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ABSTRACT

Catostomids are among the most widespread and ecologically important groups of fishes in North America, particularly in large river
systems. Despite their importance, little information is available on their population demographics and even less is known about factors
influencing their population dynamics. The objectives of this study were to describe annual mortality, recruitment variation, and growth of
eight catostomid species, and to evaluate the effects of discharge and temperature on year‐class strength and growth in Iowa rivers.
Catostomids were sampled from 3‐km reaches in four nonwadable rivers during June–August 2009. Northern hogsucker, Hypentelium
nigricans, golden redhorse, Moxostoma erythrurum, and shorthead redhorse, M.macrolepidotum, typically lived 6–8 years, had very stable
recruitment, and had high total annual mortality (i.e., 40–60%). Golden redhorse exhibited the fastest growth of all species. Growth of
northern hogsucker and shorthead redhorse was intermediate to the other catostomids. Highfin carpsucker, Carpiodes velifer, quillback,
Carpiodes cyprinus, and white sucker, Catostomus commersonii, had high growth rates, low mortality (i.e., 25–30%), and relatively stable
recruitment. River carpsucker, Carpiodes carpio, and silver redhorse,M. anisurum, had higher maximum ages (up to age 11), slower growth,
lower total annual mortality (20–25%), and higher recruitment variability than the other species. Neither discharge nor temperature was
strongly related to recruitment of catostomids. In contrast, several interesting patterns were observed with regard to growth. Species (e.g.,
carpsuckers, Carpiodes spp.) that typically consume prey items most common in fine substrates (e.g., chironomids) had higher growth rates
in reaches dominated by sand and silt substrate. Species (e.g., northern hogsucker) that consume prey associated with large substrates (e.g.,
plecopterans) had much faster growth in reaches with a high proportion of rocky substrates. Temperature was weakly related to growth of
catostomids; however, discharge explained a substantial amount of the variation in growth of nearly all species. Results of this study provide
important information on the autecology of catostomids that can be used for comparison among species and systems. These data also suggest
that connection of rivers with their floodplain is an important feature for catostomids in temperate river systems. Published in 2011 by
John Wiley & Sons, Ltd.
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INTRODUCTION

Large rivers are considered among the world’s most dynamic,
diverse, and complex ecosystems and serve a number of
human needs, including routes for transportation, and as
sources of food, industrial and municipal water, power, and
recreation (Dynesius and Nilsson, 1994; Spink et al., 1998).
Unfortunately, large rivers are also among our most severely
degraded systems because of the negative effects of
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impoundment, channelization, discharge of pollutants from
urban and industrial sources, and high nutrient and sediment
loads (Jurajda, 1995; Puckridge et al., 1998; Bunn et al., 1999;
Rosenberg et al., 2000; Turner and Rabalais, 2003; Nilsson
et al., 2005; Rinne et al., 2005). In turn, degradation of physical
and chemical habitat has had a variety of negative effects on
aquatic organismswhere 35% of fish, 75% of unionidmussels,
and 65% of crayfishes in North America are imperiled or have
gone extinct, compared with only 11–14% of terrestrial
vertebrates (i.e., birds, mammals, and reptiles; Master, 1990).
Anthropogenic effects on aquatic ecosystems are particularly
evident in the midwestern US where row‐crop agriculture,
pasture, and urban development dominate watershed land uses
(Wehmeyer et al., 2011). For example, more than 85% of the
landscape in Iowa has been altered by either agriculture or
urban development (Natural Resources Conservation Service,
2000). Like much of North America, these disturbances have
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had a significant effect on aquatic biota in stream and river
systems. Of the 297 species classified by the Iowa Department
of Natural Resources as species of greatest conservation
need (SGCN), 135 (48.4%) are aquatic species with fishes
representing the highest proportion of sensitive species (24.4%
of all SGCN;Zohrer, 2006). In addition, approximately 44%of
Iowa’s native fishes are identified as SGCN, a proportion
exceeded only by freshwater mussels (53% of all mussel
species are SGCN). Although a few of these fish species are
found in small streams and lakes, most are restricted to large
river systems (e.g., western silvery minnow, Hybognathus
argyritis). Catostomids are of particular interest in Iowa and
elsewhere because of their widespread distribution and
because an increasing number of species are considered
vulnerable, threatened, or endangered (Cooke et al., 2005).
Catostomids are among the most diverse groups of fishes in

North America and although they are common in nearly all
aquatic habitats, from small streams to wetlands, they are
especially prevalent in large rivers (Minckley and Deacon,
1991; Jenkins and Burkhead, 1994; Cooke et al., 2005). For
instance, Bunt and Cooke (2001) found that catostomids
(primarily redhorse, Moxostoma spp.) dominated the total
biomass of the fish assemblage in middle reaches of the Grand
River, Ontario, Canada. Neebling and Quist (2010) reported
that catostomids were among the most widely distributed
groups of fishes in nonwadable rivers across Iowa and
comprised nearly 65% of the total fish biomass sampled.
Probably because of their ubiquity and abundance, catostomids
are also important components of commercial, recreational,
and subsistence fisheries in river systems (Carlander, 1954;
Harlan et al., 1987; Scoppettone and Vinyard, 1991; Markle
and Cooperman, 2002; Cooke et al., 2005). Although
catostomids maintain social, economic, and ecological
importance, little research has focused on their population
characteristics.
Understanding the demographics (e.g., age structure,

longevity) and dynamics (e.g., somatic growth) of fish
populations is central to management and conservation
activities (Ricker, 1975; Allen and Hightower, 2010). Fish
population dynamics are often compartmentalized to include
recruitment, mortality, and growth (typically termed dynamic
rate functions; Ricker, 1975). Recruitment is considered the
governing yet most variable component of fish population
dynamics (Gulland, 1982). Consequently, understanding
factors related to year‐class strength and recruitment variabil-
ity continues to be an active area of research in fishery science
(Brunel andBoucher, 2007; Zeug andWinemiller, 2008; Zhao
et al., 2009). Mortality is also an important component of fish
population dynamics, and changes in mortality often reflect
alterations in physical or chemical habitat conditions,
biological interactions, or exploitation (e.g., Johnson, 2007;
Swain et al., 2007). Although recruitment and mortality
play critical roles in regulating the number of fish in a
Published in 2011 by John Wiley & Sons, Ltd.
population, growth is particularly important from an
ecological perspective (DeVries and Frie, 1996). Nearly all
events in a fish’s life history are regulated by size; thus, growth
of an individual has a direct influence on survival and
reproduction (e.g., Quinn and Peterson, 1996). As such,
describing growth rates and understanding factors influencing
growth is critical not only for understanding population
dynamics but also for better understanding how ecosystems
function (e.g., nutrient and energyflow;McIntyre et al., 2008).
A number of conceptual frameworks have been proposed

for understanding the structure and function of lotic systems
and for conceptualizing factors that might influence fish
population dynamics. Of particular relevance is the flood
pulse concept (FPC) that was developed to describe the
function of large, floodplain rivers (Junk et al., 1989). The
FPC contends that the most important hydrologic feature of
large rivers is the annual flood pulse that connects the river to
its floodplain. As a result, the FPC argues that the majority of
a river’s productivity is derived from the floodplain rather
than from simple downstream transport. During flood
conditions, some organisms move onto the floodplain to
secure new resources and spawn. When flood waters recede,
nutrients, organic matter, and organisms (e.g., insects,
juvenile fishes) are transported back to the main channel.
Most research focused on the FPC has been conducted on
tropical systems (Junk et al., 1989), and although research
on temperate floodplain systems has increased over the last
10–15 years (e.g., Rutherford et al., 1995; Schramm and
Eggleton, 2006; Shoup andWahl, 2009), comparatively little
is known about how floodplain dynamics influence fish
populations in temperate river systems. This study was
conducted to describe recruitment, mortality, and growth,
and to evaluate factors related to recruitment and growth of
catostomids in four large Iowa river systems. We were
particularly interested in testing the hypothesis that warm
temperature and high flows (i.e., flood) would have a positive
effect on recruitment and growth of catostomids.
METHODS

Four 3‐km long sampling reaches were identified on the
Boone, North Raccoon, Shell Rock, andWapsipinicon rivers
in Iowa (Figure 1). Reaches were selected to encompass the
diversity of habitat characteristics (Table I) and catostomid
assemblages typical of large, nonwadable rivers in Iowa
(Neebling and Quist, 2010). All four rivers are located in the
Mississippi River basin, and all are fifth‐order (i.e., Strahler
stream order) systems at the location of sampling. The Boone
and North Raccoon rivers originate in north‐central Iowa and
flow south where they meet the Des Moines River in central
Iowa. The Des Moines River reaches the Mississippi River
at the extreme southeastern corner of the state near
River Res. Applic. 28: 1567–1586 (2012)

DOI: 10.1002/rra



Figure 1. Location of sampling reaches from four nonwadable river systems in Iowa, 2009.
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Keokuk, Iowa. The Shell Rock River originates in south‐
central Minnesota, flows south through northeastern Iowa,
and reaches the Cedar River at Columbus Junction, Iowa.
The Cedar River meets the Iowa River and flows east to the
Mississippi River near Iowa City, Iowa. The Wapsipinicon
River originates in south‐central Minnesota and flows south
and east to meet the Mississippi River near Clinton, Iowa.
Although the landscape of Iowa has been highly altered by
agriculture, other major anthropogenic disturbances to the
river systems are minimal. Specifically, none of the study
rivers are influenced by large dams, connections with the
floodplain are common due to the lack of extensive
channelization and levees (especially near the study reaches),
and riparian forests are well developed in all four river
systems (Neebling and Quist, 2010).
Table I. Mean annual discharge (1955–2009; m3/s), wetted and bank‐full
sand), percentage of large rocky substrate (%; gravel, cobble, boulder), an
in Iowa, 2009

River Discharge Width D

Wetted Bank‐full

Boone 21.3 (2.3) 39.0 (8.6) 49.9 (9.8) 1.
North Raccoon 35.2 (2.8) 43.0 (15.4) 72.8 (13.4 0.
Shell Rock 44.4 (3.5) 65.1 (10.4) 76.8 (12.9) 1.
Wapsipinicon 24.5 (1.9) 68.7 (18.2) 87.5 (23.8) 1.

Number in parenthesis represents one standard error.

Published in 2011 by John Wiley & Sons, Ltd.
Fishes were sampled from each reach using pulsed‐DCboat
electrofishing (Smith‐Root VVP‐15B; Smith‐Root, Inc.,
Vancouver, WA) during June–August 2009. Catostomids
were identified, measured to the nearest millimeter (total
length), and weighed to the nearest gram. The left marginal
pectoral fin ray was removed by cutting just proximal to the
point of where the fin ray joined the body wall (Koch et al.,
2008; Spiegel et al., 2010). After drying, fin rays were
mounted in epoxy following themethods provided in the study
byKoch andQuist (2007). Fin rays were cut into 1.0‐mm thick
sections using a low‐speed saw (Buehler Isomet; Buehler, Inc.,
Lake Bluff, IL). Sections were aged with a stereoscope
connected to a computer. Measurements of annulus spacing
and fin ray radii were obtained using image analysis software
(Image ProPlus; Media Cybernetics, Inc., Bethesda, MD).
channel width (m), depth (m), percentage of fine substrate (%; silt,
d volume of large woody debris (m3/km) in four nonwadable rivers

epth Substrate Large woody debris

Fine Rocky

1 (0.4) 60.2 (16.0) 28.5 (14.9) 4.5 (2.5)
9 (0.6) 81.4 (18.1) 12.8 (7.4) 19.5 (11.3)
2 (0.8) 30.4 (12.4) 65.4 (14.3) 7.6 (2.9)
2 (0.5) 98.1 (11.1) 0.7 (0.4) 5.5 (2.6)
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All fin ray sections were independently aged by two readers.
Readers assigned ages without knowledge of the fish’s length
or the age estimate of the other reader. When disagreements
occurred between age estimates (<10% of fish), readers
attempted to reach a consensus age. Fish were removed from
further analysis if readers could not agree on an age. The
accuracy of using fin rays for estimating age has not been
evaluated for all of the species examined in this study.
However, formation of annuli in pectoral fin rays has been
validated for a number of species (e.g., lake sturgeon,
Acipenser fulvescens; Bruch et al., 2009), including shorthead
redhorse (Harbicht, 1990).
Total annual mortality (A) was estimated using a weighted

catch curve (Miranda and Bettoli, 2007). Only age‐3 and older
fish appeared to be consistently recruited to the sampling gear;
thus, A was estimated for age‐3 and older fish.
Evaluating recruitment is best accomplished using long‐

term data collected with standard methods. Because such
data are often lacking for fish populations, particularly for
little‐studied species like those in the current study,
techniques have been developed to index year‐class strength
and recruitment variability using age structure data from
one‐time samples. Maceina (1997) described a technique of
using Studentized residuals from catch–curve regressions as
an index of year‐class strength (hereafter termed the residual
technique). Positive residuals represent strong year‐classes
and negative residuals represent weak year‐classes. Two
methods have been proposed to index recruitment variabil-
ity. The first method, termed the recruitment coefficient of
determination (RCD; Isermann et al., 2002) is the coefficient
of determination (R2) resulting from a catch curve. In
populations with stable recruitment, age explains most of the
variation in the number of fish at each age (i.e., via mortality)
thereby resulting in highRCDvalues. Inconsistent recruitment
results in less predictable trends in the number at age and
therefore low RCD values. The other method, the recruitment
variability index (RVI), was developed by Guy and Willis
(1995). The RVI is estimated as

RVI ¼ SN= NM þ NPð Þ½ �– NM=NPð Þ

where SN is the sum of the cumulative relative frequencies
across year‐classes included in the sample, NM is the number
of year‐classes missing from the sample (year‐classes beyond
the oldest year‐class in the sample are excluded), andNP is the
number of year‐classes present in the sample (NP must be
greater than NM). Recruitment variability index values vary
from −1 to 1, with values close to 1 representing stable
recruitment. The RVI is more sensitive tomissing year‐classes
than RCD (Isermann et al., 2002; Quist, 2007). The RCD and
RVI assume that total mortality is equal among year‐classes,
and the RCD further assumes that variation in the number of
fish at each age not explained by age is solely a function of
Published in 2011 by John Wiley & Sons, Ltd.
recruitment variation. The residual technique was used to
identify strong andweak year‐classes, and RCD andRVI were
used to characterize recruitment variability for catostomid
populations in each reach.
Mean back‐calculated lengths at age were estimated

using the Dahl‐Lea method (DeVries and Frie, 1996)

Li ¼ Lc � Si=Scð Þ
where Li is the length at annulus i, Lc is the length at capture,
Si is the fin ray radius at annulus i, and Sc is the fin ray radius
at capture. Growth was also summarized by fitting von
Bertalanffy growth models to each species at each reach
(von Bertalanffy, 1938):

Lt ¼ L∞ 1−e−K t−tð Þ0
� �

where Lt is the mean length at age of capture, L∞ is the
theoreticalmaximum length,K is the growth coefficient, and t0
is the theoretical age when length equals 0mm. Growth
models were fit to Lt data using nonlinear regression
techniques (Freund and Littell, 1991).
Much like recruitment variation, long‐term data sets are

often required to examine factors related to variation in growth
among years. Fortunately, techniques have been developed to
examine patterns in growth from short‐term (e.g., one‐time)
samples. Hard structures (e.g., fin rays) contain data that span
the life of the fish. Accessing this information has traditionally
been problematic for a variety of reasons. A particular problem
is that growth of fish is a function of both environmental
conditions in a given year and the size of the individual; thus,
the effect of a given year is confoundedwith the size or age of a
fish. Weisberg (1993) proposed using a fixed‐effects linear
model to partition annual growth increments into a size or
“age” effect and an environmental or “year” effect. The
method has a few limitations, including the fact that the model
ignores within‐fish correlations in growth and correlations
between fish in the same year. Also, comparisons among
studies, locations, or periods are nearly impossible because of
how the effects are estimated. More recently, Weisberg et al.
(2010) refined the method to overcome these shortcomings.
Instead of fixed‐effects models, mixed‐effects models are used
to examine the effects of age and year on growth increments.
As such, a repeated‐measures mixed‐effects model as
described by Weisberg et al. (2010) was used to evaluate
factors influencing growth of catostomids in Iowa rivers. Age
was treated as a fixed effect, year was a random effect in the
model, and repeatedmeasures were taken from individual fish.
An autoregressive covariance structure was used in all models
(SAS, 2005; Weisberg et al., 2010).
Although describing catostomid rate functions was an

important objective of the study, the other objective was to
understand factors related to the population dynamics of the
River Res. Applic. 28: 1567–1586 (2012)
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study species. We focused on temperature and discharge as
possible factors influencing recruitment and growth of
catostomids. Water temperature data were unavailable for
the study reaches; therefore, air temperature data (°C) were
obtained from National Oceanic and Atmospheric Adminis-
tration weather stations. All weather stations were within
70 km of the sampling reaches. Mean air temperature during
the growing season (defined as 1 April to 30 September) was
estimated for each year and used as an independent variable in
regression models (see below). Discharge (m3/s) data from
1955 to 2009 were obtained from U.S. Geological Survey
gaging stations. The nearest gaging station was selected for
each reach; all stationswerewithin 30 kmof sampling reaches.
Similar to air temperature, mean discharge during the growing
seasonwas estimated for each year.Wewere unable to quantify
the extent and duration of flooding in the reaches; however,
flows near the 75th percentiles (Figure 2) typically result
in connections with the floodplain (Needham et al., 2000;
Boone
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Figure 2. Mean annual discharge for four nonwadable river systems
in Iowa. Solid line represents the average annual discharge, and
dashed lines represent the 25th and 75th percentiles of annua

discharge from 1955 to 2009.
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Mutel, 2010). An excellent example is when discharge
exceeded the 75th percentile in 2008, and all of the study
rivers experienced extensive flooding (Mutel, 2010). The
number of days during the growing season with discharge
greater than the 75th percentile in discharge (i.e., estimated
using data from1955 to 2009)was estimated for each reach and
used as an index of flooding. The number of days with
discharge exceeding the 75th percentile was used as an
independent variable in regression models.
An information‐theoretic approach was used to choose

among competing linear multiple‐regression models devel-
oped to explain variation in recruitment and growth (Burnham
and Anderson, 2002). The information‐theoretic approach
relies on an accumulation of evidence for a priori hypotheses
and fosters the concept of statistical evidence and level of
support for each model and its alternatives. We developed
three models for each species and reach, including a model
with just temperature, just discharge (i.e., days with discharge
exceeding the 75th percentile), and both temperature and
discharge (additive effects). Models were developed using
year‐class strength (i.e., catch–curve residuals) and growth
increments as dependent variables. Akaike’s information
criterion corrected for small sample bias (AICc) was used to
compare candidate models; the best model is the one with the
lowest AICc (Burnham and Anderson, 2002). Akaike weights
(wi) were used to assess the relative plausibility of each
candidate model as described by Burnham and Anderson
(2002). Evidence ratios were calculated to provide strength of
evidence for the model with the lowest AICc by dividing the
maximum observed wi (i.e., lowest AICc) by the model’s wi.
Although the information‐theoretic method selects the best
model from a series of competing models, the competing
models could all be poor models. Thus, the coefficient of
determination (R2) was calculated for eachmodel to provide an
indication of model fit.
RESULTS

A total of 1161 individual catostomids representing eight
species and four genera was sampled from the sampling
reaches. Although species composition varied among
reaches, carpsuckers and redhorse (particularly golden red-
horse, Moxostoma erythrurum, and shorthead redhorse,
M.macrolepidotum) dominated the samples (92.4% of all
individuals; Table II). All of the species were relatively
abundant in all reaches. The only exceptions were that river
carpsucker, Carpiodes carpio, was absent from the Wapsipi-
nicon River; only one river carpsucker was sampled from the
Shell RockRiver; andwhite sucker,Catostomus commersonii,
was only sampled in the Boone River. A few species tended to
dominate the catostomid assemblage at each reach. For in-
stance, river carpsucker and shorthead redhorse were the most
River Res. Applic. 28: 1567–1586 (2012)
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abundant species in the North Raccoon River, shorthead
redhorse dominated the catostomid assemblage in the Shell
Rock River, and highfin carpsucker,Carpiodes velifer, golden
redhorse, and shorthead redhorse were the most abundant
catostomids in the Wapsipinicon River (Table II).
Maximum age of catostomids varied from 3 to 11 years

among species and was highly variable among reaches. On
average, river carpsucker had the highest maximum age,
followed by silver redhorse, Moxostoma anisurum, and
quillback, Carpiodes cyprinus (Table II). Mean back‐
calculated lengths at age were highly variable among species
and reaches. Carpsuckers and shorthead redhorse tended to
grow fastest in theWapsipinicon, North Raccoon, and Boone
rivers and slowest in the Shell Rock River. Northern
hogsucker, Hypentelium nigricans, golden redhorse, and
silver redhorse tended to grow fastest in the Shell Rock River.
Among species, silver redhorse and river carpsucker tended
to have the highest theoretical maximum lengths (Table II).
Total annual mortality estimates varied from 0.18 to 0.62

among species and reaches (Table II). Northern hogsucker,
golden redhorse, and shorthead redhorse had the highest
average mortality estimates; whereas, silver redhorse and river
carpsucker had the lowest estimates of A. Northern hogsucker,
golden redhorse, and shorthead redhorse had the most stable
recruitment (i.e., highest RCD and RVI values) across reaches
(Table II). Silver redhorse and river carpsucker tended to have
the most unstable recruitment of the eight catostomid species.
As might be expected from RCD and RVI index values, year‐
class strength was highly variable among species, reaches, and
years (Figure 3). Temperature and the number of days
exceeding the 75th percentile in discharge explained little
variation in year‐class strength of catostomids (R2 generally
less than 0.30; Table III). The only model that explained a
substantial amount of variation in year‐class strength was for
northern hogsucker in the Boone River. Although the models
did not explain much variation in recruitment, all relationships
between year‐class strength and discharge were negative,
except for white sucker in the Boone River. The direction of
influence for temperature was highly variable among species
and reaches.
Mixed‐models of fish growth provided several insights

on growth of catostomids. Growth increments declined with
increasing age for all species and patterns were similar
among river systems (Figure 4). In contrast, growth
increments of catostomids were highly variable among
years for all species‐reach combinations (Figure 5). Unlike
recruitment, growth of catostomids was closely related to
discharge (Table IV). The best model across species and
reaches was consistently the model with just the number of
days where discharge exceeded the 75th percentile. More
than 50%, and sometimes more than 70%, of the variation
in growth was typically explained by discharge during the
growing season. The relationship between discharge and
Published in 2011 by John Wiley & Sons, Ltd.
growth was positive for all species, except silver redhorse in
the North Raccoon River and golden redhorse in the Shell
Rock River. Temperature added little explanatory power.
DISCUSSION

Nonwadable rivers remain one of the least studied
ecosystems and catostomids are among the most poorly
understood groups of fishes in North America (Cooke et al.,
2005; Flotemersch et al., 2006). Only recently has research
begun to examine fish assemblages and conceptualize the
structure and function of temperate nonwadable river
systems (Lyons et al., 2001; Flotemersch et al., 2006;
Neebling and Quist, 2010). This study contributes to those
efforts where the population demographics of catostomids
in Iowa rivers were found to be highly variable among
species and rivers. Although catostomids are common fishes
that occur in a variety of habitats across North America,
little has been reported on their basic life‐history character-
istics and population demographics making comparison
among populations and species difficult. Nevertheless, a
few studies have been published that allow results of the
current study to be integrated with existing knowledge of
catostomids. Grabowski et al. (2008) estimated total annual
mortality for four catostomids in the Savannah River, South
Carolina and Georgia, and found that mortality was around
40% for robust redhorse, Moxostoma robustum, and 46%
for notchlip redhorse, M. collapsum. Mortality was higher
for northern hogsucker (A= 52%) and spotted sucker,
Minytrema melanops, (A= 57%). Reid (2009) found that
total annual mortality was 23% for black redhorse,
Moxostoma duquesnei, and 21% for shorthead redhorse in
the Grand River, Ontario. Total annual mortality estimates
for catostomids in Iowa were similar to those reported in the
literature where mortality varied from 18% for silver
redhorse in the Shell Rock River to 62% for shorthead
redhorse in the North Raccoon River. On average, northern
hogsucker, golden redhorse, and shorthead redhorse had the
highest mortality (i.e., >40%), whereas carpsuckers and
silver redhorse tended to have the lowest mortality (i.e.,
<30%).
Similar to mortality, quantifying recruitment variation is

important for understanding the dynamics of fish popula-
tions. The RCD and RVI are relatively new techniques for
indexing recruitment variability but have proven useful in
providing insight on fish population dynamics. For
example, Guy and Willis (1995) found that RVI values
(minimum‐maximum; 0.18–0.99) for black crappie,
Pomoxis nigromaculatus, populations in small South Dakota
lakes was related to lake and watershed morphology. Highly
dendritic systems and lakes with high watershed to lake area
ratios tended to have more stable recruitment compared with
River Res. Applic. 28: 1567–1586 (2012)
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systems with low watershed to lake area ratios or circular
lakes. Reduced effects of wind and higher water during the
spawning season were thought to have contributed to
stable recruitment. Paukert and Willis (2004) used the RVI
(0.09–0.92) to evaluate recruitment of largemouth bass,
Micropterus salmoides, in Nebraska lakes and found that
shallow lakes with high densities of emergent vegetation
Figure 3. Residuals from catch curves regressions for catostomids samp
include highfin carpsucker (HFCS), quillback (QBCK), river carpsucker
shorthead redhorse (SHRH), silver redhorse (SVRH), and white sucker (W

residuals represent years with

Published in 2011 by John Wiley & Sons, Ltd.
had stable largemouth bass recruitment. Quist (2007)
found that RCD values for walleye, Sander vitreus, varied
from 0.25 to 0.70 and RVI varied from 0.29 to 0.76 across
eight reservoirs in Kansas. Isermann et al. (2002) provided
estimates of RCD that varied from 0.01 to 1.0, and RVI that
varied from –0.20 to 0.99 across 122 white crappie, Pomoxis
annularis, populations in the US. Although patterns in
led from four nonwadable river systems in Iowa, 2009. Species
(RVCS), northern hogsucker (NHGS), golden redhorse (GORH),
HSK). Positive residuals indicate strong year classes, and negative
poor year‐class strength.
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Table III. Multiple‐regression models predicting year‐class strength of catostomids sampled from four nonwadable rivers in Iowa, 2009

Species Variable(s) RSS AICc wi %Max wi ER R2

Boone River
Highfin carpsucker Q75 0.759 −11.456 0.584 100 1.000 0.22

Temp 0.827 −10.685 0.397 67.9 1.471 0.15
Q75 +Temp 0.728 −4.632 0.019 3.3 30.336 0.25

Quillback Q75 0.697 −7.523 0.873 100 1.000 0.39
Temp 1.149 −3.523 0.118 13.5 7.390 <0.01
Q75 +Temp 0.685 1.671 0.009 1.0 99.206 0.40

River carpsucker Temp 0.334 −13.404 0.703 100 1.000 0.23
Q75 0.419 −11.594 0.284 40.5 2.471 0.04
Q75 +Temp 0.293 −5.123 0.011 1.6 62.828 0.33

Northern hogsucker Q75 0.252 −9.269 0.987 100 1.000 0.72
Temp 0.899 −0.367 0.012 1.2 85.754 <0.01
Q75 +Temp 0.230 4.091 0.001 0.1 796.538 0.74

Golden redhorse Q75 0.177 −11.743 0.835 100 1.000 0.37
Temp 0.282 −8.486 0.164 19.6 5.095 <0.01
Q75 +Temp 0.156 1.373 0.001 0.1 704.841 0.45

Shorthead redhorse Temp 1.179 1.531 0.514 100 1.000 0.07
Q75 1.199 1.649 0.485 94.3 1.061 0.06
Q75 +Temp 1.169 15.472 0.001 0.1 >1000 0.08

Silver redhorse (a)
White sucker Temp 0.617 4.348 0.596 100 1.00 0.14

Q75 0.702 5.127 0.404 67.8 1.476 0.03
Q75 +Temp 0.606 34.245 <0.001 <0.1 >1000 0.16

North Raccoon River
Highfin carpsucker Q75 0.431 2.206 0.549 100 1.000 0.19

Temp 0.461 2.603 0.451 81.9 1.219 0.14
Q75 +Temp 0.423 32.087 <0.001 <0.1 >1000 0.21

Quillback (a)
River carpsucker Q75 2.483 −6.944 0.750 100 1.000 0.23

Temp 3.230 −4.051 0.177 23.5 4.249 <0.01
Q75 +Temp 2.355 −2.288 0.73 9.7 10.257 0.27

Northern hogsucker (a)
Golden redhorse (a)
Shorthead redhorse Temp 0.210 −2.102 0.681 100 1.000 0.28

Q75 0.271 −0.584 0.319 46.8 2.135 0.07
Q75 +Temp 0.206 27.770 <0.001 <0.1 >1000 0.30

Silver redhorse Temp 0.131 −39.306 0.715 100 1.000 0.21
Q75 0.161 −37.038 0.230 32.2 3.108 0.03
Q75 +Temp 0.130 −34.153 0.054 7.6 13.156 0.21

White sucker (a)
Shell Rock River

Highfin carpsucker Q75 0.562 −9.249 0.639 100 1.000 0.14
Temp 0.652 −8.056 0.352 55.1 1.816 <0.01
Q75 +Temp 0.502 −0.815 0.009 1.5 67.843 0.23

Quillback Q75 0.573 −18.595 0.602 100 1.000 0.10
Temp 0.635 −17.567 0.360 59.8 1.671 <0.01
Q75 +Temp 0.547 −13.059 0.038 6.3 15.924 0.14

River carpsucker (a)
Northern hogsucker Q75 1.322 −2.402 0.647 100 1.000 0.20

Temp 1.547 −1.145 0.345 53.3 1.875 0.06
Q75 +Temp 1.263 6.566 0.007 1.1 88.592 0.23

Golden redhorse Temp 1.248 −6.981 0.551 100 1.000 0.21
Q75 1.309 −6.483 0.429 77.9 1.283 0.16
Q75 +Temp 1.175 −0.324 0.019 3.6 27.903 0.25

Shorthead redhorse Temp 2.810 3.629 0.589 100 1.000 0.09
Q75 3.089 4.387 0.404 68.5 1.460 <0.01
Q75 +Temp 2.764 12.831 0.006 1.0 99.548 0.11

(Continues)
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Table III. (Continued)

Species Variable(s) RSS AICc wi %Max wi ER R2

Boone River
Silver redhorse Temp 1.083 −12.229 0.565 100 1.000 0.08

Q75 1.157 −11.568 0.406 71.9 1.392 0.01
Q75 +Temp 1.081 −6.247 0.028 5.0 19.901 0.08

White sucker (a)
Wapsipinicon River

Highfin carpsucker Temp 0.118 −5.582 0.538 100 1.000 0.08
Q75 0.124 −5.275 0.858 159.3 0.628 0.03
Q75 +Temp 0.107 23.839 <0.001 <0.1 >1000 0.16

Quillback Temp 0.801 −6.413 0.591 100 1.000 0.23
Q75 0.881 −5.649 0.403 68.3 1.465 0.15
Q75 +Temp 0.799 2.903 0.006 0.9 105.389 0.23

River carpsucker A
Northern hogsucker Q75 0.172 −11.943 0.671 100 1.000 0.19

Temp 0.211 −10.513 0.328 48.9 2.045 <0.01
Q75 +Temp 0.164 1.723 <0.001 0.1 928.251 0.22

Golden redhorse Temp 6.927 8.444 0.623 100 1.000 0.17
Q75 7.839 9.557 0.357 57.3 1.745 0.06
Q75 +Temp 6.708 15.355 0.019 3.2 31.672 0.19

Shorthead redhorse Temp 0.308 −19.574 0.548 100 1.000 0.05
Q75 0.324 −19.118 0.437 79.6 1.256 <0.01
Q75 +Temp 0.308 −12.374 0.015 2.7 36.598 0.05

Silver redhorse (a)
White sucker (a)

The lowercase letter “a” indicates that the values are not estimable.
Independent variables include the number of days where discharge exceeded the 75th percentile (percentile estimated using data from 1955 to 2009; Q75) and
mean temperature during the growing season (i.e., 1 April to 30 September). Akaike’s information criterion corrected for small sample size (AICc), Akaike
weight (wi), percent of the maximum wi, (%Max wi), and the evidence ratio (ER = max wi/wi) were used to evaluate candidate models. The AICc values were
calculated from the number of model parameters, sample size, and the residual sum or squares (RSS). Bold variables indicate that the direction of influence was
negative in the model. The coefficient of determination (R2) is provided as an indication of model fit.

CATOSTOMID POPULATION DYNAMICS IN IOWA RIVERS 1577
recruitment variation among species and reaches were not
evident in our study, recruitment of catostomids appears to
be more stable than for other species reported in the
literature. Specifically, RCD was typically greater than 0.50
and often above 0.80, and RVI was generally greater than
0.60 across species and reaches. The current study
contributes to the growing literature on patterns in
recruitment variability of freshwater fishes; however, further
research across a variety of systems and species is needed to
better characterize general patterns in recruitment stability.
Several patterns were observed with regard to growth of

catostomids in Iowa rivers. Mean back‐calculated lengths at
age of carpsuckers and shorthead redhorse were highest in
the North Raccoon, Wapsipinicon, and Boone rivers,
whereas growth of northern hogsucker, golden redhorse,
and silver redhorse was highest in the Shell Rock River.
These differences are probably because of the ecology of
the study species and differences in habitat characteristics
among reaches.
The trophic ecology of catostomids is highly diverse and

displays elements of both similarity and dissimilarity among
taxonomic groups. The diet of carpsuckers is typically
Published in 2011 by John Wiley & Sons, Ltd.
dominated by plant material and detritus, and when benthic
invertebrates are consumed, they are typically dipterans
(primarily chironomids) and oligochaetes (Cahn, 1927;
Buchholz, 1957; Beecher, 1979). Similar to carpsuckers,
shorthead redhorse diets are often dominated by dipter-
ans, oligochaetes, algae, and detritus (Jenkins, 1970; Becker,
1983; Sule and Skelly, 1985; Jenkins and Burkhead, 1994).
In contrast, northern hogsucker, golden redhorse, and silver
redhorse consume a high proportion of invertebrates and
only small amounts of plant material (Cahn, 1927; Meyer,
1962; Minckley, 1963; Gatz, 1979; Smith, 1977; Becker,
1983; Jenkins and Burkhead, 1994). Not only are
invertebrates a primary component of the diet, but those
consumed include a diverse array of mollusks, insects (e.g.,
Diptera, Ephemeroptera, Trichoptera), and crustaceans
(Cahn, 1927; Meyer, 1962; Gatz, 1979). Recent research
in Iowa on the trophic ecology of catostomids supports the
observations reported by previous researchers (Spiegel,
2010). Given differences in the ecology of the study
species, dissimilarities in habitat and the corresponding
macroinvertebrate assemblage may help explain differences
in growth among reaches.
River Res. Applic. 28: 1567–1586 (2012)
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Figure 4. Growth increment (mm) estimates by age for catostomids sampled from nonwadable river systems in Iowa, 2009. Species include
highfin carpsucker (HFCS), quillback (QBCK), river carpsucker (RVCS), northern hogsucker (NHGS), golden redhorse (GORH), shorthead

redhorse (SHRH), silver redhorse (SVRH), and white sucker (WHSK).

M. C. QUIST AND J. R. SPIEGEL1578
Growth of carpsuckers and shorthead redhorse was
highest in the Wapsipinicon, North Raccoon, and Boone
rivers. Substrate in the North Raccoon and Wapsipinicon
rivers, and to a lesser extent the Boone River, was
dominated by sand and silt. Both silt and sand are
considered poor substrate for maintaining diverse assem-
blages of macroinvertebrates (Ward, 1992; Allan, 1995).
Although taxa specialized for life in sand and silt may be
Published in 2011 by John Wiley & Sons, Ltd.
locally abundant (e.g., Caenis spp., Hexagenia spp.),
chironomids and oligochaetes typically dominate macro-
invertebrate assemblages and can often reach very high
densities in fine substrate (Strommer and Smock, 1989;
Quinn and Hickey, 1990; Ward, 1992). Consequently, fast
growth of carpsuckers and shorthead redhorse in systems
with a high proportion of fine substrate may be a reflection
of the availability and importance of dipterans (particularly
River Res. Applic. 28: 1567–1586 (2012)
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Figure 5. Growth increment (mm) estimates by year for catostomids sampled from nonwadable river systems in Iowa, 2009. Species include
highfin carpsucker (HFCS), quillback (QBCK), river carpsucker (RVCS), northern hogsucker (NHGS), golden redhorse (GORH), shorthead

redhorse (SHRH), silver redhorse (SVRH), and white sucker (WHSK).

CATOSTOMID POPULATION DYNAMICS IN IOWA RIVERS 1579
chironomids) and oligochaetes in their diet. Northern
hogsucker, golden redhorse, and silver redhorse grew
fastest in the Shell Rock River, which had a much higher
proportion of large rocky substrate than the other reaches.
Unlike fine substrates that are often depauperate, rocky
substrates maintain a high diversity of macroinvertebrates,
particularly insects and mollusks (Ward, 1992; Downes
et al., 2000; Voelz andMcArthur, 2000; Litvan et al., 2008).
Published in 2011 by John Wiley & Sons, Ltd.
In addition, taxa such as ephemeropterans, trichopterans, and
plecopterans are often most abundant on rocky substrates
(Ward, 1992). Fast growth of northern hogsucker, golden
redhorse, and silver redhorse in the Shell Rock River likely
reflects the diversity and availability of prey items, including
taxa like ephemeropterans and trichopterans.
In addition to describing population characteristics of

catostomids in Iowa rivers, a primary focus of this research
River Res. Applic. 28: 1567–1586 (2012)
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Table IV. Multiple‐regression models predicting growth of catostomids sampled from four nonwadable rivers in Iowa, 2009

Species Variable(s) RSS AICc wi %Max wi ER R2

Boone River
Highfin carpsucker Q75 659.917 49.454 0.783 100 1.000 0.27

Temp 900.689 52.253 0.193 24.7 4.054 0.01
Q75 +Temp 646.651 56.471 0.023 2.9 33.402 0.29

Quillback Q75 317.430 41.447 0.939 100 1.000 0.54
Temp 656.116 47.255 0.051 5.5 18.253 0.04
Q75 +Temp 308.155 50.543 0.009 1.1 94.448 0.55

River carpsucker Q75 269.996 40.152 0.951 100 1.000 0.58
Temp 594.296 46.463 0.040 4.3 23.473 0.08
Q75 +Temp 269.952 49.484 0.009 0.9 106.273 0.58

Northern hogsucker Q 195.992 37.325 0.971 100 1.000 0.66
Temp 542.269 44.449 0.028 2.8 35.230 0.05
Q75 +Temp 182.766 50.836 0.001 0.1 858.739 0.68

Golden redhorse Q75 411.969 42.525 0.884 100 1.000 0.48
Temp 737.415 46.601 0.116 13.0 7.673 0.08
Q75 +Temp 395.326 56.237 0.001 0.1 949.247 0.50

Shorthead redhorse Q75 503.963 43.936 0.884 100 1.000 0.44
Temp 904.692 48.032 0.114 12.9 7.751 <0.01
Q75 +Temp 480.595 57.604 0.001 0.1 928.741 0.47

Silver redhorse (a)
White sucker Q75 311.051 41.689 0.979 100 1.000 0.84

Temp 1125.533 49.406 0.021 2.1 47.378 0.41
Q75 +Temp 222.33297 69.674 <0.001 <0.1 >1000 0.88

North Raccoon River
Highfin carpsucker Q75 751.199 46.979 0.772 100 1.000 0.34

Temp 1127.775 49.417 0.228 29.6 3.384 <0.01
Q75 +Temp 679.8384 76.377 <0.001 <0.1 >1000 0.40

Quillback (a)
River carpsucker Q75 66.900 29.287 0.929 100 1.000 0.67

Q75 +Temp 66.889 34.523 0.068 7.3 13.709 0.67
Temp 192.423 40.908 0.003 0.3 333.864 0.06

Northern hogsucker (a)
Golden redhorse (a)
Shorthead redhorse Q75 347.027 42.346 0.961 100 1.000 0.71

Temp 1005.435 48.728 0.039 4.1 24.320 0.17
Q75 +Temp 346.714 72.340 <0.001 <0.1 >1000 0.71

Silver redhorse Q75 204.420 41.573 0.509 100 1.000 0.13
Temp 209.378 41.837 0.446 87.7 1.141 0.11
Q75 +Temp 197.177 46.415 0.045 8.9 11.253 0.16

White sucker A
Shell Rock River

Highfin carpsucker Q75 81.878 30.606 0.959 100 1.000 0.84
Q75 +Temp 64.226 37.997 0.024 2.5 40.261 0.88
Temp 224.085 38.661 0.017 1.8 56.103 0.58

Quillback Q75 230.350 41.370 0.904 100 1.000 0.73
Q75 +Temp 224.885 47.130 0.051 5.6 17.813 0.74
Temp 419.380 47.362 0.045 4.9 20.003 0.51

River carpsucker A
Northern hogsucker Q75 1582.099 54.297 0.816 100 1.000 0.36

Temp 2333.219 57.405 0.172 21.1 47.730 0.05
Q75 +Temp 1441.114 62.883 0.011 1.4 73.209 0.42

Golden redhorse Q75 1304.595 55.588 0.529 100 1.000 0.04
Temp 1351.080 55.903 0.453 85.5 1.171 <0.01
Q75 +Temp 1249.287 62.398 0.018 3.3 30.116 0.08

Shorthead redhorse Q75 823.403 49.072 0.857 100 1.000 0.48
Temp 1308.926 52.780 0.134 15.7 6.386 0.18
Q75 +Temp 815.634 58.329 0.008 0.9 102.386 0.49

(Continues)
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Table IV. (Continued)

Species Variable(s) RSS AICc wi %Max wi ER R2

Boone River
Silver redhorse Q75 152.311 37.233 0.610 100 1.000 0.20

Temp 169.670 38.313 0.336 58.3 1.715 0.11
Q75 + Temp 149.087 43.019 0.034 5.5 18.048 0.22

White sucker (a)
Wapsipinicon River

Highfin carpsucker Q75 434.609 43.696 0.987 100 1.000 0.77
Temp 1828.061 52.316 0.013 1.3 74.418 0.02
Q75 + Temp 367.607 72.692 <0.001 <0.1 >1000 0.80

Quillback Q75 260.958 39.879 0.986 100 1.000 0.77
Q75 + Temp 250.951 48.899 0.011 1.1 90.946 0.78
Temp 1116.942 51.511 0.003 0.3 335.614 <0.01

River carpsucker (a)
Northern hogsucker Q75 91.043 31.958 0.706 100 1.000 0.25

Temp 117.000 33.714 0.293 41.6 2.406 0.04
Q75 + Temp 82.766 45.290 0.001 0.1 785.562 0.32

Golden redhorse Q75 1404.425 56.251 0.764 100 1.000 0.25
Temp 1861.256 58.786 0.215 28.2 3.551 <0.01
Q75 +Temp 1403.338 63.444 0.021 2.7 36.471 0.25

Shorthead redhorse Q75 309.869 42.650 0.968 100 1.000 0.69
Q75 +Temp 308.370 49.807 0.027 2.8 65.808 0.69
Temp 1000.013 53.195 0.005 0.5 194.861 <0.01

Silver redhorse (a)
White sucker (a)

The lowercase letter “a” indicates that the values are not estimable.
Independent variables include the number of days where discharge exceeded the 75th percentile (percentile estimated using data from 1955 to 2009; Q75) and
mean temperature during the growing season (i.e., 1 April to 30 September). Akaike’s information criterion corrected for small sample size (AICc), Akaike
weight (wi), percent of the maximum wi, (%Max wi), and the evidence ratio (ER = max wi/wi) were used to evaluate candidate models. The AICc values were
calculated from the number of model parameters, sample size, and the residual sum or squares (RSS). Bold variables indicate that the direction of influence was
negative in the model. The coefficient of determination (R2) is provided as an indication of model fit.

CATOSTOMID POPULATION DYNAMICS IN IOWA RIVERS 1581
was to examine the influence of temperature and discharge
on recruitment dynamics and growth over long periods.
Temperature can directly influence the timing and duration
of spawning, hatch of eggs, and growth of larval fishes, or
through indirect mechanisms such as the production of prey
(e.g., Blaxter, 1991). Nonetheless, temperature was not
related to recruitment of catostomids in Iowa rivers. Similar
to recruitment, temperature did not appear to have a major
influence on growth. Although temperature undoubtedly
influences growth and year‐class strength of catostomids in
Iowa, it is probably that variability in air temperature was
not sufficient to noticeably influence growth or recruitment
over the temporal scale examined in this study. Also, air
temperature may have been a poor surrogate for water
temperature, particularly given the high variation in
temperature that is often observed in rivers (Allan, 1995).
The flow regime is generally considered to be the primary

driver of ecological process in lotic systems (Poff et al.,
1997; Jacobson and Galat, 2006; Poff and Zimmerman,
2010; Carlisle et al., in press). In large rivers, the interaction
of a river and its floodplain is particularly critical for
maintaining biodiversity and high levels of productivity
Published in 2011 by John Wiley & Sons, Ltd.
(Junk et al., 1989). For some species, the floodplain
provides spawning habitat and prey items suitable for larval
and juvenile fishes (e.g., Galat et al., 1998; Sparks et al.,
1998). Consequently, high flows are often related to en-
hanced recruitment (Welcomme, 1979; King et al., 2003).
Phelps et al. (2010) examined abundance of age‐0 sturgeon,
Scaphirhynchus spp., in the middle Mississippi River
and found that higher densities of sturgeon occurred in
years with long periods of high water. Coutant (2004)
suggested that recruitment of white sturgeon, Acipenser
transmontanus, was positively associated with flooding of
terrestrial habitats in rivers of the western North America.
Quist and Guy (1998) found that year‐class strength of
channel catfish, Ictalurus punctatus, was highest during flood
years in the Kansas River, Kansas, and Raibley et al. (1997)
showed that strong year classes of largemouth bass were
associated with flood years in the Illinois River. Although
discharge did not explain a high proportion of the variation in
year‐class strength, all relationships (expect for one) were
negative. Peterson and Jennings (2007) found that long
periods of high discharge were inversely related to year‐class
strength of Carpiodes spp. in the Oconee River, Georgia.
River Res. Applic. 28: 1567–1586 (2012)
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Freeman et al. (2001) reported that high densities of age‐0
catostomids in the Tallapoosa River, Alabama, were
positively associated with persistence of shallow‐water
habitat in summer. As such, Peterson and Jennings (2007)
argued that poor recruitment of age‐0 Carpiodes spp. was
due to reduced availability of shallow‐water habitats during
high flows. High flows may have other more direct effects
on recruitment. Weyers et al. (2003) found that newly
hatched robust redhorse and v‐lip redhorse, Moxostoma
pappillosum, had difficulty swimming to the surface to
inflate their swim bladders in high velocities. These same
fish experienced reduced growth during the larval phase
because of increased expenditure of energy required to
maintain position in the water column. Carpsuckers
typically spawn in shallow habitats with low current
velocities (e.g., Smith, 1977; Harlan et al., 1987; Jenkins
and Burkhead, 1994), and northern hogsucker and redhorse
spawn in riffles, runs, or the tail end of pools over rocky
substrate (Meyer, 1962; Curry and Spacie, 1984; Jenkins
and Burkhead, 1994; Grabowski et al., 2008). Thus, high
flows may have a negative influence on catostomids by
reducing or eliminating shallow‐water habitats or by
physically damaging eggs and larvae via movement of large
substrates (e.g., Zhao et al., 2009).
The most consistent pattern observed in this study was

the association between discharge (i.e., days exceeding the
75th percentile in discharge) and growth. One of the
primary concepts associated with floodplain rivers, and a
central tenet of the FPC is that high flows increase
production in river systems (e.g., Junk et al., 1989). Growth
of fishes is one expression of increased productivity.
Consequently, a variety of studies have been conducted to
evaluate the influence of flooding on growth of fishes,
particularly in tropical rivers. Welcomme (1979) examined
growth of two cichlid species in the Kaufe River, Zambia,
and found that age‐specific and sex‐specific growth were
positively related with a flood index and negatively related
to measures of river drawdown. Bayley (1988) studied
growth of 12 fish species and their response to flooding in
the central Amazon. Detritivores did not show a response to
flood, but growth of omnivorous species was approximately
60% faster during flood conditions. De Graaf (2003) found
that growth of banded gourami, Colisa fasciatus, and
snakehead, Channa punctata, in the River Brahmaputra,
Bangladesh, was significantly higher in years with flooding.
Similar results have been reported for myriad species across
a diversity of tropical river systems (e.g., Dudley, 1974;
Kapetsky, 1974; Smith, 1991; Perez and Fabre, 2009).
Compared with tropical systems, little research has been

conducted to evaluate the influence of high flows on growth
of fishes in large temperate rivers. Of the studies that have
been conducted, nearly all have shown patterns consistent
with those observed in tropical river systems. For example,
Published in 2011 by John Wiley & Sons, Ltd.
Quist and Guy (1998) found that growth of channel catfish
was positively related to flooding in the Kansas River,
Kansas. Sommer et al. (2001) showed that growth of
juvenile Chinook salmon, Oncorhynchus tshawytscha, was
significantly faster in floodplain habitats than in main
channel habitats in the Sacramento River basin, California.
Similar results were reported by Jeffres et al. (2008) for
Chinook salmon in the Cosumnes River, California. A
number of studies have evaluated the effects of high flows
on growth of fishes in the Mississippi River, particularly in
response to flooding that characterized the system in the
early and middle 1990s. Rutherford et al. (1995) found
that growth of blue catfish, Ictalurus furcatus, channel
catfish, freshwater drum, Aplodinotus grunniens, and
gizzard shad, Dorosoma cepedianum, in the lower
Mississippi River was not related to discharge. The
authors suggested that channelization and construction of
levees served to disconnect the river from its floodplain;
therefore, high flows did not benefit fishes as would be
expected from a functioning floodplain river system.
Schramm and Eggleton (2006) argued that Rutherford
et al. (1995) failed to consider the importance of temperature.
When temperature was integrated with measures of
floodplain inundation, Schramm and Eggleton (2006)
found strong positive relationships between flooding and
growth of blue catfish and flathead catfish, Pylodictis
olivaris, in the lower Mississippi River. In the middle
Mississippi River, Jones and Noltie (2007) concluded that
growth of flathead catfish was enhanced following flood
conditions. Gutreuter et al. (1999) found that growth of
largemouth bass and bluegill, Lepomis macrochirus,
species that typically exploit littoral habitats (i.e., similar
to floodplain habitats), increased during a year with a
warm‐season flood in the upper Mississippi River. Growth
of white bass, Morone chrysops, a pelagic species, did not
respond to flooding.
With few exceptions, growth of catostomids of all ages

was positively related to flooding across reaches in Iowa
rivers. Like previous studies examining the effects of high
discharge on growth, the specific mechanisms responsible
for the observed patterns are unknown. Several studies
suggest that catostomids directly access and use the
floodplain, presumably to feed. Sullivan and Watzin
(2009) sampled fish assemblages in main channel and in
connected‐floodplain habitats in Vermont streams and
found that white suckers occurred at 25% of the floodplain
sites. Grabowski and Isely (2006) used radio telemetry to
monitor movement of robust redhorse in the Savannah
River, South Carolina and Georgia. During high water
conditions, robust redhorse actively used the floodplain.
The authors commented that several individuals moved so
far onto the floodplain that they were barely detectable from
the main channel. In the Ocmulgee River, Georgia,
River Res. Applic. 28: 1567–1586 (2012)
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Grabowski and Jennings (2009) found similar results where
robust redhorse often used floodplain habitats during high
flows. In addition to providing access to high invertebrate
and algal production typical of floodplain habitats, receding
waters provide nutrients that enhance primary and second-
ary production in the main channel (e.g., Forsberg et al.,
1988; Gladden and Smock, 1990; Vegas‐Villarrubia and
Herrera, 1993; Bayley, 1995; Theiling and Tucker, 1999;
Tockner et al., 1999). Because catostomids diets are
dominated by algae and invertebrates, enhanced production
of these prey items in response to high flows may help
explain the observed patterns.
This research provides basic information on the popula-

tion demographics of catostomids. Such information is
important for developing a better understanding of catos-
tomid ecology and their role in aquatic systems. Basic
demographic information is becoming increasingly impor-
tant as the conservation status of species deteriorates and as
scientists attempt to model the effects of different
management activities on populations, assemblages, and
ecosystems (e.g., Christensen and Pauly, 1992). In addition
to providing information on the ecology of catostomids, this
research contributes to the growing literature focused on the
importance of floodplains to temperate river systems.
Previous research on the growth response of fishes to dis-
charge has focused almost exclusively on Great Rivers (e.g.,
Mississippi River) and (or) taxa that occupy high trophic
levels, typically sport fishes (e.g., flathead catfish, large-
mouth bass; Gutreuter et al., 1999; Schramm and Eggleton,
2006). Our findings fill an important gap in that the study
systems were much smaller than those previously examined,
and the focal taxa were nongame species that occupy low
trophic levels. Future research both on the population
demographics of catostomids and the interaction of fishes
with their floodplain in temperate rivers is greatly needed to
better understand the structure and function of river systems.
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