass in proportions reflective of their estimated abundance
when sampling wadeable prairie streams. However, singlepass electrofishing may unreliably detect rare species, and
abundance estimates be biased by particular habitats that
potentially congregate or facilitate the escape of mobile
individuals (Vehanen et al. 2012). Single-pass electrofishing
provides a suitable method to rapidly describe occurrence
patterns of many species in prairie streams with little habitat
diversity, but managers sampling streams with many difficult
to sample areas or abundant cover habitats should consider
multiple-pass depletion electrofishing methods.
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NOTES

CHANNEL CATFISH REPRODUCTIVE TRAITS IN
1971, Raibley and Jahn 1991, Hubert 1999). When data for a
THE LOWER PLATTE RIVER, NEBRASKA, USA—
population are limited or non-existent, substituting fecundity
Reproductive traits including fecundity, egg diameter, and
information from another population may be appropriate;
condition of freshwater fishes influence offspring survival
however, such data may not fully represent the reproductive
and abundance and may provide insight regarding timing
traits of channel catfish among systems.   Therefore, our
of reproduction (Winemiller and Rose 1992, Johnston and
objective was to quantify fecundity, egg diameter, and GSI
Leggett 2002).  Fish size (i.e., length or weight) may influence
of female channel catfish and assess their relationships to
the number of eggs produced by an individual female
fish total length and weight within a large-river system in the
(i.e., fecundity; Michaletz 1998). Larger individuals may,
Great Plains, USA.
thus, disproportionately contribute to year-classes through
The Platte River flows approximately 500 river kilometers
increased fecundity if egg and larval survival is similar or
(rkm) across Nebraska, USA before its confluence with the
greater than those from smaller reproductive females (Gwinn
Missouri River.   The lower Platte River, defined as 0–160
et al. 2015).  Likewise, maternal fish size may influence egg
rkm, is undammed with limited channelization or bank
diameter and offspring survival, whereby larger egg diameters
armoring (Hamel et al. 2015). The system is highly braided
are associated with greater parental careNOTES
and increased egg
with a network of shifting sandbars along its length. Mean
quality (Sargent et al. 1987). Variation in egg diameter within
annual discharge is 204 m3 s-1 [one standard error (SE) = 11;
and between individuals in a population may also indicate
min = 82 m3 s-1; max = 459 m3 s-1; USGS Gauge 06805500,
phenotypic plasticity in reproductive
instance,
Louisville,
NE].
47 timing.
from For
females
using a fillet
knife as
fish were harvested. We placed egg sacs into f
intra-individual variation in egg diameter may indicate
We collected channel catfish from an annual fishing
protracted spawning behavior (Pope et al. 1996). Intertournament on the lower Platte River, NE, USA (Latitude:
48may indicate
labelleddifferences
with the fish’s identification
number
before transporting
back to the
individual variation in egg diameter
41.422320; Longitude:
–96.541064)
in May 2015.bags
Anglers
in sexual maturity and provide insight regarding timing of
harvested channel catfish from approximately 20 rkms of
49
processing.
We stored egg
sacs Platte
in a chest
until processing
occurred
spawning (Hamel et al. 2015). Understanding
relationships
the lower
River. freezer
We measured
total length (TL;
mm), (Kelso
between fish size and reproductive traits is important
weighed (g), and tagged (T-bar anchor tags) each fish and
for managing exploited fish populations
where relaxed
removed intact
egg sacs
using temperature
a fillet knife prior to
50
Rutherford
1996). We gradually
thawed
eachfrom
egg females
sac at room
fishing regulations stemming from inaccurate reproductive
as fish were harvested.   We placed egg sacs into freezer
information may lead to unintended consequences, including
bags labelled with the fish’s identification number before
51
Once completely thawed,
we weighed each egg sac to the nearest 0.01 g using a d
over-fishing and reduced population sustainability (Gwinn et
transporting bags back to the lab for processing. We stored
al. 2015, Barneche et al. 2018).
egg sacs in a chest freezer until processing occurred (Kelso
52
Weis separated
eggs by flushing
with water
gently brushing
using
W
Channel catfish (Ictalurus punctatus)
an important
and Rutherford
1996).while
We gradually
thawed each
egg forceps.
sac
recreational and commercial species in North America
at room temperature prior to processing. Once completely
(Michaletz and Dillard 1999, Arterburn
al.eggs
2002,each
Kwakfrom
et the anterior,
thawed, we
weighedand
each
egg sac toregions
the nearest
g using
53 et75
medial,
posterior
of 0.01
the egg
sac for a t
al. 2011).  Populations of channel catfish in large-river systems
a digital scale.   We separated eggs by flushing with water
are susceptible to overharvest when
regarding
while gently
brushing
forceps.
subsampled
54 information
of 225 eggs
from each channel
catfish.
We using
measured
the We
diameter
(μm)75
of all 225
population dynamics is missing or not representative of
eggs each from the anterior, medial, and posterior regions
the population (Mestl 1999). Growth and recruitment
of the egg sac for a total egg count of 225 eggs from each
female
with aare
dissectingchannel
scope catfish.  We
reticule setmeasured
at a 2x magnification.
all
overfishing have occurred when55harvest
restrictions
the diameter (μm) We
of allremoved
225
either absent or too relaxed to protect individuals until
eggs for each female with a dissecting scope reticule set at a
reproduction occurs (Pitlo 1997). 56
Information
regarding (g)
the the subsample
and weighed
of 225 eggsremoved
using all
a digital
scale.andWe
estimated fe
2x magnification.  We
excess water
weighed
relationships between fish size and measures of fecundity
(g) the subsample of 225 eggs using a digital scale. We
and reproductive condition [e.g., 57
egg diameter
gonadalcatfish (estimated
of each formula:
female channel catfish (F) using
femaleorchannel
F) usingfecundity
the following
somatic index (GSI)] can help inform harvest restrictions.
the following formula:
Excessive exploitation can shift size- and age-structure of a
𝑊𝑊𝑊𝑊𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ∗ 𝑁𝑁𝑁𝑁𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
catfish population to smaller and younger
individuals which
58
𝐹𝐹𝐹𝐹 =
𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
may influence reproductive output of the population (Pitlo
1997, Mestl 1999). Variability in fecundity may exist among
populations, and published information
Wtotal
is the
of the
the egg
sac, Nsub
is thesubsamp
59 regarding
where Wfecundity
weight
of the
eggtotal
sac,weight
Nsub is
number
of eggs
total is the total where
and how fecundity changes with length and weight is limited
number of eggs subsampled (i.e., 225), and Wsub is the
to a few case studies for channel catfish (Jearld and Brown
weight of subsampled eggs. We calculated GSI to assess the

61

and Wsub is the weight of subsampled eggs. We calculated GSI to assess the relati

62

the following formula:

60

reproductive condition for female channel catfish (Pope et al. 2010). We calculate

he total weight of the egg sac, Nsub is the number of eggs subsampled (i.e., 225),

26subsampled eggs. We calculated GSI to assess the relative
weight of

ndition for female channel catfish (Pope et al. 2010). We calculated GSI using
relative reproductive condition for female channel catfish
(Pope et al. 2010). We calculated GSI using the following
formula:
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>1.8 kg (Clemens and Sneed 1957, Hubert 1999).  We did
not observe a decrease in fecundity per kg of body mass,
rmula:
suggesting female channel catfish across the size range we
observed in the lower Platte River may be allocating similar
𝑊𝑊𝑊𝑊𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡𝑠𝑠𝑠𝑠
energy expenditures to reproductive output (i.e., isometric
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 =
x 100
𝑊𝑊𝑊𝑊𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠ℎ
scaling of body mass and reproductive output; Barneche et al.
2018). Management strategies aimed at protection of larger
where Wsac is the total weight of the egg sac, and Wfish is the
channel catfish in the lower Platte River and possibly rivers
he total weight of the egg sac, and Wfish is the total weight of the fish.
We used
total weight of the fish.  We used linear regression to relate
throughout the Great Plains may enhance fish abundances
fish size (i.e., TL, weight) to fecundity, egg diameter, and
through increased fish production (Eder et al. 2016).
n to relate
fishWesize
(i.e.,
TL, weight)
to fecundity,
diameter,
and GSI.
We
GSI.
used
an analysis
of variance
(ANOVA) egg
to test
for
Channel
catfish reproductive condition as described by
differences in egg diameter between the anterior, medial, and
GSI as well as the relative egg diameter in the lower Platte
posterior
sections ofto
thetest
eggfor
sac.differences
We performed
statistical
River the
may be lower than in other Midwest systems. For
s of variance
(ANOVA)
inall
egg
diameter between
analyses using Program R (R Core Team 2016), and statistical
instance, previous studies suggest 7–15 % of total body
significance
was determined
at αsac.
= 0.05.
of mature females was comprised of eggs (Muncy
, and posterior
sections
of the egg
We performed all statisticalweight
analyses
Female channel catfish (n = 23) total lengths varied
1959, Jearld and Brown 1971, Hubert 1999). The GSI values
between 420 and 710 mm (560 ± 15 mm; mean ± 1 SE) and
we found in our study were 46 – 75% lower compared to
R (R Core
Team
2016),
and 1,400
statistical
significance
at α = studies
0.05. (Muncy 1959, Jearld and Brown 1971, Hubert
weight
varied
between
and 9,244
g (4,385 ±was
396determined
g).
previous
Mean fecundity was 16,068 ± 2,215 eggs per female (range =
1999).   Channel catfish GSI values have been estimated in
4,966 – 46,710 eggs per female). Mean number of eggs per
the Nemaha and Niobrara rivers in Nebraska and averaged
kg of body mass was 3,577 ± 236 eggs kg-1 (range = 1,963
15.5% (Mahoney 1982). Peak GSI values occurred in June
– 6,004 eggs kg-1).  Female channel catfish had a mean GSI
in the Nemaha River at 15.6% and in July in the Niobrara at
value of 3.76% (± 0.36).  Channel catfish egg diameter varied
15.4% (Mahoney 1982).  Timing of sampling may influence
between 0.27 and 1.53 mm (1.04 ± 0.003 mm). No relationship
mean GSI values as eggs develop. Our collections occurred
existed between the number of eggs per kg of body mass and
immediately prior to the spawning window (i.e., July, Hrabik
total length (F1, 21 = 0.04, P = 0.85) or weight (F1,21 = 0.75,
et al. 2015) in the Platte River when water temperatures
P = 0.40). A positive relationship existed between channel
averaged 25° C. As such, GSI values should have been at or
catfish fecundity and total length (F1,21 = 30.48, P < 0.001;
near the maximum yearly value as water temperatures during
Fig. 1A) and weight (F1,21 = 83.19, P < 0.001; Fig. 1B). Egg
our study were similar to those previously conducted in other
diameter was not linearly related to channel catfish length
Nebraska rivers (i.e., Mahoney 1982; water temperature =
(F1,21 = 2.76, P = 0.11; Fig. 1C) or weight (F1,21 = 3.84, P =
24–29° C).  Egg diameter of channel catfish in other studies
0.06; Fig. 1D).  Female channel catfish GSI was not related to
varied between 1.78 and 2.90 mm (Mahoney 1982), which is
length (F1,21 = 1.33, P = 0.26; Fig. 1E) or weight (F1,21 = 2.37,
larger than egg diameters observed in the lower Platte River.
P = 0.14; Fig. 1F). Mean egg diameter did not differ between
Egg diameter may be an important factor in the survival
the anterior, medial, or posterior sections of channel catfish
of developing embryos (Moyle and Cech 2004) and may
egg sacs (F2,66 = 0.04, P = 0.96).
influence survival of larval fishes (Hsieh et al. 2010).  Further
Channel catfish total fecundity and the relationships of
investigation into the relationships between egg diameter and
total fecundity with both length and weight in the lower Platte
survival may enable more refined predictions (e.g., stockRiver appeared similar to other river and reservoir systems in
recruit models) regarding recruitment of channel catfish
the Midwestern United States (Hubert 1999). The fecundity
within the lower Platte River.
per kg of body mass for channel catfish in the lower Platte
We have provided baseline information for reproductive
River, however, differed from previous studies. Channel
traits of channel catfish in the lower Platte River.   Future
catfish total fecundity has been estimated between 1,052 to
shifts in reproductive traits including fecundity, egg diameter,
64,629 eggs per female (Muncy 1959, Jearld and Brown
and GSI based on harvest strategies or environmental change
1971, Raibley and Jahn 1991), and Jearld and Brown (1971)
can now be assessed. Information regarding the proportion
found a positive linear relationship between channel catfish
of fish spawning in a given year, timing of first reproduction,
length and fecundity in an Oklahoma reservoir. An increase
and periodicity of spawning (e.g., annual or biannual)
in the number of eggs produced by larger individuals may
would provide valuable future lines of inquiry. Debate exits
result in more offspring produced, particularly if survival
regarding the reproductive contribution of large females
of offspring is similar or better compared to offspring
in maintaining sustainable abundances of exploited fishes
produced by smaller individuals (Hsieh et al. 2010; Gwinn
(Barneche et al. 2018; Andersen et al. 2019). Our results
et al. 2015, Barneche et al. 2018).  Channel catfish fecundity
suggest larger female channel catfish produce more eggs
per kg of body mass has been estimated at 8,800 eggs kg-1
compared to smaller individuals and protection may be a
for individuals 0.45–1.80 kg, and 6,600 eggs kg-1 for fish
management option if monitoring efforts detect declines in

NOTES

channel catfish abundances.  Decisions regarding sustainable
management of channel catfish populations in rivers such
as the lower Platte River may benefit from considering the
greater fecundity associated with larger female channel
catfish.
Funding for this project was provided by the Nebraska
Game and Parks Commission with funds administered
from the Federal Aid in Sport Fish Restoration Act (Project
ID F-75R) and the University of Nebraska-Lincoln. We
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of Natural Resources, University of Nebraska-Lincoln;
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Figure 1. Egg count (1A, 1B), egg diameter (“Dia.”; 1C, 1D), and gonadal somatic index (GSI; 1E, 1F) of channel catfish in the
lower Platte River and their relationships to total length (mm; left column) and weight (g; right column).
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QUANTIFYING SIGNPOST USAGE BY CAPTIVE
MALE WHITE-TAILED DEER — White-tailed deer
(Odocoileus virginianus) use rubbing of signpost structures
to communicate during the breeding season. Rubbing of
signpost structures allows deer to communicate via visual
and chemical cues, which allows them to establish dominance
hierarchies and maintain hierarchal status throughout the
breeding season (Moore and Marchinton 1974, Miller et al.
1981, Hewitt 2011). Once a living tree is rubbed, the exposed
light-colored sapwood creates a stark contrast in wooded areas,
increasing visibility and further enticing deer to investigate
the structure (Oehler et al. 1995). Anatomically, the tubular
apocrine sudoriferous glands of white-tailed deer are located
at the antler base on the forehead (Atkeson and Marchinton
1982), which creates a challenge when depositing gland
secretions to either vertical or horizontal signposts. When
at the rub, chemical communication ensues via olfactory
senses because of the unique gland secretions deposited
from the tubular apocrine sudoriferous glands (Atkeson and
Marchinton 1982). Signpost communication via secretions
allows males and females to gather reproductive information,
leading to potential breeding opportunities (Sawyer et
al. 1989, Miller et al. 1991). Signpost communication is
important during the breeding season because male breeding
success is limited by breeding attempts, and using signpost
structures increases the potential for a male to find a mate
(Moore and Marchinton 1974).
Understanding specific characteristics of signpost use
(e.g., period of maximum use during breeding season,
day vs. night, horizontal vs. vertical) is important to
further understand communication among deer during the
breeding season. Signpost use frequency declines through
the breeding season after hierarchies are established and
maintained (Ozoga and Verme 1985), although secretions left
by males continue to convey information on dominance and
their physiological state (Sawyer et al. 1989). Crepuscular
activity patterns are common among male deer with midday
activity being less than their female counterparts (Beier and
McCullough 1990), though diurnal use increases throughout
the breeding season for males (DeYoung and Miller 2011).
Regardless, given the increased diurnal activity of males
during the breeding season, the role of signpost structures in
visual or olfactory communication is unknown. Specifically,
it is unknown if signpost use is more important as a visual or
olfactory communication method.
Our objective was to quantify characteristics of signpost
use among captive male white-tailed deer. We specifically
assessed the period of maximum use during the breeding
season (e.g., pre-, peak-, or post-breeding), variation in use
between diurnal and nocturnal periods, and whether or not
use varied between horizontal and vertical signposts. We
predicted that signpost use would be maximized during
the pre-breeding season, that males would use signpost
structures more during daylight hours compared to night due
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to increased visibility during daylight hours, and that vertical
signposts would be favored due to anatomical location of
scent glands.
We conducted our study at the South Dakota State
University Wildlife Research Unit in Brookings County,
South Dakota, USA. The 1.01-ha facility housed 20 males
and 6 females, and all individuals had access to the same
areas within the facility. We placed one horizontal and one
vertical signpost structure on the North, South, and West ends
of the facility. We placed horizontal and vertical signpost
structures about 3 meters apart with motion activated cameras
(Moultrie M-880 Gen 2) placed about 5 meters away and
perpendicular to each signpost structure. We programmed
cameras to take three pictures in a burst with a 15-second
interval between successive pictures. We deployed cameras
on 5 October 2017 and removed them 1 December 2017. We
examined pictures weekly through the 9-week study period
to determine maximum signpost use by week and time of day,
as well as whether or not vertical or horizontal signposts were
favored. We estimated peak-breeding dates by backdating
210 days (mean gestation length; Demarais et al. 2000) from
the peak-parturition date reported from captive white-tailed
deer in North Dakota (Michel et al. 2017). Michel et al.
(2017) reported peak parturition occurring from 27 May to
16 June, when 71% of total birthing events were observed.
Based on those dates, we defined the pre-breeding season
as 5 October to 28 October, the peak-breeding season as
29 October to 8 November, and post-breeding season as 9
November to 1 December.  We classified signpost usage as
occurring diurnally if rubbing behavior occurred from 30
minutes before sunrise through 30 minutes after sunset. We
defined rubbing behavior as males displaying a braced body
stance with their antler base contacting the signpost (Moore
and Marchinton 1974). We considered rubbing events as
independent if a male removed his head and body away from
the structure and then returned to the signpost structure and
displayed rubbing behavior. We used t-tests in Program R
(R version 3.4.3, 2017) to assess if diurnal use differed from
nocturnal use and if use of vertical structures differed from
horizontal structures (α = 0.05).
We observed 13 males that interacted with signpost
structures 169 times during the 9-week period. Males
displayed a general pattern of use occurring most frequently
during the pre-breeding time period (66%), followed by postbreeding (19%), and then peak-breeding (15%). Diurnal
signpost use was greater (x = 0.91 ± 1.05 uses/day; t326 = 3.43,
P < 0.001, n = 169) than nocturnal use (x = 0.55 ± 0.87).
Males used vertical signpost structures more frequently (x =
1.22 ± 1.02 uses/day, t270 = 10.93, P < 0.001, n =169) than
horizontal signposts (x = 0.24 ± 0.59 uses/day).
Our results support our prediction that greatest use of
signpost structures would occur during the pre-breeding time
period. From signposts, males and females gather information
regarding reproductive and dominance status (Sawyer et al.
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1989, Miller et al. 1991), which can occur through physical
and non-physical interactions (DeYoung et al. 2006). Males
use signposts as dominance areas where portions of home
ranges are marked by rubs (Moore and Marchinton 1974).
Additionally, males increase use of signposts during the prebreeding period as female reproductive periods are linked to
photoperiod and females begin communicating information
regarding their receptivity during the pre-breeding period
when changes in day length occur (Verme et al. 1987, Miller
et al. 1991, Dye et al. 2012). Heavy male white-tailed deer
with large antlers are generally more dominant than lighter
males with smaller antlers and thus, tend to have increased
breeding opportunities as females enter estrus (Ozaga and
Verme 1985, DeYoung et al. 2006, Festa-Bianchet 2012).
Increased reproductive attempts are facilitated by the use
of signposts during the pre-breeding season (Moore and
Marchinton 1974), stressing the importance of signpost
communication in the early breeding season.
Males displayed diurnal signpost use 60% more than
nocturnal use, suggesting signposts may be important for
visual communication. Oehler et al. (1995) also showed that
males rub trees with a mean first branch height of 69.9 cm
(Oehler et al. 1995) to reduce interference from branches and
leave more open space at rub height for optimal visibility.
When signposts are more visible, males are visually led
towards the rub site, where males can rub the signpost, leaving
their own scent so olfactory communication can ensue (Hirth
1977, DeYoung and Miller 2011). Male deer actively search
for female counterparts during the breeding season (Hirth
1977), and signpost visibility should be important in allowing
males to use visual and olfactory communication
Our results also support our prediction that males
would use vertical signpost structures more than horizontal
structures. Deer tend to target standing trees for signpost use
in wild herds (Moore and Marchinton 1974), and frequent
use of vertical structures in the captive herd could be due
to innate behaviors. The sudoriferous glands are located on
the forehead of the deer and need to be agitated to deposit
secretions on a signpost (DeYoung and Miller 2011). Given
the general configuration of male antlers, vertical signposts
are likely the most effective structure to use by male deer
when making contact with the forehead region to deposit
secretions.
Overall, signpost use is a crucial communication
tool that provides several pieces of information among
individuals. We do not fully understand how far olfactory
cues are transmitted from signpost structures; therefore,
locating signpost structures via visual aid may be important
to maximize olfactory communication by better allowing
males to see these communication sites during daylight
hours. Signpost use during the daylight hours is important
to the entire breeding process because males establish and
maintain dominance hierarchies by attracting individuals to
their mark locations, which then communicates via olfaction
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the individuals that have visited the location. Signposts are
most visible during the day, allowing males to notice and
interact with rubs to gain important information. Although
extrapolation of our results from captive to free-ranging
populations should be done with caution, this study provides
a baseline of rubbing characteristics in the northern Great
Plains for comparison to those populations.
We thank Southeast South Dakota Branch of the Quality
Deer Management Association for financial assistance, as
well as the Department of Natural Resource Management
at South Dakota State University for providing the study
area.—Cassie L. Auxt, Eric S. Michel, and Jonathan A.
Jenks. Department of Natural Resource Management, South
Dakota State University, Brookings, SD 57007–1696, USA.
Corresponding author: eric.michel@state.mn.us.
LITERATURE CITED
Atkeson T. D., and L. R. Marchinton. 1982. Forehead glands
in white-tailed deer. Journal of Mammalogy 63:613–617.
Beier, P., and D. McCullough.   1990.   Factors influencing
white-tailed deer activity patterns and habitat use.
Wildlife Monographs 109:3–51.
Benner, J. M., and T. R. Bowyer. 1988. Selection of trees
for rubs by white tailed deer in Maine. Journal of
Mammalogy 69:624–627.
Demarais, S., K. V. Miller, and H. A. Jacobson. 2000. Whitetailed deer in ecology and management of large mammals
in North America eds S. Demarais and P. R. Krausman.
Prentice Hall, Upper Saddle River, New Jersey, USA.
DeYoung, R. W., and K. V. Miller. 2011. White-tailed deer
behavior. Pages 311–354 in D. G. Hewitt, editor. Biology
and management of white-tailed deer. CRC Press, Boca
Raton, Florida, USA.
DeYoung, R., S. Demarais, R. Honeycutt, K. Gee, and R.
Gonzales. 2006. Social dominance and male breeding
success in captive white-tailed deer. Wildlife Society
Bulletin 34:131–136.
Dye, M. P., S. Demarais, B. K. Strickland, P. D. Jones, C. G.
McDonald, and D. F. Prochaska. 2012. Factors affecting
conception date variation in white-tailed deer. Wildlife
Society Bulletin 36:104–114.
Festa-Bianchet, M. 2012. The cost of trying: weak
interspecific correlations among life-history components
in male ungulates. Canadian Journal of Zoology 90:1072–
1085.
Hirth, D. 1977. Social behavior of white-tailed deer in
relation to habitat. Wildlife Monographs 53:3–55.
Kile, T., and R. L. Marchinton. 1977. White-tailed deer rubs
and scrapes: spatial, temporal and physical characteristics
and social role. American Midland Naturalist 97:257–
266.

32

Michel, E. S., J. A. Jenks, and W. F. Jensen. 2017. Assessing
parturition date synchrony for North Dakota ungulates.
The Prairie Naturalist 49:28–30.
Miller, K. V., R. L. Marchinton, and W. M. Knox. 1991.
White-tailed deer signposts and their role as a source of
priming pheromones: a hypothesis. Global Trends in
Wildlife Management.
Moore W, G., and R. L. Marchinton. 1974. Marking behavior
and its social function in white-tailed deer. Pages
447–456 in The behaviour of ungulates and its relation
to management. International Symposium held at the
University of Calgary, Alberta, Canada 2–5 November
1971.
Oehler, M. W., J. A. Jenks, and T. R. Bowyer. 1995. Antler
rubs by white-tailed deer: the importance of trees in
a prairie environment. Canadian Journal of Zoology
73:1383–1386.
Ozoga, J., and L. Verme. 1982. Physical and reproductive
characteristics of a supplementally-fed white-tailed deer
herd. Journal of Wildlife Management 46:281–301.
Ozoga, J., and L. Verme. 1985. Comparative breeding
behavior and performance of yearling vs. prime-age
white-tailed bucks. Journal of Wildlife Management
49:364–372.
R version 3.4.3 (2017-11-30) -- "Kite-Eating Tree" Copyright
(C) 2017 The Foundation for Statistical Computing.
Sawyer, T., R. L. Marchinton, and K. Miller. 1989. Response
of female white-tailed deer to scrapes and antler rubs.
Journal of Mammalogy 70:431–433.
Verme, L., J. Ozoga, and J. Nellist. 1987. Induced early
estrus in penned white-tailed deer does. Journal of
Wildlife Management 51:54–56.
Submitted: 21 Sep 2018. Accepted: 13 May 2019
Associate Editor: Colter Chitwood

The Prairie Naturalist • 51(1): June 2019

NOTES

INCIDENTAL CAPTURES OF PLAINS SPOTTED
SKUNKS IN CENTRAL SOUTH DAKOTA- The
plains spotted skunk (Spilogale putorius interrupta) had a
historically broad distribution in the central United States,
extending from the Mississippi River west to the Rocky
Mountains. This subspecies of the eastern spotted skunk
(S. putorius) has experienced population declines in recent
decades possibly due to habitat loss and reduction of prey
through conversion of grasslands and forests to croplands,
as well as reductions in abandoned buildings, fence rows,
creek bottoms, and wood piles throughout the region (Crabb
1948, Kaplan and Mead 1991, Gompper and Hackett 2005,
Sasse 2017). Woody debris provides access to prey, and a
dense understory and overhead cover provide camouflage
and protection from avian predators (Lesmeister et al. 2013,
Eng et al. 2018). Overharvest, disease, pesticide use, and
expanding or increasing predator populations might also have
contributed to population declines (Gompper and Hackett
2005, Gompper 2017). Because the plains spotted skunk is
currently under consideration for federal protection under
the Endangered Species Act (U.S. Fish and Wildlife Service
2012), it is important to communicate new information on
abundance, distribution and ecology of the subspecies.
Furthermore, limited data exist on incidental captures of plains
spotted skunks by researchers and state agencies (Diggins et
al. 2015, Sasse 2018). Data collected through live-capture
and non-invasive techniques are needed to improve the
effectiveness of management and the understanding of this
subspecies (Hackett et al. 2007).
Plains spotted skunks are classified as furbearers in South
Dakota and can be legally trapped and harvested year-round.
Little information is known of their occurrence, distribution,
and demographics in the state because the South Dakota
Department of Game, Fish, and Parks (SDGFP) does not
require reporting of harvested plains spotted skunks and
only receives information provided voluntarily to the South
Dakota Natural Heritage Program (K. Fisk, SDGFP, personal
communication). In 2017–2018, for example, trapper reports
summarized 240 plains spotted skunks harvested in Aurora,
Beadle, Brule, Charles Mix, Davidson, Edmunds, Gregory,
Hamlin, Hand, Hughes, Miner, Moody, Potter, and Tripp
counties (SDGFP 2017). Such yearly information can be
useful as an index of abundance for plains spotted skunks but
does not provide reliable information on spatial distribution,
habitat, or population demographics and health, which is
necessary for management. In addition to trapper reports, a
mail survey conducted by Blumberg et al. (1997) indicated
that plains spotted skunks were present in South Dakota but
did not provide detailed information about the population,
suggesting a potential reduction in range of spotted skunks
in the state. A conservation plan for the species in South
Dakota reports that little information exists other than
knowledge of occurrence in the state. Currently, no research
is being conducted on plains spotted skunks in South Dakota
(ESSCSG 2018).
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While trapping and marking striped skunks (Mephitis
mephitis) and northern raccoons (Procyon lotor) to
understand composition of mesopredators and ground-nest
predators in central South Dakota (IACUC approval number
17-103A), we captured a number of plains spotted skunks.
Our captures were in Bryant and Saratoga townships in Faulk
County and Alden and Fairview townships in Hand County,
South Dakota. Both counties are rural; Faulk County has an
average of 6.2 people and 3.1 housing units/km2, whereas
Hand County has an average of 7.8 people and 3.4 housing
units/km2. The landscape is a mosaic of croplands, pastures,
and grasslands that surround farmsteads. We deployed 35
Tomahawk traps (Model 1010F and Model 105F) from 19
March to 12 May 2018. The specific number of traps open
each night varied, and total number of trap nights was <1,890.
We placed traps near occupied and abandoned buildings and
agriculture equipment, culverts, fences, stacks of hay bales,
and other anthropogenic features to target the aforementioned
species. We occasionally moved traps to new locations
depending on previous capture success (or lack thereof),
landowner activities, or weather- and road-related conditions.
We baited traps with sardines or wet cat food and rebaited
as necessary. When a plains spotted skunk was captured
incidentally, we recorded age, sex, weight (g), neck and chest
circumference (cm), crown to rump length (cm), and fitted
them with a uniquely-numbered ear tag. We followed the
guidelines of the American Society of Mammalogists for the
capture, handling, and care of mammals (Sikes et al. 2016).
We estimated that trapping success for plains spotted
skunk was 1% in these counties, using Nelson and Clark’s
(1973) correction for sprung traps based on catch per unit
effort calculations. Sprung traps included 70 occasions
where we captured another species of mesocarnivore, had
closed but empty traps, and captured another non-target
species. Plains spotted skunks accounted for 17% (19/111)
of captures. We captured 16 adult plains spotted skunks
(two females, 14 males), with three recaptures. For plains
spotted skunks, mean body mass was 670 ± 50 (SE) g, neck
circumference was 14.9 ± 0.5 cm, chest circumference was
20.2 ± 0.6 cm, and crown-to-rump length was 28.5 ± 1.3 cm
(Table 1). None of the individuals showed signs of external
parasites (e.g., ticks, fleas, mites).  We acknowledge that our
measurements and observations are approximate, as we did
not sedate animals. Of 19 captures, 10.5% were caught in
woodpiles, 26.3% in pastures, 31.6% in shelter belts (i.e.,
a small forest patch with a few rows of trees adjacent to
farmsteads), and 31.6% in farmsteads (e.g., next to buildings,
either abandoned or active, with stacked hay bales and/or
shelterbelts within 100 m). On average, captures were about
85 m from the closest road, 620 m from the closest farmstead
if not captured at one, 315 m from the closest water source
that was most commonly a stock dam, and 190 m from the
closest shelterbelt if not captured in one. One pasture, where
three captures occurred, had a nearby creek with a few trees
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Table 1. Demographics and morphometric measurements of plains spotted skunks (Spilogale putorius interrupta) in South Dakota,
March–April 2018.
Capture
Date

County

Township

GPS Coordinates
(WGS 84)

Individual
ID

Age

Sex

Weight
(kg)

Neck
(cm)

Chest (cm)

CrownRump (cm)

27 Mar 2018

Hand

Alden

N44.670755,
W99.172124

Notch Left

A

M

0.70

12.3

NA

32.6

3 Apr 2018

Faulk

Saratoga

N45.105212,
W99.248557

Notch Right

A

F

0.45

13.3

17.5

27.5

6 Apr 2018

Faulk

Bryant

N45.071175,
W99.247449

7006L/7005R

A

M

0.93

11.8

15.9

30.7

6 Apr 2018

Hand

Alden

N44.649731,
W99.075793

7008L/7007R

A

M

0.52

13.9

21.2

33.5

8 Apr 2018

Faulk

Bryant

N45.071175,
W99.247449

7012L/7011R

A

M

0.98

17.8

25.2

36.4

11 Apr 2018

Faulk

Saratoga

N45.106561,
W99.247390

7017L/7018R

A

M

0.72

N/A

19.5

24.7

12 Apr 2018

Faulk

Saratoga

N45.106561,
W99.247390

7035L/7036R

A

M

0.56

15.2

18.3

23.6

12 Apr 2018

Faulk

Saratoga

N45.104003,
W99.249361

7034L/7032R

A

F

0.32

15.1

18.9

17.1

12 Apr 2018

Faulk

Bryant

N45.065901,
W99.247597

7030L/7031R

A

M

0.78

17.5

21.4

31.8

13 Apr 2018

Faulk

Bryant

N45.043140,
W99.266753

7046L/7044R

A

M

0.90

15.5

22.3

34.7

17 Apr 2018

Faulk

Saratoga

N45.100749,
W99.257583

7045L/7051R

A

M

0.44

14.9

21.5

30.1

21 Apr 2018

Faulk

Bryant

N44.997723,
W99.241364

7061L/7062R

A

M

0.87

13.6

19.4

25.5

26 Apr 2018

Hand

Alden

N44.719732,
W99.149222

7070R/7071L

A

M

0.59

18.2

21.4

26.6

28 Apr 2018

Hand

Fairview

N44.782002,
W99.072092

7074L/7076R

A

M

0.77

14.4

19.9

31.1

29 Apr 2018

Hand

Fairview

N44.782002,
W99.072092

7077R/7078L

A

M

0.52

14.3

20.5

29.2

30 Apr 2018

Hand

Fairview

N44.782002,
W99.072092

7082L/7084R

A

M

0.61

15.5

19.5

20.4

and stack of hay bales both within 100 m. There are no
rocky outcrops on the greater landscape. Captures of other
species occurred in similar habitats and conditions. We did
not record microhabitat measurements at the time of capture,
but such information is important to record in future studies
to better understand the distributions and habitat use of plains
spotted skunks.
Plains spotted skunks were relatively evenly distributed
throughout the study area, with six captured in Hand County
(three in Alden township and three in Fairview township)
and 10 captured in Faulk County (five in Saratoga township
and five in Bryant township; Table 1). However, we trapped
multiple individuals in three different locations (Table 1).
The majority of these captures occurred within or nearby
sites with cover (i.e., farmsteads, shelterbelts, woodpiles
and hay bales).  We removed traps during the first week of
May because we had accomplished the primary objectives of

our study. Plains spotted skunk detections rates have been
observed higher from late September to early May in Arkansas
and Missouri compared to others times of the year, possibly
related to food availability or mating behaviors (Hackett et al.
2007, Lesmeister et al. 2009). A study in Alabama, however,
reported successful trapping throughout the summer (Eng et
al. 2018). It is unclear how trap success changes throughout
the year in the Midwest. Our sample was male-dominated,
which may be indicative of the mating season and increased
male activity (Mead 1968, Kinlaw 1995). Additionally, we
recaptured three individuals, which suggests the potential
to conduct a study where multiple recaptures of the same
individual are useful, such as evaluating health or estimating
abundance. Finally, we used geographic distribution and
placement of white markings to identify plains spotted
skunks from western spotted skunks (Spilogale gracilis),
which are present in this region (M. Ben-David, University of
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Wyoming, personal communication). Using DNA diagnostic
testing would have been preferable to determine species and
subspecies, as there may be overlap in the distributions of
western and eastern spotted skunks.
Our incidental captures provide data on individuals
from a contemporary population of plains spotted skunks
in South Dakota. Given the range-wide status of eastern
spotted skunks as a species of concern, additional research
into the demographics, size, movement patterns, habitat
use, genetics, and health of this population is warranted.
Furthermore, plains spotted skunks are infrequently
encountered and understudied in the Great Plains (Choate
et al. 1974, McCullough and Fritzell 1984, Boppel and
Long 1994, Reed and Kennedy 2000, Hackett et al. 2007,
Lesmeister et al. 2008, 2009, 2013, Hardy 2013, Dowler et
al. 2017). Our results suggest that state agencies can gain
considerable information on this species by requiring reports
of incidental captures from researchers and trappers. Such
efforts, combined with more focused studies, would allow for
the creation of a database needed to appropriately assess the
subspecific status as part of the federal listing process.
We thank the field crew, including technicians J. L.
Nierman, M. M. Dart, S. A. Watkins and E. Ward. We
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this research.  Any use of trade, firm, or product names is for
descriptive purposes only and does not imply endorsement
by the U.S. Government.—Samantha Fino, South Dakota
State University, Joshua D. Stafford, U. S. Geological Survey,
South Dakota Cooperative Fish and Wildlife Research Unit,
Aaron T. Pearse, U.S. Geological Survey, Northern Prairie
Wildlife Research Center, Jonathan A. Jenks, South Dakota
State University; Samantha Fino (Samantha.Fino@sdstate.
edu).
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CARNIVORES OF THE WORLD, SECOND EDITION.
Luke Hunter; illustrations by Priscilla Barrett. 2018.
Princeton University Press, Princeton, New Jersey, USA. 256
pages. $29.95 (paper). ISBN: 978-0-691-18295-7.
Cracking open this fully revised field guide invites a new
appreciation for the diversity of carnivores (members of the
order Carnivora) in the world. Dig a little deeper and you’ll
uncover just how little we know about so many of them. This
second edition of the Carnivores of the World features 250
mammalian species—from a species so tiny it can squeeze
through a wedding ring to one weighing thousands of times
more, the polar bear (Ursus maritimus). Each detailed
species account includes an illustration of the species (and
sometimes varying forms or subspecies), information
on morphological and identifying features, distribution
(including a map) and habitat, feeding ecology, social and
spatial behavior, reproduction and demography, and status
and threats. Compiling this global summary must have been
a huge undertaking. Yet the author has managed to strike
the right balance of breadth and depth, and has delivered a
stellar reference. Title aside, this text focuses on terrestrial
carnivores. Including primarily aquatic carnivores would
have forced this handy (yet comprehensive) book into a
multi-volume set, losing its nimbleness.
Taking a conservative approach, but alerting readers
to potential changes afoot, the author treats the idea of
unresolved species (and even the concept of what a species
is) with dexterity. This new edition also includes a doublepaged spread of updated details on the fluid status of grey
wolf (Canis lupus) and coyote (C. latrans) hybrids. To give
you an idea of how dynamic this situation is, the National
Academies of Sciences, Engineering, and Medicine (2019)
just completed (post-publication of the second edition of
Carnivores of the World) a review of one of these “hybrids”,
the red wolf (C. rufus), and found that available evidence
supports species status (not a subspecies or a hybrid).
The descriptions of carnivore families near the beginning
of the guide are concise yet packed with interesting tidbits
(e.g., which carnivore’s society most closely resembles that of
baboons [Cercopithecidae]). Whereas I enjoyed these family
descriptions, it was easy while flipping through the book to
accidentally stumble into a different family without realizing
it, because there are no family demarcations between species
accounts in the main body of the text. A clear break would
have been handy but, nevertheless, you can always tell which
family you are in by checking the family name by each page
number.

I love that the opening sections of Carnivores of the World
also include an emphasis on conservation. Anyone with an
interest in carnivores is very likely to be concerned with their
continued persistence, so the information is well placed and
informative without being exhaustive.
As is the case with most field guides, the maps in this guide
were on the small side (but useful for quick orientation), in
one case not quite complete (the grey wolf [Canis lupus] also
is found in the Pacific Northwest of the United States), and
in another case a bit confusing (the text of the raccoon dog’s
[Nyctereutes procyonoides] distribution does not match the
map). Of course, I think readers will appropriately understand
the maps to be likely generalizations.
The abundant full-color species illustrations by Priscilla
Barrett are beautiful and highly detailed. Also included are
sketches conveying interesting behaviors (e.g., a giant panda
[Ailuropoda melanoleuca] urinating in a ritualized handstand
posture and an American mink [Neovison vison] attacking
a swan). The behavioral descriptions in the text cleverly
combine with the superb illustrations to help readers begin to
move from merely identifying a carnivore to understanding
how the species functions in its ecosystem.
The depictions of skulls near the back are a nice feature that
one doesn’t always find in such wide-ranging field guides. I
imagine someone finding a dusty skull in a field and excitedly
comparing it to these images. Because dentition formulae
are lacking, positive identification might require referencing
another source. Like the skull graphics, I appreciated the
inclusion of the track plates. Again, because information on
gait, stride, straddle, etc. are lacking, definite identification
may require referencing another source. Nevertheless, skull
and track information should serve to get the reader in the
right ballpark and help with selecting the proper reference
for confirmation of species identity. The brief glossary also
is a terrific feature; the glossary takes away the intimidation
factor of scientific jargon and makes this book accessible to
anyone with a curiosity about carnivores.
Carnivores of the World would not only be of interest
for the practicing wildlife biologist or conservationist (and
aspiring students), but this field guide is compact enough to
make a great gift for a globe-trotting eco-traveler. I could
also see this field guide being a delight to pet lovers who are
interested in discovering more about their pet’s wild cousins.
I found the cost of the book to be quite reasonable,
especially considering the numerous, brilliant drawings. A
slight downside was that I generally found the print size to
be small (even compared to the dozen or so field guides on
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my bookshelf). I suspect this was out of necessity to create a
travel-ready text while still being a thorough resource.
This is a terrific book to have in your personal library
(and in your suitcase!). It will be hard to open Carnivores
of the World without walking away with a rejuvenated sense
of wonder and care for our world.—Shannon M. BarberMeyer, Research Wildlife Biologist, U.S. Geological Survey,
Northern Prairie Wildlife Research Center, Ely, Minnesota
55731, USA.
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GULLS SIMPLIFIED: A COMPARATIVE APPROACH
TO IDENTIFICATION.
Pete Dunne and Kevin T. Karlson. 2018. Princeton University
Press, Princeton, New Jersey, USA. 208 pages. $24.95
(paper). ISBN: 978-0-691-15694-1.
The title of Pete Dunne and Kevin Karlson’s new book,
Gulls Simplified, may seem like an oxymoron to many birders.
Gulls are, after all, one of the most vexing groups of North
American birds due to their myriad identification challenges,
and many seasoned birders simply “don’t do gulls.” Indeed,
Dunne, in the first line of the Introduction (page 13), writes,
“Ask any bird-watcher to name the bird group that is most
intimidating, and to a man, woman, and tour leader they often
shout: GULLS!” The genesis of the book, and the authors’
approach to identification within, arises from the notion that
gull identification has long been treated like most of the
other difficult bird groups—focusing mostly on (sometimes
subtle) details of plumage, a revolutionary method pioneered
in 1934 by Roger Tory Peterson in his Field Guide to the
Birds. For many groups of birds, this method has worked
well. However, most gulls take years to mature, and the
different plumages a bird wears from hatching to maturity
lend enormous complexity to the identification of individual
gulls if identifications are based primarily on plumage. In
lieu of the Peterson method, the authors of Gulls Simplified
propose a holistic approach to gull identification—focusing
on characteristics of size, body shape, and structure, and
supplementing that with plumage details. They also encourage
the use of species distributions as a means of simplifying the
identification process, for knowing which species should
occur in an area tends to drastically reduce the number of
possible species to choose from.
The book begins with several pages of sized-to-scale
photographs and silhouettes of the 25 species of North
American gulls treated within, followed by a helpful section
covering basic gull anatomy, a meaty introduction describing
the philosophy for the book, traditional gull identification
challenges, a discussion of gull natural history and ecology,
and a description of how to distinguish gulls from other
similar birds. The remainder of the book is largely devoted
to species accounts for each of the gull species. The species
accounts are in-depth (some more than 10 pages in length),
with photographs of individuals exhibiting different postures,
in flight and on the ground, and in flocks and solo. The
various plumages of each species are adequately shown,
and the accompanying text discusses details of size, shape,
bare parts (bill and legs), and various plumage details. Each
account has information on the species’ size, profile, status
and distribution, as well as adult breeding, adult nonbreeding,
immature, and subadult plumages. Finally, and one of the
highlights of the book, is the concluding quiz and review
section—35 photos that will challenge the reader—with a
section of answers and substantive paragraphs about how
each identification was reached.
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What makes Gulls Simplified shine is that the considerable
individual talents of the two authors—Dunne’s witty,
approachable writing style, and Karlson’s considerable skill
with a camera—have been married in a manner that really
works for an identification book such as this. I found that the
ability to look at a photo and read the text describing what
should be noted about the individual birds is a surefire way
to reinforce learning. The authors have chosen to group gulls
in a slightly different way, one that is intuitive to how birders
naturally categorize birds for identification. Some examples of
groupings include “Small to medium-sized gulls and hooded
gulls” (species like Laughing Gull [Leucophaeus atricilla],
Franklin’s Gull [Leucophaeus pipixcan], and the kittiwakes
[Rissa spp.]) and “Large dark-backed gulls” (Western Gull
[Larus occidentalis], Great Black-backed Gull [Larus
marinus], etc.). Rarity-seeking bird-watchers will appreciate
the coverage of five rare gulls under “Dark horse gulls,”
a group that includes species like Ivory Gull (Pagophila
eburnea) and Black-tailed Gull (Larus crassirostris). The
authors also cover several of the most common hybrid
combinations. The quality of the photographs throughout
is quite good, and readers will be pleased. Additionally,
several times I found myself chuckling at Dunne’s humor,
present throughout the book, but especially notable in the
brief description of each species, often witty or ironic. For
example, in the Laughing Gull account (page 35), Dunne
writes “It’s the medium-sized, charcoal gray-backed, blackhead gull with the last of your boardwalk hot dog in its mouth
and three noisy accomplices standing nearby.”
One other topic worth mentioning is the species range
maps, used with permission from Gulls of the Americas,
by Steve N. G. Howell and Jon Dunn (2007). The maps
are adequate, but in several instances, I noticed slight
inaccuracies, which to be frank, occur in most if not all field
guides as distribution is difficult to represent visually. One
apparent oversight was the breeding and nonbreeding season
occurrence of the “Thayer’s” Iceland Gull (Larus glaucoides
thayeri), a subspecies that winters along the Pacific Coast,
which was omitted from the map because Gulls of the
Americas was published when the Thayer’s Gull (formerly
Larus thayeri) was still considered a separate species (and
presumably treated separately from Iceland Gull [Larus
glaucoides], with its own map). While the range maps
might have benefitted from an update, the maps are visually
appealing and generally accurate.
Overall, Gulls Simplified accomplishes its principal
goal of making gull identification more approachable by
simplifying the identification process in a way that focuses on
the gull as a whole—the size, shape and structure, augmented
by details of plumage. This should be a useful book for both
novices and experts and should aid in reducing the frustration
of identifying this complex group of birds.—Garrett J.
MacDonald, Biologist (contractor), 8711 37th Street SE,
U.S. Geological Survey, Northern Prairie Wildlife Research
Center, Jamestown, North Dakota 58401, USA.
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A FIELD GUIDE TO THE NATURAL WORLD OF THE
TWIN CITIES.
John J. Moriarty; photography by Siah L. St. Clair. 2018.
University of Minnesota Press, Minneapolis, Minnesota,
USA. 412 + xv pages. $29.95 (paper). ISBN: 978-1-51790549-1.
A Field Guide to the Natural World of the Twin Cities has
two foci: natural areas in the Twin Cities of Minnesota and the
species that live in each. The geographical scope is the seven
counties that envelop Minneapolis and Saint Paul. The author
describes nine major habitat types that can be found there:
prairie, savanna, big woods, oak woods, wetlands (marshes
and swamps), fens and bogs, lakes, rivers, and urban and
suburban. It is useful to know that “big woods” are not just
woods that are large in extent, but woodlands that occur in
Minnesota and western Wisconsin dominated by sugar maple
(Acer saccharum), American basswood (Tilia americana),
American elm (Ulmus americana), and white oak (Quercus
alba; although some sources say red oak [Quercus rubra]
rather than white oak).
The book’s Introduction provides a useful start to
navigating through the information in the book. Each habitat
type merits a color-coded section, introduced with a twopage photo by Siah L. St. Clair. Superimposed on these
gorgeous scenes are images of a few species typical of the
habitat. Unfortunately, the size and placement of the species
photos added to the landscape photo seem odd, due to either
location or scale.
Introductory text for each habitat type includes dominant
plant species, understories, typical animals, and the like.
Associated with the description of each habitat type is a
text box on a topic relating to current conservation issues.
The introduction to prairies, for example, has a text box on
pollinators, and the chapter on savannas has a text box on
terrestrial invasive species. The lakes section describes the
causes and effects of water-level fluctuations, both natural
and man-made. Other topics include habitat restoration and
urbanization of wildlife.
Mentioned following the habitat introduction are (usually
four) sites in the metro area where the habitat can be found.
Each site features on one page a map displaying major
habitats at the site, and on a second page a site description,
special features, and species to be expected. Maps are very
clear and well-described, especially important for the scale
at which the map is printed. The site description tells how to
get there, what to expect, and the paths and trails available
to explore the area. All sites are publicly owned, by the U.S.
Fish and Wildlife Service, Minnesota Department of Natural
Resources, or a local park district. This book reminds us how
much we owe to those who championed the protection of
Minnesota’s natural landscapes. They recognized that, once
gone, those landscapes could never be re-created, and the
diversity of the landscapes, plants, and animals would be
forever lost.
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After each site description are one-page accounts of
species that are characteristic of the habitat type. Nearly half
of each page is taken up by one to three amazing photos of the
species. St. Clair must have had high-quality equipment and
the patience of Job to capture such images. The text for each
species includes its description, specific habitats used, and
tidbits about its natural history. Did you know the northern
short-tailed shrew (Blarina brevicauda), found in urban and
suburban areas, is the only venomous mammal in the United
States? Or that yellow garden spiders (Argiope aurantia),
found throughout the Twin Cities, always weave a vertical
zig-zag pattern in their web? These are interesting factoids,
but we would have preferred even more information and a
little less white space.
The species featured in this book cover a wide variety of
taxa. The prairie section, for example, includes four grasses,
seven forbs, two butterflies, two other insects, two arachnids,
one amphibian, two reptiles, four birds, and two mammals.
Most species are not restricted to a single habitat type, of
course. Eastern tiger salamanders (Ambystoma tigrinum) are
to be found not only in prairies, where its account lies, but
also in savannas, wetlands, and lakes, as Appendix B points
out. If you do not find a particular species in one of the sites
highlighted, check Appendix A, which identifies additional
metro locations where you can find each habitat type.
Species that are invasive get noted as such, although the
distinction between invasive and exotic is not clearly made. A
few minor errors do not distract; e.g., writing gramma instead
of grama (Bouteloua) grasses (page 45); asserting that a
legume produces rather than fixes nitrogen (page 75); and
stating that male American Redstarts (Setophaga ruticilla)
are black and orange, whereas first-year males, like females,
are black and yellow (page 96).
Whatever level of expertise or experience that readers
have, they will find themselves inspired to get out and
explore new places, search for unfamiliar species, or find
their interest piqued to learn more. There is so much out
there to be discovered! That’s the joy of this book, which
will serve well both residents of and visitors to the Twin
Cities.—Douglas H. Johnson1 and Bonnie Sample2. 1Adjunct
Professor, University of Minnesota, Saint Paul, Minnesota
55108, USA; 2Independent Scientist, Minneapolis, Minnesota
55406, USA.
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BIRDS OF PREY OF THE WEST: A FIELD GUIDE.
Brian K. Wheeler. 2018. Princeton University Press,
Princeton, New Jersey, USA. 360 pages. $27.95 (paper).
ISBN 978-0-691-11718-8.
Birds of prey epitomize much of what attracts us to
birding. Many are large and easy to observe, particularly
in open landscapes. Their predatory nature and behavior
give them an added aura of wildness; their migrations can
be spectacular. And even veteran birders should enjoy the
challenge of identifying the myriad of plumage variations
shown by different ages, sexes, subspecies, and color
morphs. With his newest effort, Birds of Prey of the West,
Brian Wheeler has compiled a comprehensive and enhanced
field guide with illustrations that stunningly capture that
variation, combined with enough additional context to make
it a valuable desk reference for birders of all levels.
The geographic scope of this book is the United States
north of Mexico and west of the Mississippi River, and
Canada west of Manitoba and the western shore of Hudson
Bay, north into Nunavut and across western Canada and
Alaska. It covers nearly all the regularly occurring raptors of
North America, excluding only the Snail Kite (Rostrhamus
sociabilis) of the southeast and a few species of Eurasian
and Mexican vagrants (e.g., Steller’s Sea Eagle [Haliaeetus
pelagicus] and Roadside Hawk [Rupornis magnirostris]). As
such, it may appeal to birders beyond the geography covered,
although a companion volume is also available for the East
(Wheeler 2018).
The Preface clarifies the author’s labor of love in preparing
this book over a 13-year period. Although some may find his
lengthy descriptions of how he arrived at creating this book
and the history of his work as a birder and artist to be selfindulgent, they certainly make one appreciate the massive
scope of this effort by the author of several previous works
on birds of prey (e.g., Clark and Wheeler 1987, Wheeler and
Clark 1995, Wheeler 2003).
The detailed Introduction includes sections on Taxonomy,
Book Format, Identifying Birds of Prey, Age Classification
and Molt Stages, and an Anatomy and Plumage Glossary.
This is followed by Species Accounts for 33 species of hawks,
eagles, vultures, and falcons, each of which begins with one
or more plates illustrating the breadth of plumage variation
by age, sex, subspecies, and color morph (as appropriate).
Each plate is accompanied by text describing Size, Habits,
Food, Flight, and Voice. The plates are followed by a more
extensive section for each species, describing Habitat, Status,
Nesting, Movements, and Comparisons with other species;
many plates include photographs of typical habitats. Detailed
seasonal maps also accompany each species account.
Birds of Prey of the West would be worth the purchase
price solely for the remarkable detail in the Red-tailed Hawk
(Buteo jamaicensis) species account. The 14 plates devoted
to the various subspecies and plumages of the Red-tailed
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Hawk include a staggering 66 illustrations of perched birds,
59 of birds in flight, and 92 of tail, head, feather, and openwing details. They are followed by 27 pages of text, maps
and illustrative photos. Indeed, the detail provided for this
species, which varies so dramatically in the region, might
be the strongest justification for having companion East and
West volumes.
The book is well researched, with abundant surprises
and attention to detail throughout. Never before has one
source illustrated such diverse variation as Sutton’s (southern
Arizona) and Queen Charlotte (coastal western Canada
and southeastern Alaska) Sharp-shinned Hawks (Accipiter
striatus), “bibbed” type Northern Goshawk (A. gentilis), or
the varied number of tail bands shown by Broad-winged
Hawks (B. platypterus), Rough-legged Hawks (B. lagopus),
and Golden Eagles (Aquila chrysaetos). The many range maps
were clearly also based on extensive review and research
from diverse sources (extensively acknowledged). I was able
to discern those localized areas in Montana, my home state,
where species such as Ferruginous Hawk (B. regalis) and
Harlan’s Hawk (B. jamaicensis harlani) are known to winter.
Many people will buy and use the book for the illustrations
first, and then will discover the wealth of other information
contained within. One example is the discussion on molt,
a process poorly understood by many (even experienced)
birders. The section may take several readings for those
that have not spent time as banders or field biologists, but
it is an enlightening discussion of the relationship between
molt patterns, taxonomy, and identification. A bit more
cross-referencing between the text and subsequent figures
to illustrate the patterns described may have improved
this section. The sections for the Aplomado Falcon (Falco
femoralis) and California Condor (Gymnogyps californianus)
include discussions on, not only their status and reasons for
declines, but also the challenges faced by those working on
reintroductions. Lead poisoning, wind tower threats, and
habitat degradation are topics not often covered in “field
guides”.
The inclusion of such a huge amount of content in a field
guide-sized book (13 × 20 cm) did involve some compromises.
Although the font size used in the Introduction and the Redtailed Hawk is reasonable, I found the font size in the text
accompanying the plates to be frustratingly small. Given that
the book will serve better as a shelf reference than field guide
(in my opinion), I think a larger format would have been
preferable. I spent little time looking for typographical errors,
but one inaccuracy did jump out at me: in the “Anatomy and
Plumage Glossary” section, the text erroneously stated “…
three toes in front and two in the rear”.
I found the author’s choice of non-white backgrounds
to truly enhance the impact and contrast of the illustrations,
as he had intended. I also appreciated the author’s choice to
use “repetitive same-position poses for optimal comparison
between similar species”, though the occasional inclusion of a
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similar species might have enhanced some of the plates. I did
find the proportions on many of the flight illustrations to be
less than lifelike; heads often appear to be disproportionately
large and necks too thick. In some cases, overall body shape
seems compressed; I found this to be particularly noticeable
on the Swainson’s Hawk (B. swainsoni) plates. Nevertheless,
there has never been such a comprehensive identification tool
for western raptors, and I really enjoyed using this book to
sort through various winter buteos on the Montana prairie.
Field guides dedicated to a single taxon or groups of taxa
and regional geographies have become increasingly popular
in recent decades. My own bookshelf includes no less than 22
such books, covering everything from seabirds to sparrows,
including five focused on raptors: two earlier works by
this author (Clark and Wheeler 1987, Wheeler and Clark
1996), and three more recent photographic guides (Liquori
2011, Dunne et al. 2012, Crossley 2013). This new effort
complements those resources with minimal redundancy, and
this thoroughly researched, innovative, and comprehensive
guide to western raptors may set a new standard for such
works. This informative, richly illustrated book certainly
deserves a place on the bookshelf of anyone interested in
birds of prey or in the intricacies of bird identification in
general.—Daniel Casey, Coordinator, Northern Great Plains
Joint Venture, 3302 4th Avenue North, Suite 120, Billings,
Montana 59101, USA.
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The Great Plains Natural Science Society
The Great Plains Natural Science Society, formerly the North Dakota Natural Science Society, was founded in 1967 and seeks
to promote interest in and understanding of natural history in the Great Plains, to encourage the conservation of natural resources,
and to provide communication among individuals, institutions, and organizations of like interests. The GPNSS actively promotes
the study of natural history of the Great Plains region, including geology, plants, birds, mammals, fish, insects, and other forms
of life. Together with local, state, and national conservation organizations, the GPNSS fosters natural resource conservation and
preservation of outstanding natural areas. The GPNSS publishes The Prairie Naturalist, a widely read, peer-reviewed journal which
deals with the natural history and environment of the Great Plains region.
The GPNSS is currently composed of a diverse membership, many of whom are professional scientist. Society members have
strong interests in sustainable management of Great Plains natural resources and their habitats. Natural history and ecology of
the Great Plains is the primary focus and interest of the GPNSS, thus, the primary interests and goals of the Society seeks to
promote increased scientific knowledge of the interactions of all Great Plains organisms with their natural environments, enhance
professional stewardship of Great Plains natural resources and their habitats, and encourage use of applied research for informing
Great Plains natural resource policy decisions.
The GPNSS hosts annual meetings and serves host to symposiums covering a broad spectrum of topics. Located jointly within
the Department of Biological Sciences at Western Illinois University and 410 Sunset Lane in Brookings, South Dakota, the GPNSS
takes great pride in working with students, staff, and faculty to foster a greater understanding of the natural history and ecology of
Northern Great Plains organisms and their biota.
First published in 1969 by the University of North Dakota, The Prairie Naturalist has been published by Minuteman Press
since 2013 and fills an important role as the avenue of communication of research on the North American grasslands and their
biota. Research topics include articles investigating Great Plains community and landscape ecologies, species-specific population
dynamics, mammalogy, ornithology, invertebrate zoology, herpetology, ichthyology, botany, animal behavior, infectious diseases,
and biostatistics. This journal offers timely technical information for researchers, educators, students, and the interested public.
Published quarterly, The Prairie Naturalist reaches subscribers throughout the United States and Canada, as well as libraries in
Europe and Asia. A portion of each volume is devoted to shorter and less comprehensive communications (notes) and book reviews.
Manuscripts containing original material not submitted elsewhere are considered for publication; all are reviewed by specialists in
relevant fields.
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