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Abstract. To predict how species establish and disperse within novel communities, the
spatial scale at which competition, predation, and habitat interact must be understood. We
explored how these factors affect the distribution and abundance of the exotic crayfishes
Orconectes rusticus and O. propinquus and the native O. virilis at both the site-specific
and whole-lake scales in northern Wisconsin lakes. During summer 1990, we quantified
crayfish, fish predators, and fish diets in cobble and macrophyte sites in Trout Lake, com-
paring resulting patterns to those in 21 lakes surveyed during summer 1987. Within and
across lakes, fish abundance was unrelated to habitat. Within Trout Lake, O. rusticus and
O. propinquus were common in both cobble and macrophyte. Orconectes virilis was re-
stricted to macrophyte, probably due to strong displacement by the invaders in cobble.
Across lakes, O. rusticus increased where habitat was more than 16.7% cobble, O. pro-
pinquus was generally rare, and O. virilis abundance was unrelated to cobble. Crayfish were
generally small in cobble and large in macrophyte, perhaps because of habitat-specific,
size-selective fish predation or because large crayfish leave cobble when it no longer pro-
vides refuge. Orconectes virilis, the largest of three congeners, may have a size refuge in
macrophyte but not in cobble. Across lakes, O. rusticus was only abundant when fish
biomass was low; O. virilis abundance varied positively with fish.

Effects of fish predation and habitat on the ability of invaders Orconectes rusticus and
O. propinquus to establish and replace O. virilis appear to be scale dependent. At local
(site-specific) scales, cobble likely interacts with selective predation for O. virilis to allow
the invaders to establish and replace the native. At the lake-wide scale, high cobble facilitates
invaders but predation may curb their successful dispersal and establishment at new sites.
Models of community assembly and invasions need to incorporate scale dependencies in
habitat availability and biotic interactions to effectively assess the invasion potential of
novel species.

Key words: community; competition; crayfish; exotic species; fish predation; habitat; littoral
zone; northern Wisconsin lakes; Orconectes; scale; species invasion.

INTRODUCTION

Community ecologists seek to understand mecha-
nisms underlying the persistence and establishment of
species (Elton 1958, Wellborn et al. 1996). Given that
introductions of exotic species are increasing at an un-
precedented rate (Kolar and Lodge 2001), understand-
ing how invaders successfully establish, disperse, and
modify the abundance and distribution of native species
also has become important within the disciplines of
conservation and resource management (Lodge et al.
2000).
Both competition and predation structure commu-

nities (Sih et al. 1985, Northcote 1988, Stein et al.
1995) and thus affect invasions (Abrams 1996, Hill and
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Lodge 1999, Miller et al. 2002). The relative sizes and
behaviors of species influence invasions by altering
interactions (Kiesecker and Blaustein 1998, Holway
and Suarez 1999). If predators reduce the density or
dispersive ability of invaders, then establishment of
these species will be suppressed (Lodge 1993). Still,
characteristics such as high aggression or unique mor-
phology (e.g., large size, claws, or body armor) may
render invaders successful by reducing predatory sus-
ceptibility and eliminating competitors (Garvey et al.
1994, Holway and Suarez 1999). Although interactions
often occur initially at relatively small, local scales,
established invaders may disperse from these localities
and dramatically alter ecosystems (Vitousek 1990,
Lodge and Hill 1994, VanderZanden et al. 1999).
In northern Wisconsin (USA) lakes, the invading

crayfish Orconectes rusticus has been replacing the na-
tive O. virilis and a previous invader O. propinquus


