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IMPACT OF A PARASITIC PLANT ON THE STRUCTURE AND
DYNAMICS OF SALT MARSH VEGETATION!
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Abstract. We investigated the effect of a native parasitic plant, Cuscuta salina, on the
structure and dynamics of the plant community in a California salt marsh. Cuscuta was
common in the middle marsh zones. The abundance of Cuscuta was positively correlated
with the abundance of Limonium californicum at two sampling scales (0.25- and =~40-m?
quadrats). Sampling at the scale of individual plants indicated that the dominant plant in
the marsh, Salicornia virginica, was preferred by Cuscuta as a host over Arthrocnemum
subterminale, Limonium californicum, and Frankenia salina. This result was confirmed
with host-choice experiments in the field.

Based on spatial correlations and host-choice experiments, we hypothesized that Cuscuta
indirectly facilitated Limonium and Frankenia, increasing plant diversity and initiating
vegetation cycles. This hypothesis was supported by sampling patches with different his-
tories of Cuscuta infection. Patches with recent heavy Cuscuta infection had reduced Sal-
icornia biomass and increased Limonium and Frankenia biomass relative to controls. This
effect was most pronounced at higher elevations and in larger, older patches. The hypothesis
was also supported by sampling permanent quadrats repeatedly over time. The probability
that Cuscuta would invade a quadrat increased with increasing cover of Salicornia. Quadrats
containing Cuscuta increased in Limonium and Frankenia cover between censuses relative

to quadrats lacking Cuscuta.

Our results indicate that parasitic plants can have strong effects on the structure and
dynamics of natural vegetation assemblages. However, these effects are mediated by phys-
ical and biological gradients across the landscape.
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INTRODUCTION

Current theories of plant community dynamics in-
clude the concept that species may replace each other
in cycles over time. ‘‘Shifting-mosaic”” and ‘“‘mosaic-
cycle” hypotheses have been proposed and modelled
(Aubreville 1938, Watt 1947, Clark 1991, Remmert
1991), but the mechanisms that drive such cycles are
poorly understood. Although cycles of species abun-
dance can be initiated by regular, reoccurring distur-
bances (Yeaton 1978, Doyle 1982, Reice 1994) or ep-
isodes of herbivory (McNaughton 1985), cycles may
also occur in the apparent absence of these phenomena
(Viereck 1970, Forcier 1975, Woods 1984, Callaway
and Davis 1993). In the absence of periodic disturbance
or herbivory, cycles might occur in response to inter-
specific interactions among plants (Strong 1977, Mc-
Auliffe 1988, Callaway and Davis 1993). However, rel-
atively little evidence exists for interaction-driven cy-
cles within plant communities.

Interplant parasitism is a widespread phenomenon,
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with over 5000 species of parasitic plants occurring
worldwide, but its role in determining plant community
structure is poorly understood. Despite the fact that
parasitic plants are components of many natural plant
communities, have strong host preferences, may
strongly suppress their host plants, and may have con-
siderable impact as crop pests (Kuijt 1969, Gibson and
Watkinson 1989, 1992, Kelly 1990, Parker and Riches
1993), little is known about their impact on natural
plant communities (Tinnin 1984, Price et al. 1986, Wat-
kinson and Gibson 1988, Gibson and Watkinson 1992).

Cuscuta salina (marsh dodder) is a common and
widespread plant parasite in saline locations on the
west coast of North America. Initial observations sug-
gested that Cuscuta salina preferentially infects and
can strongly suppress the pickleweed Salicornia vir-
ginica, which dominates most elevations of California
salt marshes. Using a variety of approaches, we in-
vestigated the role of Cuscuta salina in determining
marsh plant community structure. Our research was
designed to test the general hypothesis that Cuscuta
salina initiates cycles of species abundance by sup-
pressing Salicornia virginica, thereby creating patches
where other species can temporarily invade.
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Fic. 1. Diagrammatic cross section of study site, Carpinteria, California, showing marsh zones, general patterns of soil

salinity, flooding frequencies (from Callaway et al. 1990), and approximate horizontal extent of each zone. Marsh vegetation
exists at higher and lower elevations than shown here. The figure is not drawn to scale. MHHW = mean high high water.

METHODS
Study site and species

Field research was conducted in Carpinteria Salt
Marsh (34°24’' N, 119°31'30” W),-located in southern
California, USA (described in Ferren 1985, Callaway
et al. 1990, Pennings and Callaway 1992, Callaway
1994, Callaway and Sabraw 1994). This relatively un-
disturbed system experiences a mediterranean climate
with most rain falling between November and April.

Plants in the marsh are distributed along a gradual
elevational gradient (Fig. 1). Most of the marsh area,
from several hundred metres seaward to =70 m inland
of Mean High High Water (MHHW) is dominated by
Salicornia virginica. We refer to distinctly different
locations in the upper part of this region as the high-
Salicornia and low-Salicornia zones (following Pen-
nings and Callaway [1992]), and to the lower part of
this region as the deep-Salicornia zone. At higher el-
evations, Salicornia is abruptly replaced by an almost
monospecific stand of Arthrocnemum subterminale,
followed by an unvegetated salt flat, a mixed-species
zone dominated by Arthrocnemum and winter annuals
(the transition zone), and finally a grassland zone (not
shown in Fig. 1). Limonium californicum and Fran-
kenia salina occur at low densities throughout the Sal-
icornia, Arthrocnemum, and transition zones. Jaumea
carnosa occurs at low densities in the deep-Salicornia
zone.

Cuscuta salina Engelm. var. major Yunck. is an ob-
ligate parasitic annual (although overwintering of veg-
etative parts is common) widely distributed in coastal
salt marshes from Mexico to British Columbia (Zedler
1982, Ferren 1985). Other varieties of Cuscuta salina
are distributed in saline locations at low-elevation, in-
land sites throughout western North America. In salt
marshes, Cuscuta forms mats of intertwined bright or-
ange stems covering infected host plants. Stems coil
tightly around host plants and produce root-like ‘‘haus-
toria,”” which penetrate into the host plant’s phloem.

Dense mats of Cuscuta can be seen from a considerable
distance and are a striking visual feature of west coast
marshes. Cuscuta can invade new areas through veg-
etative growth or through dispersal of seeds.

Distribution of Cuscuta

Because typical salt marsh plants are strongly influ-
enced by gradients in edaphic and biological factors
across the marsh (Bertness 1992), we expected the
abundance and impact of Cuscuta to vary across the
landscape. We used two approaches to measure the
abundance of Cuscuta in different marsh zones. Quad-
rat sampling ensured that we would not miss thin iso-
lated shoots of Cuscuta or small Limonium plants. Low
altitude photo-sampling expanded the scale of the plots
to describe entire patches of Cuscuta and Limonium.

To determine the relative abundance of Cuscuta in
different marsh zones, we randomly located 100 0.25-
m? quadrats in each of several marsh zones in the sum-
mers of 1993 and 1994. Within each quadrat, Cuscuta
was qualitatively scored as absent (no infection), pres-
ent in the quadrat at low density (light infection), or
present in a heavy mat (heavy infection). For each year,
we tested the hypothesis that the pattern of infection
did not differ across marsh zones with chi-square tests.
Because results of this sampling and personal obser-
vations indicated that Cuscuta was virtually absent in
the transition and Arthrocnemum zones, further work
focused primarily on the Salicornia zones.

Photo-sampling, described in the following para-
graph, indicated that Cuscuta and Limonium were pos-
itively correlated across the landscape. To determine if
this relationship would also hold at a much smaller
scale and with a different methodology, we sampled
23 stratified-random 0.25-m? quadrats along a 150-m
transect running from the Arthrocnemum—Salicornia
border into the deep-Salicornia zone. The quadrat was
divided with monofilament line into 100 cells. The
presence or absence of Cuscuta and Limonium in each



