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Abstract Hemiparasites are known to influence commu-
nity structure and ecosystem functioning, but the underly-
ing mechanisms are not well studied. Variation in the
impacts of hemiparasites on diversity and production could
be due to the difference in the relative strength of two inter-
acting pathways: direct negative effects of parasitism and
positive effects on N availability via litter. Strong effects of
parasitism should result in substantial changes in diversity
and declines in productivity. Conversely, strong litter
effects should result in minor changes in diversity and
increased productivity. We conducted field-based surveys
to determine the association of Castilleja occidentalis with
diversity and productivity in the alpine tundra. To examine
litter effects, we compared the decomposition of Castilleja
litter with litter of four other abundant plant species, and
examined the decomposition of those four species when
mixed with Castilleja. Castilleja was associated with minor
changes in diversity but almost a twofold increase in pro-
ductivity and greater foliar N in co-occurring species. Our
decomposition trials suggest litter effects are due to both the
rapid N loss of Castilleja litter and the effects of mixing
Castilleja litter with co-occurring species. Castilleja pro-
duces litter that accelerates decomposition in the alpine tun-
dra, which could accelerate the slow N cycle and boost
productivity. We speculate that these positive effects of
litter outweigh the effects of parasitism in nutrient-poor
systems with long-lived hemiparasites. Determining the
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relative importance of parasitism and litter effects of this
functional group is crucial to understand the strong but
variable roles hemiparasites play in affecting community
structure and ecosystem processes.
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Introduction

While traditionally understudied (Pennings and Callaway
2002), hemiparasitic plants, parasitic plants that still photo-
synthesize, can play key roles in determining community
structure and ecosystem function (Pennings and Callaway
1996; Davies etal. 1997; Marvier 1998; Quested et al.
2003a; Ameloot et al. 2005, Ameloot et al. 2008; Phoenix
and Press 2005; Bardgett et al. 2006). However, the effects
of hemiparasites are highly variable across species and sys-
tems (reviewed in Press and Phoenix 2005). Press (1998)
proposed that the variation in effects of hemiparasites may
be due to differences in the relative influence of parasitism
and litter effects (Fig. 1). While several studies have
examined the impacts of hemiparasites (i.e. Callaway and
Pennings 1998; Quested et al. 2003b; Ameloot et al. 2005;
Quested et al. 2005), there has been less attention to how
parasitism and litter effects interact to impact community
structure and ecosystem function (e.g. Bardgett et al. 2006).

Traditionally, it has been assumed that hemiparasites
most substantially impact community structure and ecosys-
tem function through parasitism (Press et al. 1999; Shen
et al. 2006). Strong effects of parasitism have been often
found, particularly for short-lived species in high-resource
environments. For instance, in a meta-analysis of short-
term (1-2 years) sowing studies in grasslands, Ameloot
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Fig. 1 The two interacting pathways by which hemiparasites can
impact community structure and ecosystem function in an N-limited
system (solid arrows represent direct effects and dashed arrows repre-
sent indirect effects). Pathway I: parasitism can reduce host biomass.
Reductions in host biomass are often greater than increases in hemi-
parasite growth, as hemiparasites often have low nutrient use efficien-
cies leading to reduced community productivity. The reduction in host
plant biomass by the hemiparasite can increase community diversity
by allowing the expansion of non-host subordinate species. Pathway 2:
high-quality litter from hemiparasites can lead to accelerated decom-
position. Thus, hemiparasites can make resources more readily avail-
able to the plant community in vicinity of the hemiparasite. Litter
effects can increase primary productivity and reduce the effect of
parasitism on diversity as competition for N would be reduced

et al. (2005) found that annual hemiparasitic Rhinanthus
species reduce aboveground biomass of co-occurring spe-
cies by an average of 40% and total community above-
ground biomass (all species, including the parasite’s
biomass) by approximately 26%. In these cases, the para-
site biomass does not compensate for the biomass loss of
the co-occurring species likely because hemiparasites often
have low nutrient use efficiencies (Matthies 1995, 1997;
Marvier 1998; Ameloot etal. 2005; Shen et al. 20006).
Additionally, if the hemiparasite parasitizes particular host
species, the species-specific reduction in biomass can
change community diversity, either by allowing the expan-
sion of the subordinate species (if a competitive dominant
is parasitized) or further dominance (if the subordinants are
parasitized) (Gibson and Watkinson 1992; Davies et al.
1997; Callaway and Pennings 1998; Marvier 1998; Hedberg
et al. 2005; Westbury and Dunnett 2007). Thus, parasitism
can be predicted to negatively affect productivity and also
impact (either positively or negatively) diversity. We refer
to these effects as the “parasitism pathway” (Fig. 1).
Hemiparasites can also affect ecosystem function
through a second pathway: litter effects (Fig. 1). Hemipara-
site litter often has concentrations of foliar nutrients higher
than their hosts, typically being two- to fourfold greater for
N and P (Quested et al. 2003a). Their litter has been found
to decompose faster and release nutrients more rapidly than
litter of co-occurring species and to stimulate the decompo-
sition of more recalcitrant litters of co-occurring species
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(Quested et al. 2002, 2005). Thus, hemiparasites can facili-
tate the release of nutrients, potentially making more
resources available to co-occurring species in the vicinity
of the hemiparasite (Quested et al. 2003a). If production is
limited by these nutrients, litter effects via increased nutri-
ent availability, could compensate for the decrease in com-
munity productivity due to direct parasitism effects,
resulting in an increase in primary productivity (positive
net effects). The impact on diversity would also diminish,
as species-specific reduction in host biomass would be
smaller. Additionally, longer lived hemiparasites have the
potential for stronger litter effects as there is likely greater
long-term litter accumulation. Thus, via the litter pathway,
hemiparasites may have positive net effects on productivity
and weaker impacts on diversity. Litter effects have been
less studied, but we expect them to be most strong for long-
lived perennial hemiparasites in nutrient-poor systems
(Press 1998; Quested 2008).

Given these two pathways, the effects of hemiparasites
on productivity and diversity should depend on whether
hemiparasites more strongly reduce host growth (parasit-
ism) or enhance nutrient cycling (litter effects). Moreover,
the relative strength of the parasitism and litter pathways
may depend on the nutrient status of the system in which
they are found or the life span of the hemiparasite. Here we
focus on impacts of hemiparasitic Castilleja occidentalis
[Orobanchaceae; nomenclature follows Weber and Wittmann
(2001); all species referred to by genus hereafter] in dry
meadow alpine tundra. As it is a perennial, non-rhizoma-
tous, shallow-rooted hemiparasite (Weber and Wittmann
2001) in an N-limited system, we hypothesized that Casti-
lleja will be associated with weak effects on community
diversity and positive effects on biomass production due to
strong positive litter effects on decomposition and nutrient
cycling. We conducted field-based surveys to determine the
association of Castilleja with community diversity and pro-
ductivity. To test for litter effects, we conducted litter
decomposition trials with Castilleja, four abundant species,
and mixtures of species.

Materials and methods

This study was conducted on Niwot Ridge (40°03'N,
105°35'W) which is located in the Front Range of the
Colorado Rocky Mountains. Niwot Ridge has a short growing
season (approx 2-3 months) with a mean annual tempera-
ture of —3°C (6.4°C in the growing season) and an average
annual precipitation of 930 mm, with the majority of the
precipitation (94%) falling as snow (Greenland and Losleben
2001). Our study site was located at 3,550 m elevation in
a saddle between two small knolls in the dry meadow
tundra. Dry meadow tundra is characterized by relatively
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low nutrient and water availability with N limiting primary
productivity (Bowman et al. 1993).

While Castilleja species are widespread and abundant
(Chuang and Heckard 1991), their community and ecosys-
tem effects have not been well studied. Castilleja occiden-
talis is a long-lived herbaceous hemiparasite distributed
throughout the Rocky Mountain region of North America
(Weber and Wittmann 2001). While we were not able to
determine which species Castilleja was parasitizing from
field observations, it is thought that most Castilleja species
can parasitize a wide range of host species in this study
(D. Tank, Personal Communication).

To determine the relationships of Castilleja abundance
to diversity, aboveground production, and resource avail-
ability, fifteen 0.5-m* matched paired plots (30 plots total)
were set up within a 50-m? area. For each pair, one plot had
a higher abundance of Castilleja (+CAS plots), and a sec-
ond plot had low to no Castilleja (—CAS plots). Paired
plots were no more than 1.5 m apart; the exact distance
depended on the surrounding vegetation and topography.
Species presence and cover were estimated in each plot
using the point-intercept method with 50 points. For each
plot, richness, evenness, and Simpson’s diversity index
were calculated (excluding Castilleja from all calculations).
Plot designations did not change between 2006 and 2007;
no Castilleja individuals were seen in —CAS plots in 2007.

Aboveground biomass was measured in all 30 plots in
early August 2006 and 2007 by clipping all current year’s
vascular plants to ground level in one 10-cm x 10-cm sub-
plot within each plot. Biomass was then dried for 4 days at
55°C and weighed to the nearest 0.01 g. Then, to determine
foliar N and C, we ground and analyzed the plot biomass
samples for N and C content via gas combustion (Siegel
etal. 1982). In plots containing Castilleja, we assessed
foliar N of Castilleja separately from the non-Castilleja
biomass. In August 2007, belowground biomass was har-
vested by removing soil to a depth of 10 cm from the same
10-cm? subplot as the aboveground biomass harvest. Soil
was sieved to remove all coarse roots and the remaining
fine roots were extracted by water floatation to quantify
belowground biomass. In August 2006, two 10-cm-deep
soil cores were taken from the same location as each bio-
mass harvest, bulked, and sieved. Soil extractable inorganic
N was obtained from the bulked soil cores. Extracts of 2 M
KCl were analyzed colorimetrically for NO;~ and NH,*
with a flow injection autoanalyzer (Lachat Instruments,
Milwaukee, WI). For each bulked soil sample, gravimetric
soil moisture was determined by placing 10 g of field-
collected soil in aluminum tins and drying it at 80°C for
4 days to determine the dry soil mass.

To determine if Castilleja litter affects decomposition,
leaf litter from Castilleja and four abundant species—Geum
rossii (Rosaceae), Artemisia scopulorum (Asteraceae),

Carex scopulorum (Cyperaceae), and Kobresia myosuroides
(Cyperaceae)—was collected from a 1-km? area of Niwot
Ridge. Litter was air dried at room temperature for 1 week.
We constructed 209 litter bags (10 cm x 20 cm) from
1-mm fiberglass mesh. Four grams of litter were placed in
bags in the following treatments: each of the five species
alone, a two species mix of Castilleja with each of the four
non-hemiparasite species individually, a mix of the four
non-hemiparasite species together (community mix) and a
mix of all four non-hemiparasite species plus Castilleja (11
treatments total). Litter bags were placed on the soil surface
in areas without existing hemiparasites or N-fixers on 08
September 2006, 1 m apart, with two bags of the same fill
and collection date at each point. Litter bags were collected
at 5 times: 8 September 2006, 13 June 2007, 15 September
2007, 13 June 2008, and 12 August 2008. The first collec-
tion, on 8 September 2006, was to quantify any loss of
material from transport to and from the field. Litter bags
collected on 8 September 2006 were replicated 3 times and
the other four collection times were replicated 4 times.
After collection, litter bags were returned to the lab, the
remaining litter was weighed to determine mass loss, then
ground and analyzed for N loss via gas combustion (Siegel
etal. 1982). Observed mass loss was determined by
subtracting the fill weight at each collection time from the
initial fill mass, corrected for loss from transport (mass loss
on the 8 September collection). Observed N loss was
calculated as the difference between initial litter N (time
zero; litter dry weight x N concentration) and litter N for
each time point.

Statistical analyses

To determine the relationship of Castilleja to all diversity
measures (richness, evenness, and Simpson’s diversity) and
all measures of ecosystem function (inorganic soil N, soil
moisture, and biomass) we used a ¢ test with plot (+CAS or
—CAS) as a categorical variable. Simpson’s diversity and
evenness were log transformed to meet the assumptions of
normality. The relationship between biomass and soil mois-
ture was tested using a linear regression. Individual species
C:N, mass loss and N loss were compared at each time
point using a one-way ANOVA. The observed mass and N
losses were compared with expected values at each time
point using a ¢ test assuming that mixtures of litter decom-
pose the same as their components do alone for each treat-
ment. The expected values for a mixture were calculated as
[(Species A, + Species B ,.)/2] for a two species mix-
ture. We calculated the annual decay constant (k) using the
single negative exponential model (Harmon et al. 1999) for
both observed and expected mass loss for each replicate.
Average k for each treatment was then compared using a
t test. All statistics were preformed using JMP version 5.1.
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Results
Effects of Castilleja on community structure

At the community level, we found no significant difference
in richness (#] 53 = —0.69, P = 0.49), evenness (t; 3 = 0.67,
P=0.57) or Simpson’s diversity index (f,5=10.90,
P =0.38) between +CAS and —CAS plots. While we found
no difference in species composition between +CAS and
—CAS plots, we did find a small difference in species abun-
dance: Geum had lower cover in association with Castilleja
(123 =—2.16, P =0.04).

Effects of Castilleja on ecosystem function

In contrast to the minor impact on community structure,
aboveground biomass was almost twofold greater in associ-
ation with Castilleja (+CAS = 449 g/m?, —CAS 283 g/m?;
t1 08 = 4.45, P <0.001). The difference in aboveground bio-
mass was due to the production of Castilleja; 36% of the
biomass in the +CAS plots was Castilleja. Forb, grass, and
N-fixer biomass were all similar between +CAS and —CAS
plots. Shrubs were relatively rare in the study site, but it did
appear that Castilleja was associated with lower shrub bio-
mass; shrub biomass was 8.4 g/m2 (97%) lower in the
+CAS plots (7] ,4 = —2.00, P =0.05; Fig. 2). Additionally,
there was a trend toward greater belowground biomass in
the +CAS plots (+CAS =1,341 g/mz, —CAS 904 g/mz;
t1 28 = 2.04, P = 0.06; Fig. 2). Soil moisture was 25% lower
in association with Castilleja (t,,3=—2.34, P=0.03;
Fig. 3a), but this difference in soil moisture was not corre-
lated with total biomass in our plots (+* = 0.02, F 128 = 1.62,
P =0.21). Extractable soil inorganic N did not differ
between plots with Castilleja and the surrounding tundra
(NH,", 1,55 =021, P=0.83; NO;, 1,54 =0.36, P =0.72;
Fig. 3b). Lastly, Castilleja had a higher foliar N content
than all the other focal species (Fs 1, =56.31, P <0.0001)
and foliar N of the non-Castilleja vegetation was higher in
+CAS plots (t ,3 = —2.37 P = 0.04; Fig. 3¢).

Decomposition of Castilleja was generally faster than
the co-occurring species. Mass loss and k of Castilleja were
greater than the graminoid species (Carex, Kobresia) and
the community mix, but not for the other forb species
(Geum and Artemisia; Fig. 4a; Table 1). N loss was signifi-
cantly greater in Castilleja compared with all other species
at all time points (Fig. 4b).

Litter inputs of Castilleja had a variety of effects on
decomposition in mixtures. Mass loss rate was largely
unaffected by the presence of Castilleja litter. The observed
and expected kwas similar in all cases except the
Carex + Castilleja and the Community + Castilleja mixes
(Table 1), where the presence of Castilleja litter increased
decay rates compared with expected values (¢ 4= —2.32,
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Fig. 2 Mean (£SE) values of biomass in association with Castilleja
(+CAS) and the surrounding tundra (—CAS). Aboveground biomass
was almost twofold greater in +CAS than in —CAS. The difference in
aboveground biomass was due primarily to the production of Castilleja
(white bar); total biomass of the non-Castilleja portion of the commu-
nity (gray bar) did not differ between the two communities. Forb,
grass, and N-fixer biomass were all similar between +CAS and —CAS
plots; however, shrub biomass was lower in the +CAS plots. Further-
more, belowground biomass (indicated by negative numbers; hatched
bar) was marginally greater in the +CAS plots as compared to —CAS
plots. y-axis cut for viewing purposes. n = 15 for each treatment

P =0.06, and te= —2.79, P =0.03, respectively). N loss
was significantly slowed when Castilleja litter was mixed
with the other forb species (Geum and Artemisia) and sig-
nificantly accelerated when Castilleja litter was mixed with
the graminoid species (Carex, Kobresia), although the
effects varied over time (Fig. 5). Castilleja litter did not
affect N loss from the community mixture except for a mar-
ginal acceleration of loss at the 644-day point.

Discussion

Our results support the idea that litter effects of longer lived
hemiparasites in nutrient-poor systems may compensate for
the negative effects of parasitism on the host community by
increasing the amount of N available in the system. Casti-
lleja was associated with increased productivity in the
alpine tundra, a result consistent with other work on long-
lived hemiparasites in nutrient-poor systems. March and
Watson (2007) found that understory plant biomass
increased with increasing hemiparasitic mistletoe canopy
biomass in eucalypt forests. Additionally, Quested et al.
(2003b) found that subarctic seedlings grown in litter from
hemiparasitic Bartsia had 50% more biomass than seed-
lings grown with non-hemiparasite litter. While March and
Watson (2007) and Quested et al. (2003b) both found that
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Fig. 3 Resource measurements (mean + SE) in +CAS and —CAS.
Soil moisture (a) was significantly lower in association with Castilleja
as compared to the surrounding tundra. There was no difference in
b extractable inorganic N between +CAS plots and —CAS plots.

However, foliar C:N (¢) was lower in the non-Castilleja portion of the
+CAS community indicating more available inorganic N. For abbrevi-
ations, see Fig. 2. *P < 0.05; n = 15 for each treatment

Fig. 4 Direct litter effects. 90
ART .06 -
Mean (+SE) values for a % iCAR 008 1.0 ART
mass remaining and b %N loss % CAS < 0.05 _i 822
for each of the five species used Q 801 -v-GEU z v GEU
and the community mix which < ~©-KOB c:; 0.04 4-o-KOB
was composed of equal part of cg» 704 -O-MIX k= -O- MIX
all species except Castilleja. £ o 0.03
ART Artemisia scopulorum, g Z
CAR Carex scopulorum, CAS » 807 g’ 0.02 ~
Castilleja. occidentalis, GEU 3 -
Geum rossii, KOB Kobresia = 504 8 0.01 4
myosuroides, MIX community -
. Z 000 . Y . ,
mix {
40 T . . ) 0.01
0 200 400 600 800 Rl 200 400 600 800
Time (days) Time (days)
Table 1 Direct and litter mixing effects on mass loss In more nutrient-rich grassland systems, shorter lived
Species Observed Expected P value hemlp?lrasues have been found to red.uce prodlilctw?ty
(Marvier 1998; Bardgett et al. 2006) and increase diversity
k (mean) k(SE) k (mean) k (SE) (Ameloot et al. 2005; Bardgett et al. 2006) indicating the
Artemisia 0.034a 0.0010 importance of parasitism. For instance, Rhinanthus, the
Carex 0.020e  0.0007 most studied genus of hemip.arasites, are annual specie?s
Castilleja 0.033ab 0.0011 whose abundgnce is strongly influenced by stochastic cli-
Geum 0.032ab 00014 mate ﬂuc.tuatl(?ns (Ameloot et al. 2006). Due tg the large
Kobresia 0022e  0.0010 char.lges 11;1 hafzarlz.tliuqs a;l')ulndlance because of chmate1 ﬂgc-
Community mix 0.027 cd 0.0004 Fuatlons,ltﬁelie:1 18 1. ely ;‘tt elong-terlm2 a'ggr acccllmtllu atllon
Artemisia + Castilleja 0.034a 00017 0.034  0.0007 0.89 mn na_gl,if“t : ?,et?mgsﬂ( tmet O(th e“ll' i ), an trt“s tefs
sibili r litter c evelop. It is important to
Carex + Castillja 0.029cd 0.0014 0.024  0.0015 0.06 POssIbiity 1o etiects 1o oP portant
L note however, that Ameloot et al. (2008) found greater soil
Community mix + 0.030 be 0.0013 0.026 0.0010 0.03 Is i | .. hi 5 . d
Castilleja N p.oo .s in grasslands pa}rasmzed l?y Rhinanthus minor an
Geum + Castilleja 0.030be 0.0019 0.028  0.0022 0.56 a. significant decrease ~1n host biomass. However, these
Kobresia + Castillja  0.027cd 0.0010 0.028  0.0004 0.48 higher N pools would likely not compensate for the effects

Mean (£SE) and P values for the annual decay constant (k) for each
species, and both expected and observed values for mixtures with
Castilleja. Observed values for k were calculated using the single
negative exponential model. The expected values for a mixture were
calculated as [(Species A, + Species B,,.)/2] for a two species
mixture. Different letters represent significant differences (P < 0.05) in
observed decay

Bold values indicate significant or marginally significant P values

hemiparasites directly boost non-host productivity, our
work suggests that hemiparasites can potentially boost total
community productivity (both host and non-host).

of parasitism as this study was conducted in Western Euro-
pean grasslands, which are highly impacted by N deposi-
tion (Dentener et al. 2006) and the study site was likely not
N limited as a result of the N deposition (Ameloot et al.
2008).

Productivity in the alpine tundra where we conducted
this study is known to be N limited (Bowman et al. 1993),
and alpine species at our research site compete for N
(Song et al. 2006; Miller et al. 2007; Ashton et al. 2008).
Castilleja likely reduces competition for N in the dry
meadow by increasing the amount of available N via litter
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Fig. 5 Litter mixing effects on ART CAR
N loss. Mean (£SE) values for 50 - 50 -
percent N loss. a—e Observed A * B * *
%N loss (white symbols) of 40 1 i. 40+ } — 5;
mixtures of each of the four } il §
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with Castilleja compared to 20 | * 20 A
expected %N loss (black sym- o !
bols). Observed N loss was 10 10
calculated as the difference 2 P o I
between initial litter N (time @ 0 — . . r . 0¥ r r r .
zero; litter dry weight x N o 0 200 400 600 800 0 200 400 600 800
trati d litter N f S
concentra 101.1) and litter N for g GEU KOB MIX
each time point (times 1-4). The o
expected values for a mixture s S01C 501 D * 501 E .
were calculat.ed as [(Species 40| 401 % 401 G%
A ione + Species B )/2] for a «
two species mixture. For abbre- 30 A v 304 304
viations, see Fig. 4. *P < 0.05 vy ¥ - } %
between expected and observed 20 1 } v 201 20 7%
values; n = 4 for each treatments
at each time point 101 101 { 101
¥ /
0+ T T T 1 0 T T T 1 0 T T T 1
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
Time (days)

effects. While we did not find an increase in inorganic
N pools, we did find that litter N loss rates and the foliar N
concentrations of co-occurring species associated with
Castilleja were higher. Similarly, Quested et al. (2003b)
found that seedlings grown with litter from hemiparasitic
Bartsia had higher foliar N than seedlings grown with
non-hemiparasitic litter. Future research should examine
N cycling in more detail as soil cores are point measure-
ments that miss N dynamics over time. Castilleja likely
speeds up N cycling, increasing biomass production and
N content of co-occurring species through litter effects. In
some of the only other direct work on hemiparasites and
decomposition, Quested et al. (2002, 2005) found that lit-
ter of the hemiparasite Bartsia both decomposed more
rapidly than co-occurring species and accelerated the
decomposition of co-occurring species. We found similar
rapid decomposition in Castilleja, particularly in terms of
greater N loss. These results suggest that the rapid decom-
position of Castilleja litter is one direct mechanism of
compensation for the negative effects of parasitism by a
hemiparasite. We also found that Castilleja litter acceler-
ated the decomposition of co-occurring species, again
particularly on N loss, and that these effects were depen-
dant on the species mixed with Castilleja. These mixing
effects suggest a second mechanism of compensation for
the negative effects of parasitism by a hemiparasite. Our
results suggest that with these direct and mixing effects
Castilleja can release more available N to the system, thus
speeding the typically slow N cycle in the alpine tundra
and boosting productivity.
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Our results indicate that the direct effects of hemipara-
sites may be more important and widespread than the litter
mixing effects, which may be more constrained by the com-
munity in which the hemiparasite is found. While we found
little impact of hemiparasite litter on mass loss, but sub-
stantial impacts on N loss, Quested etal. (2002, 2005)
found that the hemiparasite Bartsia accelerated mass loss
and CO, efflux, but not N loss in litter mixtures. Addition-
ally, Quested et al. (2005) did not find litter effects in field
litter incubations. These differences may be due to the spe-
cies chosen. Quested et al. (2002, 2005) used shrubs whose
litter contains high levels of lignin, a compound associated
with slow decomposition (Melillo et al. 1982). These high
lignin levels may explain why Quested et al. (2002) found
slower than expected N loss. Where we did find significant
N loss, it was with graminoids, species that typically have
lower levels of lignin (Hobbie 1996). Similar to the typi-
cally slowly decomposing shrubs, both Arfemisia and
Geum contain compounds associated with slow decomposi-
tion. Geum produces phenolics (Steltzer and Bowman
1998) and Artemisia produces terpenes (Gibbs 1974), both
of which are associated with slow N cycling (White 1994;
Kraus et al. 2003; Bowman et al. 2004; Nierop et al. 2006;
Orwin et al. 2006).

While this work did not isolate the effects of parasitism
directly, several lines of evidence suggest that parasitism
was occurring in the study. We found that Geum was in
lower abundance with Castilleja. This lower abundance of
Geum might have been a weak signal of Castilleja parasit-
ism. Additionally, we assume Castilleja is acting as a parasite
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because the foliar N concentrations of Castilleja were
higher than in the surrounding community. Work on facul-
tative hemiparasites has shown that unattached hemipara-
sites tend to have similar or lower foliar N concentrations
than their potential host species (Seel and Press 1993).
Hemiparasite that are attached and parasitizing tend to have
higher foliar N concentrations due to their low nutrient use
efficiency (Matthies 1995; Matthies 1997; Marvier 1998;
Shen et al. 20006).

Lastly, it has been proposed that hemiparasites may
reduce soil moisture as a result of one of the mechanisms of
parasitism (Sala etal. 2001). Hemiparasites, once they
attach to a host plant, draw up nutrients and water from the
host xylem by maintaining high transpiration rates (Stewart
and Press 1990; Ehleringer and Marshall 1995). These high
transpiration rates and the associated increased water
uptake by the host plants could be responsible for the
reduction in soil moisture we found in association with
Castilleja. While the greater biomass associated with Casti-
lleja could also decrease soil moisture regardless of transpi-
ration rates, we found no relationship between biomass and
soil moisture. While our results are only correlative, this
mechanism by which hemiparasites can reduce soil mois-
ture and potentially affect ecosystem functioning should be
explored further.

Several studies have now assessed the impacts of hemi-
parasites on community structure (Davies etal. 1997;
Callaway and Pennings 1998; Marvier 1998; Hedberg et al.
2005; Westbury and Dunnett 2007) or ecosystem function
(Quested et al. 2002; Quested et al. 2003b; Quested et al.
2005; Ameloot et al. 2008). However, effects have been
variable and few studies have jointly assessed the impacts
of a hemiparasite on both community structure and ecosys-
tem function. We speculate that the net effect of hemipara-
sites on aboveground productivity and diversity should
depend on whether hemiparasites more strongly reduce
host growth (parasitism) or enhance nutrient cycling (litter
effects). In situations where there are stronger effects of par-
asitism, we propose that hemiparasites should increase
diversity of the non-host community and decrease host and
total community productivity. In contrast, if positive litter
effects on nutrient supply compensate for the reduction in
host biomass, we would expect minimal to no change
in diversity, minor effects on host biomass, and an increase
in the total biomass of the community. While short-lived
hemiparasites often have stronger impacts via parasitism
(Ameloot et al. 2005; Bardgett et al. 2006), our results and
those of Quested et al. (Quested et al. 2002, 2003b, 2005)
and March and Watson (2007) suggest that long-lived
hemiparasites have stronger impacts via litter effects. It is
important to note that our work is only associative; rather
than causing these patterns, Castilleja may “prefer” or sur-
vive better in patches with higher host biomass and higher

N availability. Future work with removal experiments and
work comparing the effects of short- and long-lived hemi-
parasites will provide a direct test of these ideas. As hemi-
parasites are ubiquitous and play strong roles in both
community structure and ecosystem function, understand-
ing the relative importance of these two pathways is crucial
to understanding how hemiparasites impact communities.
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