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Freshwater mussel abundance and species
richness: GIS relationships with watershed land
use and geology

Kelly E. Arbuckle' and John A. Downing

Abstract: We tested the hypotheses that mussel species richness and density are related to landscape features of
watersheds. Measures of species richness and mussel density were estimated at 118 sites in 36 watersheds in the state
of Towa, U.S.A., a landscape characterized by >90% agricultural development. Geographical Information Systems (GIS)
and regression analyses examined seven land use categories and nine geological descriptors, determining that both
mean density and species richness were best correlated with mean watershed slope and the prevalence of alluvial
deposits. Our analyses imply that agricultural watersheds with high slopes impact mussel abundance and richness
through siltation and destabilization of stream substrate. Because alluvial deposits improve groundwater flux to streams,
results suggest that relatively stable stream flows in alluvial watersheds improve mussel persistence. A second set of 82
observations on 38 independent watersheds corroborates the analyses, although historical and local impacts cause
correlations between new observations and predictions to be weak.

Résumé : Pour éprouver 1’hypothése selon laquelle la richesse en espéces et la densité des moules sont reliées aux
caractéristiques du paysage du bassin versant, nous avons estimé la richesse en espéces et la densité des moules de

118 sites appartenant & 36 bassins versants en Iowa, un paysage utilisé a plus de 90 % pour I’agriculture. A I'aide de
systémes d’information géographique et d’analyses de régression, nous avons étudié sept catégories d’utilisation du
territoire et neuf descripteurs géologiques et trouvé que la densité moyenne et la richesse en espéces sont en
corrélation principalement avec la pente moyenne du bassin versant et I'importance des dépdts alluviaux. Nos analyses
permettent de croire que les bassins versants agricoles a forte pente ont d’importantes répercussions sur 1’abondance et
la richesse des moules & cause de I’envasement et de la déstabilisation des cours d’eau. Parce que les dépdts alluviaux
améliorent le flux des eaux souterraines vers les cours d’eau, nos résultats suggérent que les débits relativement stables

dans les bassins versants alluviaux favorisent la persistance des moules. Une seconde série de 82 observations prove-
nant de 38 autres bassins versants corroborent les résultats des analyses, mais a cause de facteurs historiques et des
conditions locales, les corrélations entre ces nouvelles observations et nos prédictions sont faibles.

[Traduit par la Rédaction]

Introduction

Freshwater mussels are among the most imperiled animals
worldwide (Master 1990). A variety of anthropogenic stress-
ors, including habitat destruction and degradation, commer-
cial exploitation, and water pollution, have been implicated
in the disappearance of these animals (Pennak 1989; Bogan
1993; Williams and Neves 1995). Effective conservation and

“restoration of mussel populations depends upon an under-
standing of how they are impacted by landscape-driven alter-
ations in water quality.
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The land-water interface can have important effects on
the persistence of aquatic organisms (Karr and Schlosser
1978; Richards and Host 1994; Roth et al. 1996). Watershed
characteristics are often closely related to biotic and abiotic
characteristics of streams (Schlosser 1991; Rabeni and Ja-
cobson 1993; Wang et al. 1997). For example, surficial geo-
logical features determine hydrologic patterns and channel
morphology at the watershed scale and influence macro-
invertebrate assemblages (Richards et al. 1996). In addition,
landscape changes such as urbanization, logging, and the
conversion of native land cover to agricultural crop produc-
tion often lead to degraded habitat conditions.

Land use, topographic relief, and geologic history influ-
ence stream water quality. Land use activities that remove
vegetative cover decrease infiltration rates and the moisture-
holding capacity of soils (Brooks et al. 1997). Topographic
relief of the landscape surrounding streams also influences
water quality (Elliot and Ward 1995). For example, disturbed,
high-relief watersheds have greatest overland flow, produce
relatively large amounts of sediment in runoff water, and
have high-gradient streams, all of which can destabilize sub-
strates, rendering stream conditions unsuitable for freshwater
mussels. Although low-relief watersheds have less runoff

© 2002 NRC Canada






