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Abstract There is a growing list of marine inverte-
brate herbivores known to restrict their host choices to
a subset of available species, yet the relative impor-
tance of the evolutionary forces that select for special-
ized feeding habits remain unclear. One such specialist
is the gammaridean amphipod Peramphithoe tea
(F. Ampithoidae) that restricts its distribution to the
brown laminarian seaweed Egregia menziesiiin Ore-
gon. A Vild survey indicated that among available sea-
weeds in the low intertidal zone of Boiler Bay, Oregon,
Egregia housed greater than 90% ofP. teaindividuals.
A set of laboratory-based habitat and feeding choice
assays revealed that this specialized host distribution is
likely the consequence of choices made by adulP. tea
The restricted host choice is apparently maintained by
at least two evolutionary forces. First, a juvenile per-
formance assay indicates that bottEgregia and the co-
occurring seaweedAlaria marginata, provide high food
quality relative to other seaweeds available in the low-
intertidal zone. Second, aVéld transplantation experi-
ment revealed that Egregia protects adult amphipods
from becoming dislodged with wave energy more read-
ily than did Alaria. Thus, Egregiass value as good qual-
ity food and refuge from abiotic stress together explain
the restricted host use of P. tea. A comparison with
previous studies suggests that use d&gregiais not con-
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sistent across the geographic range d?. tea suggesting
the possibility that the host preferences of local popu-
lations may respond evolutionarily to geographic shifts
in seaweed communities.

Introduction

The forces that sculpt the evolution of specialization
among small herbivores have been explored in terres-
trial systems for decades and in marine systems only
recently (Hay and Fenical 1988. As is the case with
host vascular plants and herbivorous insects (Bernays
and Chapman1994, host seaweeds likely exert strong
selection on the feeding choices, life-histories, mor-
phology and physiology of smaller, sinsect-likes (c.f.
Hay etal. 1987 invertebrates (Steneck and Watling
1982 DuVW and Hay 1991 Jensen1997 Poore etal.
200Q Cruz-Rivera and Hay 2001 Sotka 2005 Taylor
and Steinberg2009. The mechanism of selection var-
ies with the system in question, but generally, small
herbivores specialize on particular host seaweeds
because the seaweed minimizes loss to abiotic forces or
predators, or maximizes growth or mate encounter
rates, among other possibilities. Though a small, but
growing list of animals specialize on a subset of avail-
able seaweeds (e.g., Trowbridgel 991, Hay et al. 1992
Sotka et al. 1999 Poore et al. 2000 Krug 200% Trow-
bridge and Todd 2001, Cruz-Rivera and Paul2006), the
distribution and abundance of marine herbivorous spe-
cialists and the relative importance of the evolutionary
forces that select for their specialized feeding habits
remain unclear.

One potential example of a marine herbivore with
a restricted host range is Peramphithoe tea a
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gammaridean amphipod common to rocky intertidal
shorelines of western North America from Alaska to
Baja California (Conlan and Bousfield 1982). A series
of papers by Gunnill (1982, 1983, 1984) described the
population dynamics of Ampithoe tea (i.e., syn. Peram-
phithoe tea (Conlan and Bousfield)) on the fucoid
Pelvetia compressa (syn. fastigiata), a canopy-forming
seaweed that dominates mid-intertidal habitats in
southern California. Seasonal fluctuations in the abun-
dance of P. tea on P. compressa were related to shifts
in temperature and wave energy (Gunnill 1984), and
interestingly, P. tea appears to outcompete a number of
other small commensal invertebrates. However, these
studies did not address the evolutionary mechanisms
that limit the amphipod P. tea to this particular sea-
weed (c.f. Peramphithoe parmerong Poore and Stein-
berg 1999, 2001; Poore 2004).

In this paper, | focus on the mechanisms that restrict
a low-intertidal population of P. tea from central Ore-
gon to the laminarian seaweed FEgregia menziesii.
E. menziesii ranges from Alaska to Baja California and
is considered one of the most morphologically variable
kelps known. Thallus fronds can reach several meters
in length and consist of lateral blades and sporophylls
whose profound variation in shape is partitioned within
and among individuals and populations (Blanchette
etal. 2002). The faunal community of Egregia species
includes a specialist limpet (Black 1976), among other
more generalist herbivores (Gunnill 1982).

Materials and methods
Field distribution survey

Boiler Bay, Oregon (44.83°N, 124.06°W) is a protected
embayment along the open shores of the northeastern
Pacific Ocean (for details, see Nielsen 2001). In Sep-
tember 2001, | collected five individuals of the six most
common seaweeds in the lower intertidal zone (0.6-
0.0 m below MLLW): the green seaweed Ulva., the red
seaweeds Osmundea sp. and Cryptopleura sp., and the
brown seaweeds Egregia menziesii, Alaria marginata,
and Hedophyllum sessile. Individual seaweeds (ranging
from ~12 g of Ulva to 940 g of Alaria) were placed into
Ziploc bags, returned to the Oregon State University’s
Hatfield Marine Station, and dipped into a weak solu-
tion of insecticide and freshwater. The macroinverte-
brate epifauna was then sieved through a 500 um mesh
and preserved in 10% formalin solution and identified.
Abundances of epifauna were divided by wet mass of
individual seaweed in order to gauge relative density.

@ Springer

Habitat choice assay

| assessed the host choices made by the amphipod
using two sets of assays. The first assay, which | term a
Habitat choice assay, provided individual amphipods
with the opportunity to choose between relatively
large pieces of tissue (10-15 cm) that maintained the
seaweeds’ morphological complexity. In September
2001, ten adult amphipods were placed into each of
ten containers filled with ~12 L of seawater and the
six seaweeds listed above. The amphipods used were
collected from Egregia in the field within 24 h of col-
lection. At the end of 44 h, the number of amphipods
with tubes per seaweed was recorded. Dead or swim-
ming individuals were discarded from the analysis (8
of 100 amphipods). All assays were performed within
a running seawater system of Hatfield Marine Station
using ambient seawater temperatures. In order to
assess differences in the proportion of amphipods
across seaweed species, | used a nonparametric Fried-
man’s test for the whole dataset and also to evaluate
pairwise posthoc differences among seaweeds (follow-
ing Roa 1992).

Feeding choice assay

I allowed the amphipods to feed on small pieces of tis-
sue for nearly five days (i.e., Feeding choice assay). In
September 2001, seaweeds and amphipods were col-
lected from Boiler Bay and utilized within 12 h in this
assay. Pieces were removed from each seaweed, blot-
ted dry, weighed (+1 mg) and placed in each of twelve
plastic bowils filled with ~1 L of seawater and three to
five adult amphipods. To minimize bias in feeding
preference due to encounter rates, tissues from each
seaweed were added to the choice assay bowls at a
blotted wet mass equivalent to 4 cm? (+10%). For
each bowl with amphipods, an identical bowl with
pieces from the same plants was run without amphi-
pods; this acted as a control for autogenic changes in
plant mass unrelated to amphipod feeding. Replicates
were stopped after the amphipods had eaten at least
half of one plant piece, or when up to 114 h had
elapsed. Plant pieces were blotted and re-weighed,
and the change in wet mass of each piece was scaled to
account for autogenic changes in plant mass using the
formula T; x (CJ/C;) — Ty, where T, and T represent
the tissue subject to grazing and C; and C; represent
the control tissue, before (i) and after (f) the experi-
mental run. | analyzed differences in consumption
rates across seaweed species as described for the Hab-
itat Choice assay.
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