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Abstract Parasitic plants are common in natural communities, but are largely ignored in plant community theory. Interactions between parasitic plants and hosts often
parallel those between herbivores and plants: both types
of consumers display host preferences, reduce host biomass and alter host allocation patterns, modify plant
community structure and dynamics, and mediate interactions between host plants and other organisms. In other
cases, basic differences in mobility, hormonal and elemental composition and resource capture between plants
and animals lead to different effects: parasitic plants
have broad host ranges, affect and are affected by host
plant physiology because of similar hormonal pathways
between parasite and host, do not alter nutrient cycling
as extensively as do herbivores, and may simultaneously
parasitize and compete with hosts. Many fundamental
aspects of the ecology of parasitic plants remain poorly
studied, and research to date has been dominated by
laboratory studies and studies of crop pests, rather than
by studies of natural communities.
Keywords Parasite · Parasite-host interactions ·
Parasitic plant · Plant community · Plant-herbivore
interactions

Introduction
The typical plant is an autotrophic organism that obtains
its necessary resources – sunlight, water and minerals –
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from the abiotic environment. This perspective, however,
overlooks the large number of plants that consume other
plants, obtaining much or all of their nutrition from their
prey (Govier and Harper 1965; Press and Graves 1995;
Press 1998). Parasitic plants number some 3,000 species,
about 1% of all angiosperms (Kuijt 1969; Atsatt 1983).
They occur within 16 plant families, represent a wide
variety of life forms from trees and shrubs to vines and
herbs, and are present in most plant communities
throughout the world (Musselman and Press 1995).
There are also more than 400 species of heterotrophic
vascular plants in 87 different genera that lack chlorophyll and parasitize other plants through specialized
mycorrhizal connections (Leake 1994). Moreover, even
fully autotrophic plants may often participate in mycorrhizally mediated parasitism (Chiarello et al. 1982;
Francis and Read 1984; Grime et al. 1987; Moora
and Zobel 1996; Walter et al. 1996; Watkins et al. 1996;
Simard et al. 1997; Marler et al. 1999; but see Robinson
and Fitter 1999). Despite the widespread prevalence of
parasitic plants, and extensive research into their role as
agricultural pests (Knutson 1979; Parker et al. 1984;
Parker and Riches 1993; Riches and Parker 1995), their
role in the structure and function of communities has
rarely been considered from a theoretical perspective
(but see Price et al. 1986; Smith 2000).
Interactions between parasitic plants and their hosts
parallel herbivore-host interactions in many ways. Although the obvious analogy between parasitic plants and
herbivores was drawn several decades ago (Govier and
Harper 1965), we are still a long way from rigorously
evaluating Atsatt’s (1977) hypothesis that the relationship between plants and herbivorous insects could serve
as a model for studying the community ecology of hostparasite relations in plants. Here, we synthesize and analyze the literature in order to compare and contrast herbivores and parasitic plants with respect to host choice,
impacts on hosts, and impacts on communities. Although
many potential parallels can be developed between herbivores and parasitic plants on the simple basis of mode
of nutrition, their fundamental membership in different
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kingdoms of life results in some important differences in
their ecological effects.

Host choice
Like herbivores, parasitic plants display strong host
preferences, may benefit from dietary mixing and likely
benefit from hosts with high nitrogen contents. In contrast to most herbivores, parasitic plants have broad host
ranges, and allocation patterns that can be strongly
affected by host identity. Many of the possible parallels
between diet choice in herbivores and parasitic plants
have yet to be investigated. In particular, little is known
about the chemical ecology of interactions between parasitic plants and their hosts.
Like herbivores, parasitic plants are able to “choose”
among potential hosts (Kelly 1992). In the field, parasitic plants typically attack a subset of the hosts available
to them (Gibson and Watkinson 1989; Pennings and
Callaway 1996). Parasitic plants are capable of a variety
of different foraging patterns. Parasites can forage in
time by producing seeds that only break dormancy following cues released by potential hosts (Kuijt 1969;
Atsatt 1977, 1983; Press et al. 1990; Press and Graves
1995). Following germination, parasitic plants can forage in space by selectively growing toward or away from
hosts, or by selectively penetrating host tissues following
contact (Kelly 1990, 1992; Callaway and Pennings 1998;
L.S. Adler, personal communication). In both cases, we
have an emerging understanding of the proximate chemical cues that are involved (Worsham et al. 1964; Cook et
al. 1972; Edwards 1972; Lynn et al. 1981; Steffens et al.
1982, 1983; Atsatt 1983; Press et al. 1990; Appel 1993).
Finally, some parasitic plants may rely on animal vectors
to move seeds to appropriate hosts (Kuijt 1969; Knutson
1979; Calder 1983).
Despite these foraging patterns, the sedentary nature
of parasitic plants constrains their ability to locate hosts,
which is likely to result in selection favoring broad host
ranges. Host range varies widely among species of parasitic plants (e.g., Atsatt and Strong 1970; Norton and
De Lange 1999). Single species of Cuscuta and Castilleja can parasitize hundreds of host species in many
different families, whereas some species of mistletoe
parasitize only one host species (Musselman and Press
1995). Although parasitic plants with narrow host ranges exist (Barlow and Wiens 1977), they are the exception rather than the rule (Chuang and Heckard 1971;
Watkinson and Gibson 1988; Gibson and Watkinson
1989; Musselman and Press 1995). In this regard,
parasitic plants are similar to marine herbivores and
mammalian herbivores, which tend to be generalists
(Crawley 1983; Hay and Steinberg 1992), but differ
from terrestrial herbivorous insects, which tend to be
specialists (Price 1983; Strong et al. 1984; Bernays
1989).
Despite the generalist nature of most parasitic plants,
the performance of the parasite may vary by an order of

magnitude among hosts, with some hosts barely sufficient to support the parasite’s life and others supporting
vigorous growth and reproduction (Atsatt and Strong
1970; Chuang and Heckard 1971; Snogerup 1982; Kelly
1990; Gibson and Watkinson 1991; Seel et al. 1993;
Matthies 1996, 1997, 1998). Typically, growth of the
parasite correlates positively with severity of damage to
the host (Atsatt and Strong 1970; Gibson and Watkinson
1991; Matthies 1996; Marvier 1996, 1998a, b; but see
Matthies 1998). Different populations of a host may also
differ in vulnerability and value to parasites, suggesting
the possibility for induction or evolution of resistance;
however, the typical pattern of hosts being more resistant
to sympatric parasites does not necessarily occur, perhaps because, unlike microbial parasites, parasitic plants
do not have a markedly shorter generation time (and thus
greater evolutionary potential) than their hosts (Riches
and Parker 1995; Koskela et al. 2000; Mutikainen et al.
2000).
Unlike herbivores, allocation patterns in parasitic
plants may vary depending on host species (Chuang and
Heckard 1971; Snogerup 1982; Seel and Press 1993;
Marvier 1996; Matthies 1998). The causes and significance of this variation remain obscure, but could result
from host hormones interfering with physiological control of the parasite (Seel and Press 1993). Although herbivores are not likely to be affected by plant hormones,
they may be affected by animal hormones (or mimics)
produced by plants as anti-herbivore defenses (Harborne
1993); the typical result, however, is reproductive failure
(in mammals) or death due to developmental abnormalities (in insects) rather than non-lethal changes in morphology.
Many parasitic plants can simultaneously parasitize
multiple host individuals (Gibson and Watkinson 1989;
Kelly and Horning 1999). Since different host species
may supply a parasite with different resources, including both nutrients and chemical defenses, a mixture
of host species may be superior to a single host alone
(Govier et al. 1967), much like the fact that “mixed
diets” provide better nutrition to animals than “singleitem” diets (Pennings et al. 1993; Bernays et al. 1994).
Experimental analyses of mixed diets show that they
benefit some parasitic plant species, but not all
(Matthies 1996; Marvier 1998a, b; Kelly and Horning
1999; Matthies and Egli 1999; Joshi et al. 2000). Future
studies of mixed diets may be helpful in understanding
the broad host ranges of parasitic plants versus insects.
These studies will be most useful if conducted in the
field, because the advantages of obtaining nutrients
and/or chemical defenses from multiple hosts may only
be apparent under conditions of natural resource availability and herbivore load.
Understanding why parasitic plants choose the hosts
that they do, why the performance of parasitic plants
varies between hosts, and why combinations of hosts
sometimes are superior to a single host and not at other
times, requires a better understanding of the host traits
that matter most to parasitic plants. Extensive research on
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this issue within the context of herbivore-host relations
has identified a wide variety of traits, including plant
secondary chemistry, toughness, and content of nitrogen
and sterols, that mediate host choice in particular cases;
however, the importance of these factors often varies between different species of herbivores (Pennings and Paul
1992; Behmer and Grebenok 1998; Joern and Behmer
1998; Pennings et al. 1998; Behmer and Elias 2000). A
similar rigorous analysis has not been conducted for parasitic plants; nonetheless, some patterns are evident. Performance of parasitic plants is often better on legumes,
suggesting that N content is important to performance
(Watkinson and Gibson 1988; Gibson and Watkinson
1991; Seel and Press 1993, 1994; Seel et al. 1993;
Matthies 1996, 1998; Tennakoon and Pate 1996; but see
Atsatt and Strong 1970; Kelly 1990; Marvier 1996,
1998b). Limited evidence suggests that plants low in
minerals or high in secondary metabolites may be poor
hosts (Kelly and Horning 1999), and that stressed hosts
may be less able to resist infection by parasites (Gehring
and Whitham 1992). Most of these studies are correlative,
and in only a few cases have plant traits been manipulated to demonstrate that they directly affect parasite
preferences or performance (Kelly 1992; Salonen and
Puustinen 1996; Puustinen and Salonen 1999a). Open
questions that have long been ripe for experimental
studies are (1) whether parasitic plants use host secondary
metabolites as “feeding” cues, and (2) whether parasites
are negatively affected by host secondary metabolites
(Atsatt 1977). Two lines of argument support the hypothesis that parasitic plants are less affected, either positively or negatively, by plant secondary metabolites, compared to herbivorous insects. First, the relatively broad
host range of most parasitic plants suggests that they are
not responding strongly to traits of particular hosts. Second, because the host and parasite share the same primary
physiology, it may be difficult for host plants to deploy
chemical defenses against parasitic plants without simultaneously poisoning themselves.
Many other aspects of host choice remain relatively
unstudied in parasitic plant systems. For example, despite the enormous literature on induced defenses in
plant-herbivore systems, it is largely unknown if hosts
can induce defenses against parasitic plants (but see
Khana et al. 1968; Sahm et al. 1995; Bringmann et al.
1999). The hypothesis that herbivores may choose hosts
in order to avoid predators (Bernays and Graham 1988)
is analogous to the hypothesis that some parasitic plants
gain protection from herbivores by mimicking host foliage (Atsatt 1977; Barlow and Wiens 1977; Ehleringer
et al. 1986a); however, experimental tests of this hypothesis are lacking. Finally, although many studies have
examined positive and negative induction of feeding
preferences of herbivores, only one study has examined
whether prior host experience by parasitic plants affects
future host preferences of the parasite or its offspring
(L.S. Adler, personal communication).

Impacts on hosts
The direct effects of parasitic plants on hosts have been
extensively reviewed (Calder 1983; Parker and Riches
1993; Graves 1995). In comparison to herbivores, parasitic plants may have greater effects on their hosts in proportion to the mass of the consumer and the amount of
resources removed. For example, several millimeters
of shoot of the root hemiparasite Striga hermonthica can
reduce the biomass of its Sorghum host by more than
30 times (Parker et al. 1984). This disproportionate impact of parasitic plants on their hosts is mostly caused by
parasite-induced changes in host allocation and/or physiology. Cuscuta (dodder) species alter host physiology by
acting as a stronger sink for photosynthate than any host
organ (Ihl et al. 1984; De Bock and Fer 1992; Parker and
Riches 1993). Similarly, although mistletoe leaf area is
generally several orders of magnitude lower than that of
their hosts, they reduce host growth, partly by diversion
of resources (Hull and Leonard 1964; Miller and Tocher
1975; Schulze and Ehleringer 1984; Ehleringer et al.
1985, 1986b; Marshall and Ehleringer 1990; Rey et al.
1991; Marshall et al. 1994), but also by parasite-induced
physiological responses that result in abnormal growth
patterns and altered resource allocation of the host
(Brochot and Tinnin 1986; Wanner and Tinnin 1986; Ihl
et al. 1987). Parasitic plants alter the morphology and
physiology of their hosts by stimulating production of
host growth hormones or by infusing hormones directly
into hosts (Drennan and El-Hiweris 1979; Knutson 1979;
Livingston et al. 1984).
Perhaps the best-studied example of these parasitenduced physiological effects on hosts comes from
tudies of dwarf mistletoe (Arceuthobium spp.). Dwarf
mistletoe may constitute less than a tenth of a percent
of the living mass of a mature conifer tree, yet it significantly increases whole-tree water use and decreases
leaf water potentials (Ehleringer et al. 1986b; Goldstein
et al. 1989; Sala et al. 2001). Both infected and uninfected branches on infected trees have lower water use
efficiencies than uninfected trees (Fig. 1A). This suggests that mistletoe forces stomata throughout the entire
tree to transpire at times that are not favorable, probably explaining why pre-dawn leaf water potentials are
lower in infected than control trees (Fig. 1B). Perhaps
because of the resource sinks established by dwarf mistletoe infection, uninfected branches above infected
branches on the same tree have lower leaf mass per
branch diameter (R.M. Callaway, unpublished data).
In addition to changes in host physiology, dwarf mistletoe alters host allocation patterns by inducing massive
“brooms” on conifers. Brooms impair plant nutrient
balance and water relations, and alter photosynthetic
and respiration rates (Tinnin and Knutson 1980;
Wanner and Tinnin 1986; Parker and Riches 1993;
Sala et al. 2001). The net effect of these changes in
physiology and morphology is that growth rates of trees
infected by mistletoe may be reduced by up to 80%
(Fig. 1C).
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Fig. 1A–C Impact of dwarf mistletoe (Arcethobium) on physiology of host trees (Pseudotsuga menzeisii and Larix occidentalis)
in western Montana. Data are means ± 1 SE. A Carbon isotope
ratios of Pseudotsuga leaves (1994 cohort collected in September
1994). Lower values indicate lower water-use efficiencies. Trees
were either infected (Arcethobium present in >40% of canopy)
or uninfected (no Arcethobium). All leaves were collected from
lower north-facing branches. Shared letters indicate no significant
difference. B Predawn xylem pressure potential for Pseudotsuga
and Larix in 1993. F(species)=5.52, P=0.34; F(infection)=24.59,
P<0.001. C Mean width of the 1993 and 1994 growth rings combined for Pseudotsuga and Larix. Trees were classified as uninfected (no Arcethobium), lightly infected (Arcethobium present in
10–30% of canopy) or heavily infected (Arcethobium present in
40–80% of canopy). All trees were between 25 and 45 cm DBH.
Shared letters within a species indicate no significant difference

Parasitic plants other than mistletoes and dodder also
intensify their effects on hosts by altering host physiology. For example, Press et al. (1988) found that eight
species of root hemiparasites transpired at high rates during the night, with some species transpiring more during
the night than the day. All of the hemiparasites studied
acquired large amounts of nutrients from their hosts, and
nighttime transpiration would allow the parasites to continue to acquire nutrients in the xylem stream. Many parasitic plants have the ability to deregulate host stomatal
control (Press et al. 1988, 1990; Graves et al. 1990; Seel
and Press 1994). Stomatal deregulation may decrease
host water-use-efficiency and whole plant water relations
(Goldstein et al. 1989; Sala et al. 2001). Herbivores such
as aphids and gall-making insects may also act as
resource sinks and manipulate host physiology and/or
morphology (Crawley 1983; Louda et al. 1990), and the

saliva of chewing herbivores can affect plant growth
(Dyer 1980; McNaughton 1985a). Thus, herbivores and
parasitic plants may both alter host physiology in various
ways; however, the magnitude of the effects supports the
hypothesis that the impacts of parasitic plants on host
plant physiology exceed those of herbivores.
Consumption of hosts by parasitic plants and herbivores may not only differ in degree, but also in ecosystem impacts. Plant biomass consumed by herbivores
may be transported to new locations, and returned to
the soil as concentrated, labile waste materials that can
have large impacts on plant production and community
composition (Crawley 1983; McNaughton 1985b; Ruess
et al. 1989; McNaughton et al. 1997; Steinhauer and
Collins 2001). In contrast, plant biomass consumed by
parasitic plants remains in the same general location
without large changes in chemical composition or ecosystem properties (but see Press 1998).
Host-parasite interactions among animals and between
animals and plants have provided models for understanding coevolution (Price 1980; Spencer 1988; Toft et al.
1991; Marquis 1992; Thompson 1994; Yan and Stevens
1995); studies of parasitic plants as selective forces, and
of the reciprocal response of the parasite, are far fewer
(Norton and Carpenter 1998). The lack of narrow host
ranges among most parasitic plants suggests that coevolutionary selection is weak (but see above for exceptions
such as dwarf mistletoe). Parasitic plants frequently
reduce the reproductive output of their hosts (Silva and
Martinez del Rio 1996; Puustinen and Salonen 1999b),
but there is little evidence for directional selection, perhaps because the traits that mediate host choice are
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poorly understood. Medel (2000) studied the potential for
Tristerix aphyllus mistletoes to select for defensive traits
in two cactus species in northern Chile. He found that
Tristerix decreased fruit production, seed number per
fruit, and total seed output of one of the species, Echinopsis chilensis, and appeared to select for longer spines that
deter the birds that disperse Tristerix seeds.
The net effect of herbivory on the growth rate, final
biomass, or reproduction of a plant can be negative, neutral, or positive, with the latter generally referred to as
‘compensatory growth’. The large and controversial
body of literature on compensatory responses of plants to
herbivory (Owen and Wiegert 1976; Belsky 1986;
Crawley 1987; Paige and Whitham 1987; Machinski and
Whitham 1989; Belsky et. al. 1993; Trumble et al. 1993;
de Mazancourt et al. 2001) is paralleled by only a few
studies of plant responses to damage by parasitic plants
(Seel and Press 1996; Puustinen and Salonen 1999b).
Comparing the responses of hosts to consumption by
parasitic plants versus herbivores may provide new insights into the general phenomenon of compensatory
growth.

Impacts on communities
Like herbivores, parasitic plants can have strong impacts
on the communities in which they occur, altering plant
community biomass, species composition, diversity and
dynamics. Herbivores and parasitic plants both mediate
interactions between host plants and other species such
as parasitic nematodes and mycorrhizal fungi, and both
may benefit from sequestered secondary metabolites.
Interactions between parasitic plants and hosts, however,
can differ from plant-herbivore interactions because
some parasites simultaneously compete with the host
plants that they consume.
Parasitic plants can be divided into holoparasites,
which lack chlorophyll and derive all their resources
from their host, and hemiparasites, which contain chlorophyll and derive only part of their resources from their
host. Like herbivores (McNaughton 1985b; Hay and
Fenical 1988), holoparasites commonly reduce the total
biomass of the plant community (Pennings and Callaway
1996). Although hemiparasitic plants also reduce the
biomass of their host community, this reduction can
occasionally be compensated for, or even exceeded by,
the production of the parasite (Marvier 1996; Joshi et al.
2000). Thus, the net effect of a hemiparasite on total
plant community biomass can be negative, neutral or
positive, although negative effects are most typical
(Mizianty 1975; Matthies 1995, 1996, 1998; Marvier
1998b; Matthies and Egli 1999; Joshi et al. 2000).
The fact that hemiparasites are partially autotrophic
means that they compete (primarily for light) with their
hosts. This difference in resource capture between herbivores and hemiparasites causes the latter to be limited in
distribution to relatively nutrient-poor, low-biomass habitats (Matthies 1995; Smith 2000). In sites with low pro-

ductivity, competition for light is minimal, and hemiparasites can be highly successful. In contrast, at sites with
high vegetation biomass, the negative effects of competition for light may outweigh the benefits of parasitism
such that autotrophic plants outcompete hemiparasites.
In comparison, the abundance of herbivores generally increases with plant productivity (Oksanen et al. 1981;
Crawley 1983; McCauley et al. 1988).
Herbivores commonly alter the composition of plant
communities (Bryant et al. 1991; Louda et al. 1990). In
the same way, since parasitic plants selectively depress
the biomass of preferred host taxa, plant parasitism can
alter the competitive balance between preferred and nonpreferred hosts (Gibson and Watkinson 1991; Matthies
1996; Callaway and Pennings 1998; but see Matthies and
Egli 1999). As a result of this indirect effect, the species
composition of the non-parasitic vegetation may differ
between communities with and without parasitic plants
(Gibson and Watkinson 1992; Pennings and Callaway
1996; Joshi et al. 2000). The strength of the impact has
been suggested to depend on the virulence and degree of
host-specificity of the parasite, with the most virulent
and specialized parasites having the largest impact on
community structure (Gibson and Watkinson 1992).
Virulence may differ not only between species of parasites but also across environmental gradients, as illustrated by our studies of the dodder, Cuscuta salina, in a
southern California salt marsh (Fig. 2). Cuscuta is more
virulent at higher elevations in the marsh than at lower
elevations (Fig. 2A). The reason for this variation has
not been explored, but it is likely due to increased tidal
flooding at lower elevations causing stress in Cuscuta. In
higher marsh zones, Cuscuta prefers to infect Salicornia
and avoids Arthrocnemum, Frankenia and Limonium
(Fig. 2B). In lower marsh zones, Cuscuta slightly prefers
to attack Jaumea versus Salicornia, but both are readily
attacked (Pennings and Callaway 1996). In the absence
of the parasite, plants compete to create vegetation
pattern across the marsh landscape. Arthrocnemum and
Salicornia strongly compete at their border (Pennings
and Callaway 1992), and Salicornia appears to be competitively dominant over Frankenia and Limonium in the
high-Salicornia zone (Pennings and Callaway 1996). At
lower elevations, Jaumea is competitively dominant over
Salicornia (Fig. 2C). These differences in virulence,
host-preference, and community interactions combine
to produce different types of parasite effects at different
elevations. At the Arthrocnemum-Salicornia border,
Cuscuta preferentially attacks Salicornia and indirectly
favors Arthrocnemum, releasing it from competition and
allowing it to expand to lower elevations (Fig. 2D).
In the high-Salicornia zone, Cuscuta again preferentially attacks Salicornia, indirectly favoring Limonium
and Frankenia (Fig. 2E). In the deep-Salicornia zone,
Cuscuta is not very virulent, and it readily attacks
both Salicornia and Jaumea. Because both virulence and
preference are weak in this marsh zone, Cuscuta has
no effect on the competitive interaction between the two
potential hosts (Fig. 2F).
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Fig. 2A–F Community impacts of dodder, Cuscuta salina, at three
elevational zones in a southern California salt marsh. Zones differ in
elevation and plant composition (Pennings and Callaway 1992,
1996; Callaway and Pennings 1998). Top: schematic of marsh zones
and biological interactions. Solid arrows indicate direct effects,
dashed arrows indicate indirect effects, effect strength is indicated
by width of arrow. Bottom: A Virulence of Cuscuta (also see Pennings and Callaway 1996). Forty 0.5×0.5 m plots were marked in the
high-Salicornia and deep-Salicornia zones in May 1994. All plots
initially had 100% cover of Salicornia. In each zone, 10 “infected”
plots had 98–100% cover of Cuscuta and 10 control plots had no
Cuscuta. Cover of Salicornia was measured again the following
May, and virulence calculated by subtracting the mean values for infected plots (High-Salicornia zone: 76±7 (SE); deep-Salicornia
zone: 97±1) from mean values for control plots (High-Salicornia
zone: 100±0; deep-Salicornia zone: 100±0). (B) Preference for
Salicornia versus “A”, Arthrocnemum; “F”, Frankenia; “L”, Limonium; “J”, Jaumea. Preference index (±SE) varies from 0 (strongly
avoided) to 1 (strongly preferred); 0.5 indicates no preference. All
bars are significantly different from 0.5 (data from Pennings and
Callaway 1996; also see Callaway and Pennings 1998). C Competitive interactions between Salicornia and Jaumea. Jaumea occurs as
discrete patches in the low marsh. Twenty 0.5×0.5 m plots were established on each side of the border between Salicornia and Jaumea

in June 1997. Salicornia was removed from half of the patches that
it dominated, and Jaumea from half of the patches that it dominated.
Weeding was repeated in 1998. In April 1999, plant cover was recorded in each patch. Data are means±SE. Removing Jaumea
strongly increased Salicornia cover, but removing Salicornia had no
effect on Jaumea cover, indicating that Jaumea was competitively
dominant over Salicornia. These experiments were conducted during a period when Jaumea was expanding in cover, and may not reflect the long-term competitive balance between these two species.
D Impact of Cuscuta at the Arthrocnemum-Salicornia border. Over
time, Salicornia decreased and Arthrocnemum increased in plots infected with Cuscuta (data from Callaway and Pennings 1998).
E Impact of Cuscuta in the high-Salicornia zone. Large patches of
Cuscuta suppress Salicornia and favor Limonium and Frankenia
(data from Pennings and Callaway 1996). F Impact of Cuscuta
in the deep-Salicornia zone. Twenty-two plots were located on
the edges of Jaumea patches in the deep-Salicornia zone in May
1994; plots initially had >90% cover of both Jaumea and Salicornia; 11 “infected” plots also had 98–100% cover of Cuscuta
whereas 11 control plots had no Cuscuta. Plant cover was measured
again in May 1995. Cuscuta infection did not affect cover of
Salicornia or Jaumea, but cover of Salicornia decreased over time
as Jaumea patches expanded (these long-term changes in Jaumea
patch size were probably driven by long-term variation in climate)
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In cases where parasites mediate changes in species
composition, these changes may increase or decrease
plant diversity, depending on whether the preferred
hosts are common or rare in the absence of the parasite
(Gibson and Watkinson 1992; Joshi et al. 2000). Parasitic plants might also mediate community diversity in
nutrient-poor systems by altering the distribution and recalcitrance to decomposition of plant litter (Press 1998);
however, this hypothesis remains to be tested.
If parasites have strong effects on host survival, they
may drive preferred hosts locally extinct, and then go
locally extinct themselves. Once the parasite disappears,
conditions should then favor the re-establishment of the
original vegetation. The dodder Cuscuta salina may
drive this kind of vegetation cycle in coastal salt marshes
(Pennings and Callaway 1996). Similarly, in a tidal
freshwater marsh, abundances of C. gronovii and its preferred host, Impatiens capensis (both annuals), appear to
cycle over time, suggesting that Cuscuta limits seed production of Impatiens, and Impatiens abundance in turn
limits Cuscuta success (Leck and Simpson 1995). In the
same way, interactions between herbivores and plants
may also lead to various types of cyclical behavior
(Yeaton 1978; Bryant 1981; Oksanen et al. 1981; Bryant
et al. 1983, 1985; McNaughton 1985b; Louda et al.
1990).
The impacts of parasitic plants on their hosts create
the potential for a diverse suite of indirect interactions
between parasitic plants and other species in the community. Parasitic plants may compete with other species
that consume plants, such as herbivores and parasitic
nematodes, because all consumers are likely to have
negative effects on the host, which represents a shared
and potentially limiting resource (Gomez 1994; Salonen
and Puustinen 1996; Puustinen and Salonen 1999a;
Puustinen et al. 2001; Puustinen and Mutikainen 2001).
Alternatively, by weakening hosts, parasitic plants
might make them more vulnerable to attack by other
consumers (Stevens and Hawksworth 1970; Scharpf
1975). Parasitic plants may also interact with the mycorrhizae of their hosts. Infection by parasitic plants, like
damage caused by herbivores (Gehring and Whitham
1991, 1994, 1995), can reduce levels of mycorrhizal
colonization on host plants (Gehring and Whitham
1992; Davies and Graves 1998). Whether herbivores
and parasitic plants suffer or benefit from mycorrhizal
colonization of the host depends on whether mycorrhizae most affect host defenses or host biomass and nutritional quality (Sanders et al. 1993; Gehring and
Whitham 1994; Davies and Graves 1998; Salonen et al.
2000). Finally, because parasitic plants can change the
morphology of their hosts, they are likely to affect species that use plants as a habitat. For example, mistletoe
infection increases the density and diversity of forest insects and birds (Stevens and Hawksworth 1970; Scharpf
1975; Bennetts et al. 1996). We are just beginning to
scratch the surface of all these types of indirect effects
involving parasitic plants, and more studies of these
interactions are needed. In particular, since interactions

among parasitic plants and other organisms may be
mediated by a wide variety of biotic and abiotic factors,
results of pot and mesocosm studies need to be corroborated by studies conducted in the field.
Finally, the composition of the plant community may
in turn affect interactions between parasitic plants and
their herbivores. Like herbivores (Rowell-Rahier and
Pasteels 1992; Harborne 1993), parasitic plants obtain
a wide variety of compounds from their host plants
(Govier et al. 1967; Wallace et al. 1978; Rozema et al.
1986; Seel and Press 1993; Graves 1995; Marvier 1996;
Kelly and Horning 1999), including both compounds of
nutritional value (Govier et al. 1967; Klaren and Janssen
1978; Page 1995; Tennakoon and Pate 1996; Marvier
1998a) and others such as secondary metabolites that
may function as defenses (Boonsong and Wright 1961;
Stermitz et al. 1989, 1993; Boros et al. 1991; Mead et al.
1992; Adler and Wink 2001; L.S. Adler, unpublished
data). As a result, which host species a parasitic plant is
attached to can affect its vulnerability to herbivores
(Harvey 1966; Marvier 1996, 1998a; Adler 2000; L.S.
Adler, in preparation; Adler et al. 2001; but see Stermitz
et al. 1989).

Future directions
Parasitic plants provide a novel opportunity to explore
the kingdom-level generality of plant-herbivore and parasite-host theories. Moreover, the ability of parasitic
plants to sequester a variety of compounds from their
hosts provides an under-utilized approach to studying
effects of plant secondary metabolites and hormones
(e.g., Adler 2000). There appear to be broad similarities
between parasitic plants and herbivores. Where exceptions occur, these are linked to fundamental differences
between plants and animals in mobility, hormonal and
elemental composition, and resource capture. Some of
the comparisons drawn in this paper are based on very
few studies and are quite speculative, and there are many
areas that are ripe for further research. In particular, we
know relatively little about the basis for host preferences
of parasitic plants, about defenses of host plants and
traits of hosts that affect parasite vigor, about the selective pressures that parasitic plants impose on hosts, and
about multi-species interactions mediated by parasitic
plants. Finally, our current knowledge of the biology of
parasitic plants is dominated by laboratory studies, and
by studies of crop pests. In order to place the knowledge
gained from these studies into context, there is a need for
more field studies of parasitic plants in the communities
in which they naturally occur.
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