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Fig. 2.
Iowa during the fall of 2000 and spring of 2001. Substrates are

Distribution of substrates sampled by site on Bear Creek,
reported as a percentage of the total in each site.

Fish Sampling

Fish were collected in each site within the area delineated by
our 20 habitat transects. Fish collection was completed with
a single upstream pass in a zigzag motion using a DC backpack
electrofishing unit (Smith-Root Inc. Model 15-C, POW Electro-
fisher, 300 volts, 40 Hz, 6 amps) with two dip netters. Fish were
enumerated and identified to species before being released.
Species richness was reported as the total number of species
present whereas species relative abundance was reported as
percent of individual fish species in the total catch for each site.
Fish species diversity (Shannon-Weiner) was calculated for fish
communities at each site (Shannon and Weaver 1949).
Additionally, an Index of Biotic Integrity (IBI) was calculated
for the fish assemblage at each site as a measure of stream
biological health (Wilton 2004).

RESULTS

Habitat

Substrate composition varied among sites; however, all sites
were dominated by sand (Fig. 2) with mud/silt the second most

Fig. 3.
sampled on Bear Creek, Iowa during 2000 and 2001. Coefficient of

Coefficient of variation of depth and velocity by site

variation was calculated using means from each of 20 transects
spaced two mean stream widths.

common substrate in three of the four sites. Coarse particulate
organic matter (CPOM) was found in greater percentages in the
3-yr (14.5%) and 11-yr (10.1%) buffered sites than in either the
upstream (7.5%) or downstream (1%) unbuffered sites. Buffered
sites also had greater percentages of gravel, cobble, and riprap
substrates (Fig. 2). The riprap was not implemented as part of
RIMS but rather a preexisting condition found on one bank at the
downstream end of the 11-yr buffered site. It is not likely that
riprap had a marked effect on current velocity and stream
structure due to its location. In addition, it is not likely that the
percent of riprap, an artificial substrate, varied among sites
because of the presence or absence of RIMS; therefore, riprap was
excluded from further analysis.

The 11-yr buffered site had the highest mean depth (0.14 =
0.11 m) of all sites sampled in 2000. The average depth of the
downstream unbuffered site, sampled in the spring of 2001, was
greater than all others at 0.34 = 0.09 m. Depth CV for buffered
sites showed a higher degree of variability than unbuffered sites
(Fig. 3).

Mean current velocity was also very similar for sites sampled in
the fall (0.02 = 0.03 m/sec) while much higher for the
downstream unbuffered site sampled in the spring (0.28 =
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Table 1. Family names, feeding guilds, and tolerances levels of macroinvertebrates collected in Bear Creek, Iowa,
spring 2001.
Site
Upstream Downstream 3-yr 11-yr
Families Functional Group  Tolerance Unbuffered Unbuffered Buffered Buffered
Aeshnidae predators 3 - - X -
Caenidae collectors 7 X X - -
Calopterygidae predators 6 - X - X
Carabidae predators 4 - - - X
Ceratopogonidae predators 6 X - - -
Chironomidae collectors 6 X X X
Coenagrionidae predators 8 X - X -
Corixidae predators 10 - - - X
Culicidae collectors 8 - X - -
Dixidae collectors 8 - X -
Elmidae collectors 5 X X X -
Ephemeridae collectors 6 X - X -
Halipidae shredders 5 - X - X
Hyalellidae collectors 6 X - X X
Hydropsychidae collectors 5 X - - X
Leptophelbiidae collectors 4 - - X X
Libellulidae predators 9 - - - X
Mermithidae parasites 5 X - X
Simuliidae collectors 6 - - X -
Tipulidae shredders 4 - X X

0.13 m/sec). The highest velocity CV was observed in the 11-yr
buffered site, suggesting a greater variation in current velocity
within this site (Fig. 3).

Macroinvertebrates

The 11-yr buffered site contained the greatest macroinverte-
brate family richness (11) (Table 1). The upstream unbuffered
site, 3-yr buffered site and the downstream unbuffered site
contained ten, nine, and eight families, respectively. The lowest
tolerance value was found in the 3-yr buffered site with
Aeshnidae having a tolerance of 3. All sites except the
downstream unbuffered site exhibited families with tolerances
of 4, with the primary family in this range being Tipulidae. The
11-yr buffer site expressed the highest tolerances in the study
producing Libellulidae and Corixidae with tolerances of 9 and 10,
respectively. Collector families were the most common group in
both unbuffered sites and in the 3-yr buffer site (Fig. 4). Families
of shredders and collectors were equally prominent within the
11-yr buffered site.

Fish

A total of fourteen fish species from five families were collected
among the four sites. All fourteen species sampled were found in
the 11-yr buffered site (Table 2), which also had the highest
diversity (1.99) and IBI score (37). Species included seven
Cyprinids, three Ictalurids, two Centrarchids, one Catostomid
and one Percid (Table 2). Bluntnose Minnow Pimephales notatus,
creek chub Semotilus atromaculatus, and common shiner Luxilus
cornutus, were the most abundant species at this site representing
40%, 12%, and 10% of the catch, respectively. The downstream
unbuffered site had the next highest species richness (8) and
diversity (1.62), yet scored third highest on IBI (20). Again, the

bluntnose minnow was the most dominant (34%) followed by
bigmouth shiner Notropis dorsalis (28%) and creek chub (15%)
(Table 2). Seven species were collected at the 3-yr buffered site,
while five species were collected at the upstream unbuffered site
(Table 2). Bigmouth shiner, bluntnose minnow, and creek chub
dominated the catch in both the 3-yr buffered and unbuffered
upstream sites resulting in diversities of 1.38 and 1.15
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Fig. 4. Number of macroinvertebrate families captured within

each site on Bear Creek, Iowa during the fall of 2000 and spring of
2001. Each family is grouped into one of four trophic feeding
guilds.
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Table 2.  Families, names, and number of fish species captured by site in Bear Creek, Iowa, fall 2000 and spring 2001.

Family and Species Site
Upstream Downstream 3-yr I1-yr
Common Name Scientific Name Unbuffered Unbuffered Buffered Buffered
Cyprinidae
Central stoneroller Campostoma anomalum 3 18 16 50
Common shiner Luxilus cornutus 4 30 11 59
Bigmouth shiner Notropis dorsalis 87 76 158 36
Sand shiner Notropis stramineus - - - 9
Bluntnose minnow Pimephales notatus 85 95 77 249
Fathead minnow Pimephales promelas - - - 8
Creek chub Semotilus atromaculatus 30 42 35 74
Catostomidae
White sucker Catostomus commersoni - 2 1 37
Ictaluridae
Black bullhead Ameiurus melas - - - 4
Yellow bullhead Ameinrus natalis - - - 5
Stonecat Noturus flavus - - - 4
Centrarchidae
Bluegill Lepomis macrochirus - - - 9
Green sunfish Lepomis cyanellus - 1 - 20
Percidae
Johnny darter Etheostoma nigrum - 12 17 58

respectively. The 3-yr buffered site scored second highest on IBI
(24) and the unbuffered upstream site scored lowest (10).

DISCUSSION

Although fine sediments dominated all sites, our results
suggest greater substrate heterogeneity (more coarse substrates)
in buffered sites compared to unbuffered sites. In addition,
greater depth and velocity CV’s were noted in buffered sites than
unbuffered sites, which suggests greater geomorphic diversity in
buffered sites (Schlosser and Karr 1981, Talmage et al. 2002). In
headwater streams of this region, a greater variation of depth
likely indicates the availability of deepwater habitats, which may
be important refugia during periods of stream intermittency.

Fish diversity is often positively associated with habitat
complexity (Gorman and Karr 1978, Schlosser 1982, Sedell et
al. 1990). In our study, fish communities were the most diverse
in the 11l-yr buffered site, where substrates were the most
diverse and depth and velocity CV were the greatest. However,
the downstream unbuffered site (the most downstream site) had
higher fish diversity than the 3-yr buffered site; interestingly,
IBI score was greater in the 3-yr buffered site than the
downstream unbuffered site. One explanation may be that
landscape position and greater catchment areas have also been
shown to result in higher fish diversity in downstream sites
(Stehr and Branson 1938, Fausch et al. 1984, Snodgrass and
Meffe 1998); however, the substrate and depth diversity in the
3-yr buffered site may provide greater potential for a healthy
fish community than the more homogenous habitats of the
downstream unbuffered site.

The overall fish community was dominated by tolerant species
(i.e., bluntnose minnow, creek chub, and bigmouth shiner),
widespread in earlier collections of Bear Creek and other small
central Iowa streams (Starrett 1950, Liang 1995). Only one
species (stonecat Noturus flavus) is considered intolerant (Barbour
et al. 1999) and it was found in the 11-yr buffer site. Though our

sites were adequately spaced, streams act as conduits for non-
point source pollutants, thereby affecting the water quality of the
entire system. Tolerance ratings of some intolerant species can be
based on a combination of water and habitat quality. Localized
improvements in habitat quality, without similar improvements
in water quality, may not increase the numbers of intolerant
species. Large-scale and long-term agricultural disturbances in
a watershed can limit the recovery of stream diversity for many
decades (Harding et al. 1998). However, the expansion of buffer
strips along the corridor of Bear Creek may increase water and
habitat quality, and the movement and survival of intolerant
species, while concurrently promoting establishment of macro-
invertebrate communities.

Macroinvertebrate community richness did not vary by more
than three families among sites; however, this is common in
streams affected by intensive agriculture (Delong and Brusven
1998). All macroinvertebrate families collected in this study were
primarily tolerant of non-point source pollution and sedimenta-
tion. Future monitoring of macroinvertebrates as the restoration
of riparian areas continues may reveal colonization of more
intolerant species.

Although this study lacks pre-restoration sampling of buffered
sites and was limited to one stream with two sites per treatment,
our results suggest enhancement of instream habitat and fish
communities in the presence of buffer strips. The number of
macroinvertebrate families found at a stream site, in the spring of
the year, may not be a good indicator of stream recovery due to
a potential lack of adults vulnerable to sampling. Indeed, bottom
substrate and fish communities did show differences among sites,
suggesting that the riparian buffer strips may positively influence
stream morphology, substrate, and fish communities. We suggest
future studies to investigate the effectiveness of buffer strips by
expanding sampling to include pre-restoration information,
water quality sampling, and more sites on additional streams
maintained over longer time periods, thereby providing sufficient
data for more rigorous analysis.


Clay Pierce
Rectangle

Clay Pierce
Stamp


54 JOUR. IOWA ACAD. SCI. 113(2006)

ACKNOWLEDGEMENTS

The authors would like to thank Iowa State University and the
Towa State University Department of Forestry for providing an
undergraduate research assistantship for M. Siepker throughout the
study. The Iowa Cooperative Fish and Wildlife Research Unit
provided equipment for fish collection while the macroinvertebrate
collecting material was obtained from Jeffrey Kopaska (ISU
Department of Animal Ecology). Gregory Gelwicks and an
anonymous reviewer provided comments, which greatly enhanced
this manuscript. Travis Paul, Kirk Hansen, Andy Fowler, Brandon
Harland, and Paul Port assisted with field collection and sample
identification. Joe Herring provided the study area map.

LITERATURE CITED

ANDERSON, K. L. and T. R. BISHOP. 1996. Historical analysis of fifty
years of agricultural land use in the Storm Lake and Bear Creek
watersheds. Progress Report and Renewal Request prepared for the
Leopold Center for Sustainable Agriculture Advisory Board of Directors.

BARBOUR, M. T., J. GERRITSEN, B. D. SNYDER, and J. B.
STRIBLING. 1999. Rapid bioassessment protocols for use in streams
and wadeable rivers: periphyton, benthic macroinvertebrates, and
fish, second edition. EPA 841-B-99-002. U. S. Environmental
Protection Agency, Office of Water, Washington, D. C.

BASNYAT, P., L. TEETER, B. G. LOCKABY, and K. M. FLYNN.
2000. Land use characteristics and water quality: A methodology for
valuing of forested buffers. Environmental Management 26:153-161.

BURKHART, M. R., S. L. OBERLE, M. J. HEWITT, and J. PICKUS.
1994. A framework for regional agroecosystems characterization
using the Natural Resources Inventory. Journal of Environmental
Quality 23:866-874.

CASTELLE, A. J., A. W. JOHNSON, and C. CONOLLY. 1994.
Wetland and stream buffer size requirements-a review. Journal of
Environmental Quality 23:878-882.

DELONG, M. D. and M. A. BRUSVEN. 1998. Macroinvertebrate
community structure along the longitudinal gradient of an agricul-
turally impacted stream. Environmental Management 22(3):445-457.

FAUSCH, K. D., KARR, J. R, and P. R. YANT. 1984. Regional
application of an index of biotic integrity on stream fish
communities. Transactions of the American Fisheries Society
113:39-55.

GORMAN, O. T. and J. R. KARR. 1978. Habitat structure and stream
fish communities. Ecology 59:507-515.

GRIFFITH, G. E., J. M. OMERNIK, T. F. WILTON, and S. M.
PIERSON. 1994. Ecoregions and subregions of Iowa — a framework
for water quality assessment and management. Journal of the Iowa
Academy of Science 101(1):5-13.

HARDING, J. S., E. F. BENFIELD, P. V. BOLSTAD, G. S.
HELFMAN, and E. B. D. JONES, III. 1998. Stream biodiversity:
The ghost of land use past. Proceedings of the National Academy of
Sciences 95:14843-14847.

HAUER, F. R. and V. H. RESH. 1996. Benthic macroinvertebrates.
Pages 339-369. In: Methods in Stream Ecology. F. R. Hauer, and G.
A. Lamberti (eds.). Academic Press, San Diego, California.

ISENHART, T. M., R. C. SCHULTZ, and J. P. COLLETTI. 1997.
‘Watershed restoration and agricultural practices in the Midwest: Bear
Creek of Towa. Pages 318-334. In: Watershed Restoration: Principles
and Practices. J. E. Williams, C. A. Wood, and M. P. Dombeck
(eds.). American Fisheries Society, Bethesda, Maryland.

KARR, J. R. 1991. Biological integrity: a long neglected aspect of water
resource management. Ecological Applications 1:66-84.

KARR, J. R. and B. L. KERANS. 1992. Components of biological
integrity: their definition and use in development of an invertebrate
IBI. Pages 1-16. In T. P. Simon, and W. S. Davis (eds.). Proceedings
of the 1991 Midwest Pollution Control Biologists Meeting. U. S.
Environmental Protection Agency Report 905/r-92/003. U. S.
Environmental Protection Agency Region V, Environmental Sciences
Division, Chicago.

KARR, J. R. and I. J. SCHLOSSER. 1978. Water resources and the
land-water interface. Science 201:229-234.

KARR, J. R, L. A. TOTH, and D. R. DUDLEY. 1985. Fish
communities of midwestern rivers: a history of degradation.
BioScience 35:90-95.

LARIMORE, R. W. and P. B. BAYLEY. 1996. The fishes of Champaign
county, Illinois, during a century of alterations of a prairie ecosystem.
Illinois Natural History Survey Bulletin 35:53-183.

LIANG, S. 1995. Fish communities in small agricultural streams of
Towa: Relationships with environmental factors. Ph.D. Dissertation.
Iowa State University.

MENZEL, B. W. 1981. Iowa’s waters and fishes: a century and a half of
change. Proceedings of the Iowa Academy of Science 88(1):17-23.

MENZEL, B. W., J. B. BARNUM, and L. M. ANTOSCH. 1984.
Ecological alterations of Iowa prairie-agricultural streams. Iowa State
Journal of Research 59(1):5-30.

MERRITT, R. W. and K. W. CUMMINS. 1995. An introduction to the
aquatic insects of North America. Third Edition. Kendall/Hunt
Publishing Company, Dubuque, Iowa.

OMERNIK, J. M. 1987. Ecoregions of the conterminous United States
(map supplement): Annals of the Association of American Geogra-
phers 77(1):118-125.

OTT, R. L. and M. LONGNECKER. 2001. An introduction to
statistical methods and data analysis. Fifth Edition. Duxbury, Pacific
Grove, California.

PAJAK, P., R. E. WEHNES, L. GATES, G. SIEGWORTH, J. LYONS,
J. M. PITLO, R. S. HOLLAND, D. P. ROSEBOOM, L. ZUCKER-
MAN, and THE STREAMS TECHNICAL COMMITTEE OF THE
NORTH CENTRAL DIVISION OF THE AMERICAN FISHERIES
SOCIETY. 1995. Agricultural land use and reauthorization of the
1990 farm bill. Fisheries 19(12):22-27.

PARAGAMIAN, V. L. 1990. Characteristics of channel catfish
populations in streams and rivers of Iowa with varying habitats.
Journal of the Towa Academy of Science 97:37-45.

RICHARDS, C., G. E. HOST, and J. W. ARTHUR. 1993.
Identification of predominant environmental factors structuring
stream macroinvertebrate communities within a large agricultural
catchment. Freshwater Biology 29:285-294.

RICHARDS, C. and G. W. MINSHALL. 1992. Spatial and temporal
trends in stream macroinvertebrate communities: the influence of
catchment disturbance. Hydrobiologia 241:173-184.

SCHLOSSER, I. J. 1982. Fish community structure and function along
two habitat gradients in a headwater stream. Ecological Monographs
52:395-414.

SCHLOSSER, I. J. and J. R. KARR. 1981. Water quality in agricultural
watersheds: impact of riparian vegetation during base flow. Water
Resources Bulletin 17(2):233—240.

SCHULTZ, R. C., T. M. ISENHART, C. A. RODRIGUES, ]J. P.
COLETTI, W. W. SIMPKINS, and J. RAICH. 1995. Multi-species
riparian buffer strips as a component of the Riparian Management
System model of agricultural landscapes. Pages 84—105. In: Progress
Report and Renewal Request Prepared for the Leopold Center for
Sustainable Agriculture Advisory Board of Directors. R. C. Schultz,
and T. M. Isenhart (eds.).

SCOTT, J. B., C. R. STEWARD, and Q. J. STOBER. 1986. Effects of
urban development on fish population dynamics in Kelsey Creek,
Washington. Transactions of the American Fisheries Society
115:555-567.

SEDELL, J. R., REEVES, G. H., HAUER, F. R., STANFORD, J. A.
and HAWKINS, C. P. 1990. Role of refugia in recovery from
disturbances: modern fragmented and disconnected river systems.
Environmental Management 14:711-724.

SHANNON, C. E. and W. WEAVER. 1949. The mathematical theory
of communication, ed. University of Illinois Press, Chicago.

SIMONSON, T. D., J. LYONS, and P. D. KANEHL. 1994.
Quantifying fish habitat in streams: transect spacing, sample size,
and a proposed framework. North American Journal of Fisheries
Management 14:607-615.

SNODGRASS, J. W. and G. K. MEFFE. 1998. Influence of beavers on
stream fish assemblages: effects of pond age and watershed position.
Ecology 79:928-942.



RIPARIAN BUFFER STRIPS IOWA STREAM 55

STARRETT, W. C. 1950. Distribution of the fishes of Boone County,
Towa, with special reference to the minnows and darters. American
Midland Naturalist 43(1):112-127.

STEHR, W. C. and BRANSON, J. W. 1938. An ecological study of an
intermittent stream. Ecology 19:294-310.

TALMAGE, P. J., J. A. PERRY, and R. M. GOLDSTEIN. 2002.
Relation of instream habitat and physical conditions to fish
communities of agricultural streams in the northern Midwest. North
American Journal of Fisheries Management 22:825-833.

WALLACE, J. B. 1990. Recovery of lotic macroinvertebrate commu-
nities from disturbance. Environmental Management 14:605-620.

WANG, L., J. LYONS, P. KANEHL, and R. GATTI. 1997. Influences
of watershed land use on habitat quality and biotic integrity in
Wisconsin streams. Fisheries 22(6):6—12.

WATERS, T. F. 1995. Sediment in streams: sources, biological effects, and
control. American Fisheries Society, Monograph 7, Bethesda, Maryland.

WEAVER, L. A. and G. C. GARMAN. 1994. Urbanization and
historical changes in a stream fish assemblage. Transactions of the
American Fisheries Society 123:162-172.

WILTON, T. F. 2004. Biological assessment of Iowa’s wadeable streams.
Towa Department of Natural Resources, Environmental Services Division,
TMDL and Water Quality Assessment Section, Des Moines.





