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Abstract The impact of a predator on its prey may de-
pend on the presence of other species in the community.
In particular, if predators are attracted to areas contain-
ing one prey species, another prey species may suffer
greater predation if it occurs in the same areas. If the
predator is omnivorous, this may occur even if one prey
species is an animal and the other is a plant. We investi-
gated the role of local dandelion densities on the impact
of the predator Coleomegilla maculata on pea aphids in
afafafields. At small spatial scales, increased dandelion
densities were associated with high C. maculata densi-
ties, presumably because these omnivorous ladybird bee-
tles aggregated to pollen resources. In turn, the high
C. maculata densities were associated with low aphid
densities, presumably because of increased predation.
We used |aboratory cages to simulate C. maculata forag-
ing in two adjacent patches of alfalfa, one with dandeli-
ons and one without. As in the field, the laboratory ex-
periment showed that C. maculata aggregated to alfalfa
interspersed with dandelions, which resulted in increased
predation on aphids on alfalfa. This study demonstrates
that a pollen-producing plant can indirectly decrease
nearby herbivore densities by attracting an omnivorous
predator.
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Introduction

Although predator-prey systems are generally discussed
as two strongly interacting species, many predator-prey
systems are influenced indirectly by other species in the
community. Indirect effects occur when the impact of
one species on a second depends on the presence of a
third species (Holt 1977; Abrams 19873,1987b; Strauss
1991). Indirect interactions arise through chains of direct
interactions with the additional organism or through the
third organism changing direct interactions between the
other species (Wootton 1994). A variety of indirect ef-
fects are possible depending on the third species in-
volved and how that species affects the others. Indirect
interactions resulting from the addition of predators can
facilitate predation in some cases (Soluk 1993; Kotler et
al. 1993; Losey and Denno 1998), while in other cases,
additional predators that prey on other predators or can-
nibalize their own species can act to decrease predation
(Rosenheim et al. 1993; Letourneau and Dyer 1998;
Schellhorn and Andow 1999). The addition of a prey
species can affect a predator's functional or numerical re-
sponse, resulting in increased or decreased predation on
the focal prey species (Murdoch 1969; Murdoch and Oa-
ten 1975; Holt 1977; Holt and Lawton 1994). In fact,
predator-mediated indirect effects between non-compet-
ing prey species can in principle result in any combina-
tion of positive, negative, or neutral interactions
(Abrams 1987a; Holt and Kotler 1987). Understanding
how additional organisms influence the behavior of pre-
dators or prey may be a useful approach for predicting
the consequences of indirect interactions on predator-
prey population dynamics (Holt and Kotler 1987; Huang
and Sih 1990; Losey and Denno 1998; Sih et al. 1998;
Schellhorn and Andow 1999).

In this paper, we present evidence for an indirect in-
teraction between the pea aphid, Acyrthosiphon pisum
(Harris) (Homoptera: Aphididag), and the common dan-
delion Taraxacum officinale (Weber) in afalfa fields.
Pea aphids do not feed on dandelions, so there is no di-
rect interaction between them. Nonetheless, there are at
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least two possible ways dandelions could have a negative
effect on aphid populations: indirectly through a nega-
tive effect on the aphids' host plant, afalfa, or indirectly
through a positive effect on the generalist ladybird beetle
Coleomegilla maculata (DeGeer) (Coleoptera: Cocci-
nellidae). Here, we test whether dandelions have a nega-
tive indirect impact on pea aphids by attracting C. ma-
culata into areas of high dandelion density. This type of
indirect interaction has previously been described as “ ap-
parent predation” (Holt 1977) or “indirect antagonism”
(Huang and Sih 1990).

Materials and methods
Study organisms

C. maculata is a native coccinellid beetle that is widely distributed
east of the Rocky Mountains in North America (Gordon 1985). It
is a polyphagous species known to feed on a broad range of aphid
species, pollen, nectar, lepidopteran eggs, and a variety of other
homopterans and immature insects (Smith 1960; Putnam 1964;
Hodek 1973; Mareida et al. 1992; Hodek and Honek 1996).

The pea aphid, A. pisum, is a Palearctic aphid species that was
first introduced into North America in the mid-19th century
(Clausen 1978). In Wisconsin, it is commonly found in alfalfa,
peas, and other agricultural legumes. In some areas it reaches lev-
els high enough to cause significant economic damage (Clausen
1978; Losey et a. 1997). Pea aphids are not known to feed on
dandelion plants or flowers.

The common dandelion is an apomictic, perennial weed that
blooms abundantly, producing large amounts of nectar and pollen
(Solbrig and Simpson 1974; Sheaffer and Wyse 1982). It com-
monly invades many agricultural fields, including fields of afalfa
Dandelions can compete with afalfa for light, water, potassium,
and phosphorus (Sheaffer and Wyse 1982; Mueller and Fick
1987). Weed competition may hinder growth, development, and
quality, especially in afalfa seedlings. However, dandelion control
has not been shown to consistently increase total alfalfa yield or
quality (Sheaffer and Wyse 1982; Mueller and Fick 1987).

Alfafa, as a perennial legume, provides a more stable environ-
ment for roots and belowground organisms; however, in Wiscon-
sin afafais cut and harvested two to three times per growing sea-
son causing an almost complete removal of aboveground vegeta-
tion. This management scheme presents an excellent environment
for plants and insects that can withstand aboveground disturbances
such as cutting, or can quickly reinvade from nearby habitats after
cutting. All fields in this study were surveyed before the first cut-
ting of the growing season.

The known direct interactions among the four study organisms
are reflected in a community diagram (Fig. 1). Drawing the direct
interactions among species in the system allows us to predict the
possible indirect interactions between species.

Field observations

To determine associations between population densities of C. ma-
culata, pea aphids, and dandelions, 12 alfalfa fields with varying
dandelion densities were sampled at the University of Wisconsin
Arlington Research Station, Arlington, Wisconsin, United States.
Three parallel transects were created in each field. The transects
were 10 m apart, and each contained seven 2 mx2 m quadrats
spaced every 10 m. The transects were placed to sample a gradient
of naturally occurring dandelion densities within fields. Transects
were at least 10 m from the edge of the field to minimize any pos-
sible edge effects. In each quadrat the number of dandelion flow-
ers was counted visually, the number of C. maculata was assessed
by a visua search followed by sweep-netting the entire quadrat
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Fig. 1 Community diagram of the study organisms. Positive ef-
fects of one organism on another are denoted by lines with arrows;
negative effects by lines with circles (Levins 1973)

(with 33-cm-diameter sweep nets), and the number of pea aphids
was quantified by sweep-netting.

We analyzed the data to determine whether the local density of
dandelions (within quadrats) affected the abundances of C. macul-
ata and pea aphids. Because many quadrats contained low numbers
of C. maculata and pea aphids (including zero), we used Poisson
regression (SAS Institute 1990, pp. 1168-1175). Unlike ordinary
least-squares regression, which assumes that errors are normally
distributed, Poisson regression assumes that the errors are Poisson
distributed, thereby explicitly accounting for the variability associ-
ated with small numbers. Among the 12 fields, the ranges in mean
dandelion, C. maculata, and pea aphid numbers per quadrat were
0.33-39.5, 0.048-1.10, and 0.29-6.33, respectively. Because we
were interested in the effect of local dandelion density on C. ma-
culata, and pea aphid numbers, rather than differences among
fields, we removed among-field differences in the analysis by in-
cluding categorical variables for a fixed effect of field identity on
C. maculata and pea aphid numbers. Therefore, the analyses identi-
fy relationships between dandelion number (independent variable)
and either C. maculata or pea aphid numbers (dependent variables)
within fields. Poisson regression involves maximum likelihood es-
timation, and statistical inference is based on asymptotic 95% con-
fidence intervals for the parameter estimates. If the confidence in-
tervals do not include zero, then the parameters are statistically sig-
nificantly different from zero (P<0.05).

To test for an association between C. maculata and pea aphid
numbers within quadrats, we used Spearman's rank correlation
(Sokal and Rohlf 1981). In the analyses for the effects of dandeli-
on density on C. maculata and pea aphid numbers that use Poisson
regression, we used dandelion density as an independent variable
because it is not effected by either C. maculata or pea aphid num-
bers. In contrast, C. maculata and pea aphid numbers may affect
each other if C. maculata are attracted to pea aphids and pea
aphids are consumed by C. maculata. Therefore, correlation, rath-
er than regression, is the appropriate tool to determine the relation-
ship between C. maculata and pea aphid numbers.

Laboratory cage experiment

A laboratory cage experiment was conducted to determine (1)
whether dandelions influenced aphids through predation by C. ma-
culata, and (2) how the presence of dandelions influenced the for-
aging behavior of C. maculata. In 2x1x1 m mesh cages we simu-
lated two adjacent patches of afalfa, one with dandelions and one
without. On one side of each cage, 12 afafa stems were alternat-
ed with 12 dandelion flowers placed in vials. On the opposite side,
12 dfafa stems were aternated with 12 control vials. The side of
the cage with alfalfa and dandelions was first determined by a coin
toss and was thereafter alternated between each side. Alfalfa and



dandelion stems were cut and placed in 7x2.5 cm clear plastic vi-
alsfilled with tap water. A plastic lid with a hole for the stem cov-
ered the opening of the vial, and plastocine was placed around the
stem to seal the vial. Alfalfa stems were cut so that 1525 cm of
alfalfawas above the lid, and dandelion stems were cut so that on-
ly the flower was above the vial. The vias were fixed onto the
center of small plastic dishes that contained fluon (a slippery sub-
stance) on the inside edges. The fluon ensured that any aphids that
dropped from the alfalfa could only climb back up the alfalfa or
remain in the dish. Control vials were prepared the same manner
as those containing alfalfa and dandelions, but without any vegeta-
tion.

All afalfa stems were inoculated with ten apterous adult pea
aphids that were reared from a laboratory colony on fava beans.
Neither the dandelion nor control vials contained any aphids. In-
creased plant density has been found to reduce the foraging rates
of C. maculata (Risch et al. 1982), so to minimize the possibly ex-
traneous effects of plant density or surface area, we spaced vias
evenly on both sides of the cage and cut dandelions so that only
the flower head was accessible.

C. maculata adults were collected from afalfa fields and kept
in the laboratory less than 1 week before the experiment. They
were satiated and then starved for 24 h to maximize foraging ac-
tivity (Frazer and Gill 1981), and then eight were released in the
middle of each cage and allowed to forage for 11 h. Every 30 min,
the location of each coccinellid was recorded. We identified C.
maculata location using three categories. The “afalfa only” cate-
gory included beetles on the dishes, afalfa, or cage screen up to
the height of the alfalfa on the side of the cage without dandelions.
Similarly, the “dandelion and alfalfa’ category included beetles on
the other side of the cage that were on dandelions, alfalfa, dishes,
or the cage screen up to the height of the alfalfa. We also created
an “off” category for beetles that were on the cage either above the
height of the alfalfa or in the middle of the cage between the two
sides. At the end of the experiment, the number of aphids con-
sumed was determined by subtracting the number of aphids re-
maining on the afalfa or in the dish from the ten original aphids.
We replicated the experiment ten times. Data comparing C. macul-
ata predation on aphids, predation rate per unit time, and time
spent on a side were analyzed using paired t-tests.

Results
Field observations

The results of a Poisson regression model showed that
there was a significant positive correlation between the
number of dandelion flowers per quadrat and the number
of C. maculata per quadrat (Table 1, Fig. 2). There was

Table 1 Poisson regression model for number of Coleomegilla
maculata per quadrat
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also a significant negative correlation between the num-
ber of dandelion flowers per quadrat and the number of
aphids per quadrat (Table 2, Fig. 3). The number of C.
maculata per quadrat was negatively correlated with the

C. maculata
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Fig. 2 The number of Coleomegilla maculata per plot versus the
number of dandelions per plot for each of the fields sampled
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Fig. 3 The number of pea aphids per plot versus the number of
dandelions per plot for each of the fields sampled

Table 2 Poisson regression model for number of aphids per quad-
rat

Source df SS Source df SS

Regression 13 67.00 Regression 13 447.00

Residual 239 233.06 Residual 239 482.40

Uncorrected total 252 300.06 Uncorrected total 252 929.40

Parameter Estimate SE 95% Confidence Parameter Estimate SE 95% Confidence
interval interval

Intercept -3.053 1.000 -5.02 -1.08 Intercept -0.093 0.229 -0.545 -0.359

Dandelion 0.025 0.005 0.0157  0.0337 Dandelion -0.020 0.005 -0.029 -0.011

Fielda -0.27t02.11 Fielda 0.35-1.00

a“Field” represents 11 categorical variables to distinguish among
the 12 fields in the study. Because the focus of the analysisis on
the effect of dandelion abundance, the separate coefficients for
each field are not presented

@ Field” represents 11 categorical variables to distinguish among
the 12 fields in the study. Because the focus of the analysisis on
the effect of dandelion abundance, the separate coefficients for
each field are not presented
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Fig. 4 The number of C. maculata per plot versus the number of
pea aphids per plot over al sampled fields. Data points are
weighted to show the number of times they occurred, and the
smallest dot represents a single data point (n=252)
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Fig. 5 Number of beetles observed on each side of the laboratory
cages through time averaged over al 10 replicate cages

number of aphids (Spearman rank correlation, r =—0.161,
n=252, P=0.010, Fig. 4).

Laboratory experiments

The average number of aphids consumed on the alfalfa-
only side of a cage (12.30+1.58, mean+SE) was signifi-
cantly less than the average number of aphids consumed
on the side with dandelions and afalfa (25.00+3.62)
(two-tailed paired t-test, n=10, P=0.004). From the ob-
servation data, we approximated the total time beetles
spent on each side of the cage. We assumed that one ob-
servation of a beetle on a side represented 0.5 beetle-
hours on that side. The total beetle-hours per side were
summed to calculate the approximate amount of time C.
maculata spent on each side. Overall, the time spent on
the afalfa-only side (11.68+3.36 h) was significantly
less than the time spent per beetle on the dandelion side

(22.96+1.76 h) (two-tailed paired t-test, n=10, P=0.048).
To obtain a measure of predation efficiency, the number
of aphids eaten per beetle was divided by the time spent
per beetle for each side in each cage. The average num-
ber of aphids eaten per beetle per hour was greater on the
afalfaonly side (4.86+2.39 aphids eaten h-1) than on the
dandelion plus alfalfa side (2.08+1.02 aphids eaten h-1),
though the results were not statistically significant (two-
tailed paired t-test, n=10, P=0.097).

Observational data showed a change in beetle location
over time (Fig. 5). During the first 5 h of the experiment,
there was little difference between the amount of time all
eight beetles in a cage spent on the alfalfa only side
(4.05+1.06 h) compared to the time spent on the dandeli-
on side (5.40+0.79 h) (two-tailed paired t-test, n=10,
P=0.228). After 5 h the average time all beetlesin a cage
spent on the afalfa only side (7.4+2.52 h) was less than
the time spent on the dandelion side (16.25+1.85 h)
(two-tailed paired t-test, n=10, P=0.035), and in eight of
the ten replications more time was spent on the dandeli-
on side than on the alfalfa only side (sign-test, n=10,
P=0.109).

Discussion

Our field observations revealed a negative relationship
between the density of dandelion flowers in a patch and
the number of aphids. One of the possible explanations
for thisis an indirect interaction through the predator, C.
maculata. This explanation has two components. First,
dandelions must have a positive effect on C. maculata
density within patches. Our field observations showed a
positive relationship between the density of dandelion
flowers in a patch of alfalfa and the density of C. macul-
ata. Second, there must be a negative correlation be-
tween the density of C. maculata and the density of
aphids. Our field observations supported this relationship
as well. Therefore, we have field evidence to support the
possibility of an indirect interaction between dandelions
and pea aphids through C. maculata.

While our field observations suggest that dandelions
could be promoting C. maculata predation on aphids, it
does not rule out other potential mechanisms that could
be facilitating the negative relationship between dandeli-
on and pea aphid densities. Our laboratory experiment
tested whether the presence of dandelions could reduce
aphid numbers exclusively by increasing C. maculata
predation. The results showed that aphids on alfalfa in-
termixed with dandelions suffered twice as much preda-
tion of aphids on afafa intermixed with control dishes.
This demonstrates that increased predation by C. macul-
ata caused by the presence of dandelions has the poten-
tial to explain the patterns we observed in the field. This
does not exclude the possibility of other mechanisms ex-
plaining the field observations. For example, dandelions
could have a negative impact on afalfa through competi-
tion which then discourages aphid immigration or popu-
lation growth. The magnitude of the effect in the cage



experiment, however, appears to be sufficient to explain
the field observation in the absence of other mecha
nisms.

The final objective of our study was to determine how
dandelions might be influencing C. maculata behavior to
promote aphid predation. Dandelions could lead to in-
creased predation on aphids in two ways:. by causing in-
creased predator efficiency in dandelion patches, or by
influencing the number of C. maculata through increased
immigration or increased tenure time within patches with
dandelions. In the laboratory experiment, dandelions
could be influencing the foraging of C. maculata as mea-
sured by the number of aphids eaten per unit of foraging
time. Structural complexity within plants (Elsey 1974,
Quilici and Iperti 1986; Kareiva and Sahakian 1990) and
between plants (Risch et al. 1982) can influence the for-
aging behavior of predators, making it easier or harder
for them to find prey in particular habitats. Our results,
however, do not suggest that individual beetles forage
more efficiently for aphids in the side with dandelions
compared to the side without dandelions. In fact, the av-
erage number of aphids eaten per time spent foraging is
dlightly lower in the side with dandelions compared to
the side without. This is the opposite of what would be
needed to explain the observed difference in total preda-
tion.

Although predation efficiency was lower in the pres-
ence of dandelions, overall predation was higher in the
presence of dandelions; the increased time beetles spent
in the presence of dandelions compensated for and ex-
ceeded the effect of reduced predation efficiency. Pref-
erential immigration to the dandelion side could explain
the higher beetle numbers on that side; however, there
was no significant difference in the number of beetles
that moved to either alfalfa patch during the initial peri-
od of the experiments. This suggests that neither side is
initially more attractive to the beetles, and therefore
preferential immigration is not a principal mechanism
for increased beetle densities in the presence of dandeli-
ons.

After 5 h the number of beetles found on both sides of
the cage increased, with the increase on the side with
dandelions being greater than on the side without dande-
lions. Since there was no difference in accumulation at
the beginning of the experiment, we suspect that dandeli-
ons influence C. maculata behavior primarily through an
increase in local tenure time. This shift in behavior after
5 h could have been influenced by a variety of behavior-
al or methodological factors. There is evidence for peri-
odicity in the foraging of some coccinellid species
(Nakamuta 1987), and changes in hunger level have also
been found to affect foraging behavior (Frazer and Gill
1981; Carter and Dixon 1982; Quilici and Iperti 1986).
Additionally, individuals could have been influenced by
an accumulation of experience. Numerous studies have
shown a positive correlation between the numbers of C.
maculata and food resources (Ewert and Chiang 1966;
Radcliffe et a. 1976; Wright and Laing 1980; Andow
and Risch 1985; Gross et al. 1985; Arpaiaet al. 1997). In
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our cages, the assemblage of pollen and aphids may act
to accumulate beetles more effectively on the side with
dandelions than on the side without. Holt (1984; Holt
and Kotler 1987) has previously predicted that this type
of short-term, local, numerical response to an increase in
prey density can lead to “apparent competition” between
prey species within a patch.

The “enemies hypothesis’ states that natural enemies
should be more effective in more vegetationally diverse
ecosystems (Root 1973). While some studies have sup-
ported this idea, there have been a number of counter-ex-
amples and inconsistencies which make it difficult to
predict the effects of increased vegetation diversity in a
given system (reviewed by Andow 1991). The increased
availability of nectar and pollen sources is one of the
possible mechanisms for increased herbivore control by
natural enemies in more vegetationally complex habitats
(Root 1973; reviewed by Russell 1989). Pollen as an in-
dividual food item is suitable for C. maculata develop-
ment and may help facilitate egg development (Smith
1960; Hemptinne and Desprets 1986). Therefore, habi-
tats with pollen could theoretically lower coccinellid
mortality and increase reproduction, leading to a greater
potential for herbivore control across multiple genera-
tions. Thus, the presence of dandelions or other pollen
sources could not only cause local increases in predation
on aphids (as demonstrated in this study), but could also
increase the production of coccinellids from one genera-
tion to the next.
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