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Assessment of Smallmouth Bass Populations in Iowa Interior Rivers 

ANDREW C. JANSEN 1a, MICHAEL C. QUIST 1 and JEFF KOPASKA2 

I 
Department of Natural Resource Ecology and Management, Iowa State University, Ames, IA 50011 USA 

2Iowa Department of Natural Resources, 1436 255'h St., Boone, IA 50036 USA 

Smallmouth bass.Micropterus dolomieu are a popular sport fish throughout North America and occupy an important ecological role 
as top predators m .aquatic system.s. Despite the 1mp?rtance of smallmouth bass, knowledge of their population structure and 
dynamics m. Iowa mtenor nvers 1s limited. The objective of this study was to describe population dynamics (e.g., relative 
abundance, size and age structure, growth'. mortality) of. smallmouth bass in six Iowa rivers. Smallmouth bass were sampled from 
the Upper Iowa, Maquoketa, and Waps1pm1con nvers m northeast Iowa and the Des Moines, Iowa, and South Skunk rivers in 
central Iowa using electrofishing during the fall of 2005. Scales were removed for age and growth estimation. Dorsal spines were 
removed from fish greater than 350 mm for comparison with scales. Relative abundance, size structure, condition, age structure, 
growth, and mortality varied among populations. For instance, proportional size distribution varied from 26 to 73 relative 
weight .<Wr) varied from 83 w 102, and total annual mortality of age-2 and older fish varied from 23 to 62% among 
populauons. Smallmouth bass m the Maquoketa and South Skunk rivers generally had the fastest growth rates, while 
smallmouth bass in the Iowa and Wapsipinicon rivers exhibited the slowest growth. This study provides information that 
conmbutes to our knowledge of smallmouth bass ecology, and will be useful for guiding management decisions and making 
regional and national comparisons. 

INDEX DESCRIPTORS: smallmouth bass, population characteristics, Iowa rivers. 

Smallmouth bass Micropterus dolomieu are a popular sport fish in 
North America (Buynak and Mitchell 2002), particularly in 
Iowa. For instance, Paragamian (1984) found that smallmouth 
bass were abundant in all major streams in northeast Iowa and 
comprised 3-15% of the total angler catch in the 1970s and 
1980s. Smallmouth bass remain one of the most important sport 
fish in Iowa. Smallmouth bass generally inhabit areas of small 
rivers with swift flowing water and gravel substrates where they 
are important consumers of fishes, crustaceans, and aquatic 
invertebrates (IDNR 1987; Pflieger 1997). In Iowa rivers, 
smallmouth bass begin feeding on fishes at a length of about 
38 mm (1.5 inches) and are generally the most abundant 
piscivore in these systems (IDNR 1987; Paragamian l 980a, 
1980b). Consequently, smallmouth bass not only provide 
important recreational opportunities, but they are an important 
component in aquatic food webs due to their role as a top 
predator. 

Despite their recreational and ecological importance, informa
tion on smallmouth bass populations in Iowa is limited. 
Descriptive population parameters were investigated on small
mouth bass in Iowa waters in the late 1970s and early 1980s (e.g., 
Paragamian 1980a, 1980b). Additionally, a few studies have 
collected basic population parameters information when evalu
ating catch-and-release smallmouth bass regulations (IDNR 
1992, 1999, 2002), but a more recent description of smallmouth 
bass population parameters is needed for management. The 
objectives of this study were to provide a general description of 

a Present address: Andrew C. Jansen, Department of Wildlife and 
Fisheries Sciences, South Dakota State University, Brookings, SD 57007-
1696 USA (e-mail: Andrew.Jansen@sdstate.edu) 

the population characteristics (i.e., relative abundance, size 
structure, age structure, mortality) of smallmouth bass popula
tions and estimate growth of smallmouth bass in six interior river 
systems of Iowa. 

STUDY AREA 

Populations sampled as part of this study included those from 
the Des Moines, Iowa, Maquoketa, South Skunk, Upper Iowa, 
and Wapsipinicon rivers. The Des Moines, Iowa, and South 
Skunk rivers are located in central Iowa and the Maquoketa, 
Upper Iowa, and Wapsipinicon rivers are located in northeast 
Iowa. The Des Moines, Iowa, and South Skunk rivers are located 
within the Des Moines Lobe ecological region (Prior 1991). 
Stream networks within this landform are generally poorly
developed and widely-spaced, while major rivers often have deep, 
steep-sided valleys. The Maquoketa and Wapsipinicon rivers are 
within the Iowan Surface ecological region (Prior 1991). Some 
large rivers in this area have back-water ponds that contribute to 
a high diversity of aquatic habitat and a diverse fish assemblage. 
The Upper Iowa River lies within the Paleozoic Plateau 
ecological region of Iowa (Prior 1991). Rivers and streams in 
this ecological region are deeply embedded in valleys, and are 
dominated by cool-water fish assemblages. 

MATERIALS AND METHODS 

Smallmouth bass were sampled by Iowa Department of 
Natural Resources (IDNR) fisheries management biologists and 
Iowa State University (ISU) personnel during the fall of 2005. 
One location on each study river was sampled (Table 1). 
Sampling locations on the Upper Iowa and Maquoketa rivers 
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Table 1. Sampling information for selected Iowa rivers 
sampled for smallmouth bass during 2005. 

River 

Upper Iowa 
Maquoketa 
Wapsipinicon 
Iowa 
South Skunk 
Des Moines 

Sample dates 

August 15-19 
October 17-26 
September 3 
October 18 
October 6 
September 23 

Hours of electrofishing 

5.8 
11.8 

3.0 
2.1 
2.0 
1.1 

were within special angling regulation areas. All other locations 
sampled in the study rivers were not managed with special 
angling regulations, other than a statewide minimum length 
limit of 305 mm (12 inches). The Upper Iowa and Maquoketa 
rivers were also the only study rivers to be sampled on multiple 
dates (Table 1). All sampling was completed using boat
mounted, pulsed-DC electrofishing, except for the South Skunk 
River which was sampled using a tow-barge electrofishing unit 
due to water depth and access issues that prevented the use of a 
boat. Each sampling site was subdivided into 3-10 small, 
contiguous segments. Fish were sampled and processed separately 
for each segment. All smallmouth bass were measured to the 
nearest millimeter (total length) and weighed to the nearest 
gram. Scales were collected from each fish below the lateral line, 
beneath the tip of the pectoral fin when extended posterior along 
the fish's body (Austen and Orth 1988). Scale samples were 
transferred to coin envelopes and allowed to air dry. Five to ten 
scale samples per centimeter length group were collected. In 
addition, the second dorsal spine was collected from fish greater 
than 350 mm to corroborate scale ages. Spines were removed by 
cutting the spine at its junction with the body wall. All fish were 
returned to the river immediately after processing. 

Scales were pressed onto acetate slides using a roller-scale press 
and aged at 30 X magnification using a microfiche reader. Dorsal 
spines were mounted in epoxy and cross-sectioned using an 
Isomer low-speed saw (Buehler LTD., Lake Bluff, IL). Spines were 
aged using a stereoscope for comparison with scale ages. All 
growth measurements (e.g. location of focus, distance to each 
annulus, distance to scale edge) were digitized using the WinFin 
program (Nebraska Game and Parks Commission). 

Catch-per-unit-effort (CPUE) was estimated as the number of 
fish captured per hour of electrofishing for each segment within a 
site. Mean CPUE was estimated for each site by taking the 
average of all segments. Size structure was analyzed using length 
structure indices (Willis et al. 1993; Anderson and Neumann 
1996). Proportional size distribution (PSD) was estimated as the 
number of fish greater than or equal to quality length (280 mm) 
divided by the number of fish greater than or equal to stock 
length (180 mm), multiplied by 100 (Gabelhouse 1984; 
Anderson and Neumann 1996; Guy et al. 2007). We also 
calculated PSDs using the proportion of fish of a specified length 
group divided by the number of fish greater than or equal to 
stock length, multiplied by 100 (Anderson and Neumann 1996). 
We estimated PSDs for preferred- (PSD-P, preferred length = 
350 mm), memorable- (PSD-M; memorable length= 430 mm), 
and trophy-length smallmouth bass (PSD-T; trophy length = 
510 mm). Condition of smallmouth bass was evaluated using 
relative weight (Wr; Anderson and Neumann 1996; Blackwell et 
al. 2000; Kolander et al. 1993). 

An age-length key was used to evaluate age structure of each 
population (DeVries and Frie 1996). Age-structure data were 

then used to estimate total annual mortality using a catch curve 
(Ricker 1975). Total annual mortality was estimated for age-2 
and older smallmouth bass because age-1 fish were not fully 
recruited to the sampling gear. Back-calculated lengths at age 
were estimated using the Fraser-Lee method with a standard a
value of 35 millimeters (Carlander 1982; DeVries and Frie 
1996). 

Differences in mean CPUE and Wr among smallmouth bass 
populations were examined using analysis of variance (ANOV A; 
Hubert and Fabrizio 2007; Pope and Kruse 2007). When results 
of the ANOV A indicated differences among populations, least
square means were used to examine pairwise differences in catch 
rates and condition. Differences in size structure indices (i.e. PSD, 
PSD-P) were evaluated using a Chi-square analysis (Neumann 
and Allen 2007). 

RESULTS AND DISCUSSION 

Catch-per-unit-effort was highly variable among the study 
populations (Fig. 1). Catch rates of all smallmouth bass were 
highest in the Maquoketa and South Skunk rivers with mean 
CPUEs above 100 fish/hr. The lowest catch rates were observed in 
the Upper Iowa, Wapsipinicon, and Iowa rivers where CPUE 
generally averaged less than 50 fish/hr (Fig. 1). Similarly, CPUE 
of substock- and stock-length smallmouth bass were highest in 
the South Skunk, Maquoketa, and Des Moines rivers and lowest 
in the Upper Iowa, Wapsipinicon, and Iowa rivers (Fig. 1). Catch 
rates of quality- and preferred-length smallmouth bass were 
highest in the Des Moines, South Skunk, Maquoketa, and Iowa 
rivers. Previous studies on the Upper Iowa River found higher 
catch rates (i.e., 73 fish/hour in 1977; Paragamian 1980b) than 
those observed in our study. Conversely, mean CPUE of 
smallmouth bass in the Maquoketa River was much higher in 
our srudy than the previous estimate of 5 fish/hour in 1978 
(Paragamian 1989), and more recently 0-15 fish/hour in 2002 
(IDNR 2002). Smallmouth bass catch rate varied from 5-71 fish/ 
hour for the Red Cedar River in Wisconsin (Paragamian and 
Coble 1975), which is similar to catch rates observed in this 
study. Catch rates for the populations used in the current study 
were generally higher than those reported for smallmouth bass 
sampled from the Tennessee River in northern Alabama 
(Weathers and Bain 1992). 

Size structure also varied among populations, PSD varied from 
26 to 73 among populations (Fig. 2). The highest PSD values 
were generally observed for those populations located in central 
Iowa (i.e. Des Moines lobe), while the Maquoketa, Upper Iowa, 
and Wapsipinicon rivers (i.e., northeastern portion of Iowa, 
Iowan Surface and Paleozoic Plateau) had the lowest PSD values. 
The Des Moines and Iowa rivers had the highest PSD-P and PSD
M values and the Upper Iowa, Maquoketa, and Wapsipinicon 
rivers had the lowest values (Fig. 2). Although previous data are 
not available for all populations used in this study, size structure 
estimates from the Maquoketa River were much higher in our 
study than those reported from the same system during 1977-
1979 (Paragamian 1980a). Proportional size distribution values 
(i.e., PSD) for the Maquoketa River varied from 11-76 from 
1987 to 2002 (IDNR 2002). The Upper Iowa had a similar PSD 
value in 1977 (i.e., PSD = 19) as compared to our estimate for 
the same system (Paragamian 1980b). In general, PSD values 
were much lower for Iowa rivers used in this study compared to 
smallmouth bass sampled from the Tennessee River in Alabama 
(Weathers and Bain 1992). However, PSD for the Iowa rivers 
were much higher than smallmouth bass sampled from Glover 
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Fig. I. Catch-per-unit-effort (CPUE =number /hr) of smallmouth bass sampled from six Iowa rivers, 2005. Catch rates are provided for 
substock- (< 180 mm), stock- (~ 180 mm), quality- (~ 280 mm), preferred- (~ 350 mm), and memorable-length (~ 430 mm) 
smallmouth bass. Smallmouth bass populations include the Upper Iowa (UI), Maquoketa (MA), Wapsipinicon (WA), Iowa (IA), South 
Skunk (SS), and Des Moines (DM) rivers and are sequenced based on latitude (UI is furthest north and DM is the furthest south). Test 
statistics represent the results from an analysis of variance and populations with the same letter indicate that mean CPUE was not 
significantly different (i.e., P > 0.05) between populations. 
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Fig. 2. Proportional size distribution (PSD) values for smallmouth bass sampled from six Iowa rivers, 2005. Proportional size 
distributions are presented for preferred- (PSD-P, ~ 350 mm), memorable- (PSD-M, ~ 430 mm), and trophy-length (PSD-T, ~ 510 mm) 
smallmouth bass. Smallmouth bass populations include the Upper Iowa (UI), Maquoketa (MA), Wapsipinicon (WA), Iowa (IA), South 
Skunk (SS), and Des Moines (DM) rivers and are sequenced based on latitude (UI is furthest north and DM is the furthest south). Test 
statistics represent the results from a chi-square analysis and populations with the same letter indicate that size structure values were not 
significantly different (i.e., P > 0.05) between populations. No relationships between populations are presented for the PSD-T category 
because trophy-length (~ 510 mm) smallmouth bass were only captured from one population. 

Creek, Oklahoma (Orth et al. 1983), and the Laramie River, 
Wyoming (Patton and Hubert 1996). 

Mean Wr of smallmouth bass was less than 100 for all 
populations except the Upper Iowa River (Fig. 3). Smallmouth 
bass from the Maquoketa and Des Moines Rivers were 
generally in poor condition relative to the other populations. 
However, smallmouth bass mean Wr for the Maquoketa River 
was similar to mean Wr estimates from 1987-2001 (IDNR 
2002) Although mean Wr varied among populations for each 
length category, mean Wr generally decreased with increasing 
length. This observation differs from smallmouth bass 

collected from the Tennessee River in Alabama, where mean 
Wr averaged over 100 for smallmouth bass greater than 
300 mm (Weathers and Bain 1992). Additionally, consider
ably lower Wrs were found for smallmouth bass in the New 
River in Virginia where mean Wr varied from 73 to 83 in 1982 
(Austen and Orth 1988). The range of mean relative weight of 
these streams is comparable to an unexploited Missouri Ozark 
stream (Reed and Rabeni 1989). Water temperature has been 
shown to affect variability in relative weight and therefore may 
need to be considered in future investigations (McClendon and 
Rabeni 1987). 
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Fig. 3. Relative weight (Wr) values for smallmouth bass sampled from six Iowa rivers, 2005. Relative weight is presented by 
incremental size categories including substock- (< 180 mm), stock- to quality- (180-279 millimeters), quality- to preferred- (280-
349 mm), preferred- to memorable- (350-429 mm), and memorable- to trophy-length (430-509 mm) smallmouth bass. Smallmouth bass 
populations include the Upper Iowa (UI), Maquoketa (MA), Wapsipinicon (WA), Iowa (IA), South Skunk (SS), and Des Moines (DM) 
rivers and are sequenced based on latitude (UI is furthest north and DM is the furthest south). Test statistics represent the results from an 
analysis of variance and populations with the same letter indicate that relative weight values were not significantly different (i.e., P > 
0.05) between populations. 
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Table 2. Mean back-calculated lengths at age (mm) and total annual mortality estimates (A; %) of smallmouth bass 
sampled in selected Iowa rivers during 2005. Numbers in parentheses represent one standard error. 

Mean back-calculated length at age (mm) 

River N 1 2 3 

Upper Iowa 86 93 (3) 173 (4) 246 (4) 
Maquoketa 168 95 (3) 179 (9) 259 (8) 
Wapsipinicon 73 90 (5) 162 (7) 219 (9) 
Iowa 60 93 (4) 157 (6) 214 (11) 
South Skunk 174 86 (3) 157 (9) 241 (12) 
Des Moines 63 90 (3) 173 (8) 250 (7) 

The Iowa River had the lowest total annual mortality estimate 
(23%), while the Upper Iowa River (62%) had the highest 
mortality estimate (Table 2). The Des Moines and Iowa rivers 
had relatively low mortality estimates compared to the South 
Skunk River which had a relatively high mortality estimate. 
Previous research in Iowa found that total annual mortality was 
between 62 and 89% from 1977 to 1979 in the Maquoketa River 
(Paragamian 1980a). In 1977, total annual mortality for the 
Upper Iowa River was only 42% (Paragamian 1984). In 
Wisconsin, high estimates of total annual mortality between 
52-65% were found for the Galena River and are most 
comparable to estimates obtained for the Upper Iowa and South 
Skunk rivers (Forbes 1989). Similarly, total annual mortality 
estimates were also found to exceed 50% in the Red Cedar and 
Plover rivers of Wisconsin (Paragamian and Coble 1975). 

Age of smallmouth bass varied from age 0 to age 8 among 
populations in Iowa rivers (Table 2), but most fish were less than 
age 4. Smallmouth bass sampled from the Maquoketa and South 
Skunk rivers exhibited the fastest growth, while smallmouth bass 
from the Iowa and Wapsipinicon rivers had the slowest growth 
rates (Table 2). Growth of smallmouth bass in the Des Moines 
River was similar to that of smallmouth bass in the South Skunk 
River until age 4, but then decreased thereafrer. A similar pattern 
was observed for smallmouth bass in the Maquoketa and Upper 
Iowa rivers in northeastern Iowa. Growth of smallmouth bass in 
the Maquoketa River (i.e., current study) was similar to growth 
of smallmouth bass observed in 1977 (Paragamian 1984). In 
contrast, growth estimates for the Upper Iowa River were higher 
than those observed in 1977 (Paragamian 1984). Results from 
our study are comparable to those found for growth of 
smallmouth bass in Wisconsin (Paragamian and Coble 1975; 
Forbes 1989) and Missouri (Reed and Rabeni 1989). 

Numerous abiotic and biotic factors have been shown to 
influence growth of smallmouth bass. For instance, Putnam et al. 
(1995) found that the percent substrate as large cobble had a 
negative influence on growth of large smallmouth bass (i.e., 
greater than 200 mm). The authors speculated that the result was 
likely due to large smallmouth bass selecting large cobble 
substrate and the concentrations of large smallmouth bass 
influenced their growth rates through density-dependent inter
acations. Similarly, Paragamian (1991) found that population 
densities of smallmouth bass were low in Iowa stream reaches 
with silt-dominated substrates. Stream discharge can also affect 
smallmouth bass growth. Paragamian (1987) found that growth 
of age-1 smallmourh bass was highest in streams with stream 
discharge at 10 m 3/s. However, large (i.e. age 2-4) smallmouth 
bass were not affected by stream discharge to the same extent at 
age-1 fish (Paragamian 1987). Beamesderfer and North (1995) 

4 5 6 7 8 A 

322 (11) 379 (9) 415 (14) 449 (0) 61.9 
332 (7) 389 (5) 430 (6) 466 (12) 500 (0) 43.5 
279 (12) 323 (21) 415 (0) 43.4 
263 (14) 319 (13) 371 (12) 412 (3) 435 (0) 22.9 
323 (11) 387 (19) 461 (0) 59.2 
314 (5) 356 (0) 35.9 

showed that growth of smallmouth bass decreased as the number 
of days with temperatures greater than l0°C increased. Although 
the purpose of this study was not to determine specific factors 
associated with growth, these facrors (e.g., density-dependence, 
instream habitat) should be further evaluated ro better 
understand the influence of abiotic and biotic conditions on 
smallmouth bass growth rates. 

Population characteristics of smallmouth bass in Iowa rivers 
were highly variable and few consistent patterns were observed 
among populations. Habitat quality, environmental conditions, 
and management regulations likely influence smallmouth bass 
populations in Iowa (e.g., Paragamian 1991; Beamesderfer and 
North 1995; Orth and Newcomb 2002). For example, the 
Maquoketa and South Skunk rivers exhibited the fastest growth 
rates, despite differences in ecological regions, instream habitat, 
flow dynamics, and fish assemblage structure. As such, 
unmeasured abiotic and biotic factors are likely having a 
substantial influence on the population dynamics of smallmouth 
bass in Iowa rivers. Unquestionably, further research on small
mouth bass populations in Iowa rivers is needed to help elucidate 
factors influencing their population dynamics. However, this 
study provides a foundation for future research on these 
populations. Investigations on the influence of environmental 
variables and population modeling with regards to management 
regulations are avenues that should be explored. Although the 
results of this study are largely descriptive, these data contribute 
to our knowledge of smallmouth bass population dynamics in 
Midwestern river systems and provide information that can be 
used to make regional comparisons. 

ACKNOWLEDGMENTS 

We thank the numerous biologists and technicians for their 
assistance in collecting the data used in the study. We also thank 
Greg Gelwicks for providing helpful comments on a previous 
version of the manuscript. Funding was provided by Iowa State 
University-Department of Natural Resource Ecology and 
Management. 

LITERATURE CITED 

ANDERSON, R. 0. and R. M. NEUMANN. 1996. Length, weight, 
and associated structural indices. Pages 447-482. In: Fisheries 
techniques, 2°d edition. B. R. Murphy, and D. W. Willis (eds.). 
American Fisheries Society, Bethesda, Maryland. 

AUSTEN, D. ). and D. ). ORTH. 1988. Evaluation of a 305-mm 
minimum-length limit for smallmouth bass in the New River, 
Virginia and West Virginia. North American Journal of Fisheries 
Management 8:231-239. 



SMALLMOUTH BASS POPULATION DYNAMICS 23 

BEAMESDERFER, R. C. P. and J. A. NORTH. 1995. Growth, 
mortality, and predicted response to fishing for largemouth and 
smallmouth bass populations in North America. North American 
Journal of Fisheries Management 15:688-704. 

BLACKWELL, B. G., M. L. BROWN, and D. W. WILLIS. 2000. 
Relative weight (Wr) status and current use in fisheries assessment 
and management. Reviews in Fisheries Science 8:1-44. 

BUYNAK, G. L. and B. MITCHELL. 2002. Response of smallmouth 
bass to regulatory and environmental changes in Elkhorn Creek, 
Kentucky. North American Journal of Fisheries Management 
22:500-508. 

CARLANDER, K. D. 1982. Standard intercepts for calculating lengths 
from scale measurements for some centrarchid and percid fishes. 
Transactions of the American Fisheries Society 111 :332-336. 

DEVRIES, D. R. and R. V. FRIE. 1996. Determination of age and 
growth. Pages 483-512. In: Fisheries techniques, 2nd edition. B. R. 
Murphy, and D. W. Willis (eds.). American Fisheries Society, 
Bethesda, Maryland. 

FORBES, A. M. 1989. Population dynamics of smallmouth bass 
(Micropterus dolomieui) in the Galena (Fever) River and one of its 
tributaries. Wisconsin Department of Natural Resources, Technical 
Report #165, Madison, Wisconsin. 

GABELHOUSE, D. W. JR. 1984. A length-categorization system to 
assess fish stocks. North American Journal of Fisheries Management 
4:273-285. 

GUY, C. S., R. M. NEUMANN, D. W. WILLIS, and R. 0. ANDERSON. 
2007. Proportional size distribution: a further refinement of population 
size structure index terminology. Fisheries 32(7): 348. 

HUBERT, W. A. and M. C. FABRIZIO. 2007. Relative abundance and 
catch per unit effort. Pages 279-325. In: Analysis and interpretation 
of freshwater fisheries data. C. S. Guy, and M. L. Brown (eds.). 
American Fisheries Society, Bethesda, Maryland. 

IOWA DEPARTMENT OF NATURAL RESOURCES. 1987. Iowa fish 
and fishing. Iowa Department of Natural Resources, Des Moines, 
Iowa. 

IOWA DEPARTMENT OF NATURAL RESOURCES. 1992. Evalu
ation of a catch-and-release regulation for smallmouth bass on the 
Maquoketa River, Delaware county, Iowa. Fisheries Management 
Section Annual Report, Iowa Department of Natural Resources, Des 
Moines, Iowa. 

IOWA DEPARTMENT OF NATURAL RESOURCES. 1999. Evalu
ation of a catch-and-release regulation for smallmouth bass on the 
Middle Raccoon River, Guthrie county, Iowa. Fisheries Management 
Section Annual Report, Iowa Department of Natural Resources, Des 
Moines, Iowa. 

IOWA DEPARTMENT OF NATURAL RESOURCES. 2002. Evalu
ation of a catch-and-release regulation for smallmouth bass in the 
Maquoketa River. Fisheries Management Section Annual Report, 
Iowa Department of Natural Resources, Des Moines, Iowa. 

IOWA DEPARTMENT OF NATURAL RESOURCES/IOWA GEO
LOGICAL SURVEY. Iowa's ecological regions. Available: http:// 
wqm.igsb.uiowa.edu/WQA/ecoregions.html. (February 2008). 

KOLANDER, T. D., D. W. WILLIS, and B. R. MURPHY. 1993. 
Proposed revision of the standard weight (W,) equation for 
smallmouth bass. North American Journal of Fisheries Management 
13:398-400. 

MCCLENDON, D. D. and C. F. RABENI. 1987. Physical and 
biological variables useful for predicting population characteristics 
of smallmouth bass and rock bass in an Ozark stream. North 
American Journal of Fisheries Management 7:46-56. 

NEUMANN, R. M. and M. S. ALLEN. 2007. Size structure. Pages 
375-421. In: Analysis and interpretation of freshwater fisheries data. 
C. S. Guy, and M. L. Brown (eds.). American Fisheries Society, 
Bethesda, Maryland. 

ORTH, D. J. and T. J. NEWCOMB. 2002. Certainties and uncertainties 
in defining essential habitats for riverine smallmouth bass. Pages 
251-264. In: Black bass: ecology, conservation, and management. D. 
P. Philipp, and M. S. Ridgway (eds.). American Fisheries Society, 
Bethesda, Maryland. 

ORTH, D. J., D. D. OAKEY, and 0. E. MAUGHAN. 1983. 
Population characteristics of smallmouth bass in Glover creek, 
southeast Oklahoma. Proceedings of the Oklahoma Academy of 
Science 63:37-41. 

PARAGAMIAN, V .. L. 1980a. Population characteristics of smallmouth 
bass in the Maquoketa River. Iowa State Conservation Commission, 
Federal Aid in Sport Fish Restoration, Project F-89-R, Study 602, 
Job 1, Completion Report, Des Moines. 

PARAGAMIAN, V. L. 1980b. Population characteristics of smallmouth 
bass in other northeast Iowa streams. Iowa State Conservation 
Commission, Federal Aid in Sport Fish Restoration, Project F-89-R, 
Study 602, Job 4, Completion Report, Des Moines. 

PARAGAMIAN, V. L. 1984. Population characteristics of smallmouth 
bass in five Iowa streams and management recommendations. North 
American Journal of Fisheries Management 4:497-506. 

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

PARAGAMIAN, V. L. and M. J. WILEY. 1987. Effects of variable 
streamflows on growth of smallmouth bass in the Maquoketa River, 
Iowa. North American Journal of Fisheries Management 7:357-362. 

PARAGAMIAN, V. L. 1991. Stream sedimentation and abundance of 
smallmouth bass. Pages 55-60. In: Proceedings from the first 
international smallmouth bass symposium. D. C. Jackson (ed.). 
Mississippi Agricultural and Forestry Experiment Station, Missis
sippi State University. 

PARAGAMIAN, V. L. and D. W. COBLE. 1975. Vital statistics of 
smallmouth bass in two Wisconsin rivers, and other waters. Journal 
of Wildlife Management 39:201-210. 

PATTON, T. M. and W. A. HUBERT. 1996. Water temperature affects 
smallmouth bass and channel catfish in a tailwater stream on the 
Great Plains. North American Journal of Fisheries Management 
16:124-131. 

POPE, K. L. and C. G. KRUSE. 2007. Condition. Pages 423-471. In: 
Analysis and interpretation of freshwater fisheries data. C. S. Guy, and 
M. L. Brown (eds.). American Fisheries Society, Bethesda, Maryland. 

PUTNAM,]. H., C. L. PIERCE, and D. M. DAY. 1995. Relationships 
between environmental variables and size-specific growth rates of 
Illinois stream fishes. Transactions of the American Fisheries Society 
124:252-261. 

PFLIEGER, W. L. 1997. The fishes of Missouri. Missouri Department of 
Conservation, Jefferson City, Missouri. 

PRIOR, J. 1991. Landforms of Iowa. University of Iowa Press, Iowa 
City, Iowa. 

REED, M. S. and C. F. RABENI. 1989. Characteristics of an unexploited 
smallmouth bass population in a Missouri Ozark stream. North 
American Journal of Fisheries Management 9:420-426. 

RICKER, W. E. 1975. Computation and interpretation of biological 
statistics of fish populations. Bulletin of the Fisheries Research Board 
of Canada, Bulletin 191. 

WEATHERS, K. C. and M. B. BAIN. 1992. Smallmouth bass in the 
shoals reach of the Tennessee River: population characteristics and 
sport fishery. North American Journal of Fisheries Management 
12:528-537. 

WILLIS, D. W., B. R. MURPHY, and C. S. GUY. 1993. Stock density 
indices: development, use, and limitations. Reviews in Fisheries 
Science 1:203-222. 


	Assessment of Smallmouth Bass Populations in Iowa Interior Rivers
	Recommended Citation

	Assessment of Smallmouth Bass Populations in Iowa Interior Rivers

