
[Spartina alterniflora], mud shrimp [Upogebia pugettensis],
and ghost shrimp [Neotrypaea californiensis]; hereafter re-
ferred to using the genus name alone) in 1996 and 7 habitats
(intertidal Zostera, Spartina, Upogebia, Neotrypaea, grow-
out [two- to three-year old] oyster [Crassostrea gigas] culture
grounds, bare mud/sand, and subtidal) in 1998. Major large-
scale stressors in PNW estuaries are sediment load, nutrients,
and invasive non-indigenous species (Williams and Zedler,
1992). The habitats we investigated are environmentally im-
portant because they account for most of the area of Willapa
Bay and many other PNW estuaries, are alternative states
(Van de Koppel et al., 2001; Suding et al., 2004) that are likely
to change as a function of the major stressors, and they are
known or thought to harbor different benthic macrofaunal

assemblages (Orth, 1973; Rader, 1984; Posey, 1986; Posey
et al., 1991, 2003; Trianni, 1996; Zipperer, 1996; Boström
and Bonsdorff, 1997; Hemminga and Duarte, 2000; Angradi
et al., 2001; Bowden et al., 2001; Dumbauld et al., 2001;
Ferraro and Cole, 2004; Neira et al., 2005).

Our primary research objectives were to develop quantita-
tive, estuary-scale models of benthic macrofaunaehabitat
associations and determine their temporal robustness across
the 4 habitats (Zostera, Spartina, Upogebia, Neotrypaea) com-
mon to both (1996, 1998) studies. We also explored potential
within-habitat relationships between a variety of benthic mac-
rofaunal indicators and ecosystem engineering species density,
sediment %siltþ clay, and sediment %total organic carbon
(TOC) to determine their effect on the benthic macrofauna

Fig. 1. Habitat map of Willapa Bay showing habitat areas and random stations sampled in each habitat in 1998.
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