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MULTIPLE INDIRECT EFFECTS OF PLANT LITTER
AFFECT THE ESTABLISHMENT OF WOODY SEEDLINGS
IN OLD FIELDS!
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Abstract. | studied the effects of oak leaf litter, herb competition, and insect herbivory
on the establishment of seedlings of Ailanthus altissima in New Jersey, USA. I performed
two experiments in an early-successional site in two consecutive years. In the first exper-
iment I tested the effects of litter and competition, and their interaction, on establishment
and growth of tree seedlings. In the second experiment I studied the effect of insecticide
application in combination with litter and herb competition on seedling establishment and
growth, and on arthropod abundance. In the absence of competition, litter had no significant
effect on the bhiomass of woody seedlings, though it delayed seedling emergence. Herb
competition reduced the growth of the woody seedlings, but the addition of leaf litter
reduced the density and biomass of the herbs, indirectly improving the growth of the woody
seedlings. Litter increased both invertebrate damage to seedling cotvledons and seedling
mortality. The application of insecticide increased seedling emergence and reduced seedling
mortality, and more so in the presence of litter. The total number of arthropods and the
number of plant-chewing arthropods were increased by the addition of litter and reduced
by application of insecticide. Thus, litter had, simultaneously, a positive indirect effect on
individual biomass through reduced competition, and a negative indirect effect on the
number of individuals through increased seed and/or seedling predation, and a negative
direct effect on seedling mortality.

Key words:  Ailanthus altissima; arthrapods; Eastern deciduous forests; effects of plant litter; herb
campetition; heybivores, indirect effects, insects; invasive species. old fields; succession; tree establishment.

INTRODUCTION

In the past few decades community ecologists have
argued about whether competition or predation is the
main interaction shaping community structure (see,
e.g., Hairston et al. 1960, Connell 1983, Schoener 1983,
Hairston 1989). This discussion not only disregards
other interactions such as parasitism, symbiosis, etc.,
but is also biased by the assumption of the prevalence
of one single interaction acting independently from other
interactions. Herbivory, for example, may alter the
outcome of competition (Bentley and Whittaker 1979,
Lubchenco 1986, Louda et al. 1990), and competition
may affect the susceptibility to herbivore attack (Dirzo
1986). To understand the role of biotic interactions in
shaping communities it is necessary to include both
direct and indirect effects integrated in an interaction
web, Interaction webs differ from food -webs in that the
former also include the non-trophic relationships with-
in and between trophic levels. Several studies have
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established the importance of indirect effects in the
arganization of various animal communities (e.g., Wil-
bur 1972, Morin 1981, Roughgarden and Diamond
1986). Far fewer studies focus on the importance of
indirect effects in plant-plant or plant-herbivore sys-
tems (but see Bergelson 19904). It is possible that in-
direct effects have been frequently confounded with
direct effects in poorly designed experiments {(e.g., ap-
parent competition, Connell 1990).

The importance of both competition and herbivory
in old-field communities is well established. Several
experiments have documented strong effects of com-
petition in herb-dominated old fields (see Hairston
[1989] for a review). Herbivares in seral communities
are usually reported to consume only a small propor-
tion of the productivity (e.g., Odum 1960). However,
exclusion of herbivores in old-field communities pro-
duces important changes in community structure and
population dynamics (e.g., Brown [985, Brown et al.
[987).

Recent research has pointed out the importance of
direct and indirect effects of plant litter on the dynam-
ics of plant communities (Grime 1979, Bergelson 19904,
b, Carson and Peterson 1990, Facelli and Pickert 19914;
see Facelli and Pickett [19915] for a review). Direct
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and indirect effects produced by litter are conceptually
interesting because the effect is produced by the activity
of another population separated by time (Bergelson
19904, b, Facelli and Pickett 1991¢, Facelli and Facelli
1993} and, frequently, by space {Facelli and Carson
1991, Facelli and Pickett 19914). C. R. Cid (unpub-
lished manuscript) found that the competitive outcome
between annual and perennial forest herbs was con-
trolled by the presence of tree leaf litter. Grime (1979)
suggested that tree leaf litter that accumulated close to
old-field—forest borders could improve woody seedling
establishment because litter could reduce the compet-
itive effect of the herbs. Facelli and Pickett (1991¢)
found that the presence of oak leaf litter reduced the
competitive effect of herbs on seedlings of Ailanthus
altissima in a greenhouse experiment.

I report here the results of two field experiments
performed in consecutive years to study how oak leaf
litter, competing herbs, and invertebrate herbivores,
acting alone and in combination, affect the establish-
ment of tree seedlings in a Lst-yr old field. The first
experiment was designed specifically to test in the field
the prediction that the presence of litter should have
an indirect positive effect on woody seedlings’ growth
(Grime 1979, Facelli and Pickett 1991¢). The second
experiment, based on observations and results from
the previous one, was mainly designed to study the
effect of litter on arthropod activity and the effect of
herbivore arthropods on seedling establishment. The
factorial designs employed allowed me to assess the
importance of direct {main effects in the ANOVA) and
indirect (interaction term) effects of the factors under
study.

MATERIALS AND METHODS
Experimental system

The study was conducted at William L. Hutcheson
Memaorial Forest Center (HMF), East Millstone, New
Jersey, USA (40°30' N, 74°34' W). The climate of the
region is subcontinental, with a mean annual precipi-
tation of 1120 mm evenly distributed throughout the
vear. Mean monthly temperatures range from 0.0°C in
January to 24°Cin July {(United States Weather Bureau
1959Y; the growing season extends from 20 March to
20 November (Robichaud and Buell 1973). The soils

are well-drained silty loam, derived from the Triassic -

red shales of the Brunswick Formation, included in the
Penn B Silt Loam. Series (USDA 1976).

Qld fields at HMF are small (>1-3 ha), with a rel-
atively large proportion of their perimeter bordered by
hedgerows or woodlots of various ages. When subject
to disturbance in the spring, as was the site studied,
Seravia faberii (nomenclature follows Gleason and
Cronquist 1963) dominates the community, and So-
lanum carolinense and Panicum dichotomiflorum are
subdominants (Facelli and Pickett 1991&). Litter dis-
uwibution is heterogeneous in those old fields because
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of heterogeneous litter production and patchy depo-
sition of tree leaf litter blown by wind from nearby
woodlots (Facelli and Carson 1991).

The experimental site was located in an old field that
was cultivated until 1985, when it was left fallow. The
experiments reported here were performed in two ad-
jacent portions of the same old field that had been
previously used to study the effect of different types of
litter on herb communities {Facelli and Pickett 199 [a).

The target species in both experiments was A danthius
altissima (henceforth mentioned only by its geous
name), Ailanthus (Simaroubaceae) is an exotic, fast-
growing, early woody colonist. It is found widely in
forests and old fields throughout most of North Amer-
ica. In many areas Ailanfhus is very abundant and can
be considered naturalized. T selected it as the target
species mainly because it is one of the first trees to
successfully colonize old fields in the area (Facelli and
Pickett 1991¢; J. M. Facelli, personal ohservation).

Experiment 1989: effects of litter and
competition

The experiment began on 4 June 1989, 5 d after the
experimental area was tilled. This factonal experiment
had two levels of herb competition (naturally growing
herbs left intact or removed by hand) and two of litter
(litter absent or oak leaf litter added at 150 g/m?). The
experimental addition of oak leaf litter simulated the
patches formed by litter deposited in old fields by bor-
dering woodlots (Facelli and Carson 1991). Each of the
four possible factor combinations was replicated 10
times in a random 8 » 5 plot grid. Each plot was 1 m
» 60 ¢m, and vegetation was cleared from the 1-m
buffer strips between plots. In each of the plots [ added
10 seeds of Ailanthus, to secure a reasonable number
of seedlings emerging. A few naturally dispersed seeds
were probably also present {see Facelli and Pickett
1991¢). The seeds were locally collected during the
previous fall and stored in a cold room at 4°C during
the winter and early spring. Germination in the laba-
ratory was 87 £ 6.78% {mean £ 1 sg). I used leaf litter

- of Quercus alba, collected from local woodlots at the

beginning of the growing season. The material was air-
dried, cleaned of extraneous material and partially de-
composed leaves, and weighed into the amounts to be
applied to each plot. All plots were covered with chick-
en wire (§ cm diameter openings) to prevent wind from
remaving the oak leaves. The chicken wire formed a
cage, 53 cm high, that did not compress the litter. In
the plots without competition all the herbs emerging
were clipped at surface level, taking special care to
minimize any physical disturbance. I began to remove
the herbs on 12 June, and continued to do so roughly
every week throughount the season. I also severed hor-
izontal root connections from ontside the plots by driv-
ing a spade 30 e into the ground around the perimeter
of each plot.

I counted the seedlings of Ailanthus approximately
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every 6 d from 18 June to 22 July, and on 22 August
and 15 September. On each date I marked all newly
emerged seedlings with color-coded toathpicks and re-
cotrded the number of dead (missing) seedlings. To re-
duce possible biases due to the different visibility of
seedlings in the plots with and without litter, I consid-
ered a seedling “emerged” when iis cotyledons were
fully expanded. This is the stage when seedlings start
te depend mostly on acquired resources rather than on
seed reserves. On 30 June 1989, because I had observed
that damage produced by herbiveres on the cotyledons
of the Ailanthus seedlings seemed to be increased by
the presence of oak leaf litter, I estimated the per-
centage of the cotyledons (using 5% intervals) missing
in each seedling.

On 15 September 1989 I harvested all the plots, T
first clipped all aerial biomass of herbs, and then col-
lected the seedlings of Aidanthus by gently removing
the soil and pulling them by the base of the stem, thus
retrieving as much root as possible. The herbs were
sorted into grasses and dicots, and the woody seedlings
were sorted into leaves, stem, and roots. All material
was oven-dried for 48 h at 84°C, and weighed.

Experiment 1990: effect of litter on
competition and hevbivory

In the second experiment I manipulated three fac-
tors: herb competition {as in 1989), presence of oak
leaf litter (as in 1989), and activity of invertebrates
(present at natural densities, or reduced by application
of insecticide). Each of the eight treatment combina-
tions was replicated once in each of four blocks. Each
plot was 1 m x 80 cm, separated by 1-m buffer strips
cleared of vegetation. Twenty seeds of Ailanthus per
plot were added.

I started the experiment on 30 May 1990, 3 d after
having tilled the soil. I placed 20 seeds of Aifanthus in
a square {side = 50 cm) at the center of each plot. The
insecticide treatment consisted of the application of
Carbaril dust 5%, which was selected because of its
high persistence and wide-action spectrum. In all the
plots that received insecticide, the soil was dusted with
5 g of active principle per square metre after the soil
was tilled. This is the application recommended by the
manufacturer for generalist herbivores, Plots were cov-
ered with chicken wire mesh as described for the 1989
experiment. Prior to manipulating the experimental
factars I placed two pitfall traps in each plot, each 10
cm away from the 50-cm central square, in the direc-
tien of the longest axis of the plot. Pitfall traps mostly
sample activity of large invertebrates living at the soil
surface and in the litter mat (Southwood 1979} and are
likely to efficiently trap seed and seedling predators.
Each pitfall trap consisted of a plastic cup (8.5 cm in
diameter, 12 em in depth) buried into the ground to
its rim, with a plastic funnel attached on the top to
prevent insects from escaping from the traps. The traps
were covered with a plastic lid at the beginning of the
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experiment and continued so until 14 August, On that
date I removed the lids and placed into each trap a
plastic container filled with soapy water to retain the
invertebrates falling into the trap. The traps remained
apen for 24 h. The catches of the twao traps in each
plot were pooled together and preserved in ethyl acetate
until identification. I only counted invertebrates >2
mm in length. The most frequent species (those found
in at least 50% of the plots) were identified, at least to
family. The rest were identified to higher taxa: order
for insects, and class for other invertebrates. I also
computed the total number of plant-chewing inverte-
brates, because they were the most likely to inflict the
damage and mortality I observed in the Ailanrhus seed-
lings (see Resudts).

[ counted and marked the 4ilanthus seedlings on 10
June, 20 June, 2 July, 15 July, 31 July, 30 August, 11
September, and 17 September. On the last date I har-
vested the plots to assess biomass of herbs and woody
seedlings. Because I had observed some apparent toxic
effects of the insecticide on the woody seedlings early
in the experiment, I only harvested the plots that did
not receive insecticide. The harvest procedures were
identical to those detailed for the 1989 experiment,

Statistical analyses

I tested the effects of all the factors and their inter-
actions on cumulative seedling emergence, and number
of seedlings surviving at the end of the experiment by
analysis of variance (SAS Institute 1985}, The counts
of seedlings per plot were transformed to {count +
0.5)~ 2. Mean days to emergence was also analyzed by
ANOQVA after arcsine transformation. The effect of the
treatments on cotyledon damage in the first experiment
was tested by a two-way ANOVA on the arcsine-trans-
formed data. To assess the effects of the treatments on
woody seedling mertality, [ used & tests of goodness
of fitan the percentage of accumulated dead seedlings,
and G tests of independence to assess the existence of
interactions among the effects of the factors studied.
For the 1990 experiment, and based on the visual ob-
servation of data, I assumed that no three-way inter-
action existed, and tested only for two-way interac-
tions.

I analyzed the treatment effects on individual bio-
mass of the woody seedlings by ANOVA. [ used as an
independent variable the average biomass of all 4ilan-
thus seedlings in each plot. This procedure avoids in-
flated degrees of freedom for the experimental error
(Hairston 1989). Log transformation of the biomass
values increased normality and achieved variance ho-
mogeneity. Though litter significantly delayed the
emergence of woody seedlings, the inclusion in the
model of the age of the seedling as a covariate was not
appropriate due to the different responses of seedling
biomass to age observed in the different treatments. I
used ANOVAs to assess how the presence of litter
affected the performance of the competing herbs. I an-
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Tapte |. ANOVA for arcsine-transformed values of cu-
mulative number of emerged seedlings of Ailanthus in the
1989 and 1990 experiments {10 and 4 replications per treat-
ment combination respectively). L = litter present, C =
competition from herbs, I = insecticide used.

Source of
variation df F P
1989 experiment
L 1 7.71 0.009%*
C 1 0.01 (0.925ns
LxC 1 3.53 0.686M%
1990 experiment
Block 3 1.25 0.289ms
L 1 8.43 (.00 7%=
C I .14 Q.7713ns
I 1 7.76 0.010*
LxC 1 0.16 0.6918s
LxI 1 0.02 0.894N%
I xC 1 0.01 0.917w
LxCxIl L 0.19 0.699™s

JOSE M, FACELLI

* P < (0,05, * P < 001, Ns = nonsignificant.

alyzed herb density (as [count + 0.5]7%?) of grasses
(mastly Seraria faberit) and herbaceous dicots, and to-
tal aerial biomass {after log transformation} in the com-
petition treatments (the only treatments containing any
herbs).

I analyzed the effects of litter, competition, insecti-
cide, and their interactions on the total number of ar-
thropods and cn the abundance of plant-chewing ar-
threpods, applying ANOVAs to the number of
individuals per plot transformed as {count + 0.5}~ 2.
I also analyzed the treatment effects on those taxa that
were found in at least half the plots: crickets (Grifius
pennsylvanicus), adult ground beetles (Calosoma sp.,
Carabidae), larvae of ground beetles (prabably also
Calosoma spp.), ants (Formicidae), spiders, millipedes,
and Orthoptera other than crickets. Because of the lack
of normality in the data, I used Kruskal-Wallis tests,
using each factor combination as a treatment. [ cal-
culated an approximate F using an ANOVA on the
ranks obtained by the RANK procedure (SAS Institute
1985). This approximation is more reliable than the
chi square approximation obtained by alternative pro-
cedures (SAS Institute 1985). Because of the non-in-
dependence of the tests, I corrected the estimated al-
phas by Bonferroni’s correction for 2= 7 comparisons.

REesurTs
Seediing emergence and survivorship

In both years litter significantly reduced the cumu-
lative number of emerged seedlings (Table 1, Fig. 1}
and delaved their emergence (from 18.2 to 35.7 d to
mean emergence day in 1989, and from 12.5 to 24.3
d in 1990; ANOVAs, P < 0.01). The number of seed-
lings of Ailanthus per plot at the end of the experiments
was lower in the treatments with litter {ANOVA, P <
0.01), partially because of higher mortality in those
plots (Fig. 1, ¢ test of homogeneity, df = 3, P < 0.01).

Ecology, Vol. 75, No.

The effect of litter on mortality was independent of the
presence of herbs (G test of independence, df = 1, P
> 0.05 in bath years). In 1989 the presence of litter
increased the percentage of cotyledon consumed at 30
June (P < 0.01), but the damage was reduced by the
presence of herbs {(Fig. 1}. In 1990 the insecticide ap-
plications significantly increased the total number of
emerged seedlings (Table [, Fig. 1). The application of
insecticide alsc reduced seedling mortality {G tests of
homogeneity, df = 1, P < 0.01), and the effects of litter
and insecticide were not independent (& test of inde-
pendence, df = 1, P < 0.01). Neither competition nor
any of the interactions had any significant effect (P >
0.01) on seedling mortality. At the end of the experi-
ment the treatments with litter had the lowest seedling
densities, and those with insecticide the highest (Fig.
1, ANOVA, P < 0.01).

Activity of herbivores

In the 1990 experiment the total number of arthro-
pods per plot and the abundance of plant-chewing ar-
thropods were increased by the presence of litter and
reduced by the application of insecticide (Table 2).
There was also a significant litter x insecticide inter-
action (Table 2) because litter only increased the abun-
dance of arthropods in the absence of insecticide. The
treatments with litter but without insecticide had the
highest abundance of crickets, ants, and millipedes,
and the treatments with insecticide had the lower abun-
dances (Kruskal-Wallis test, P < 0.01; Table 3).

Seedling biomass: effects of litter
and competition

The herb community in all the plots was very simple,
and similar to that documented in previous studies
{Facelli and Pickett 19914, ¢). Setaria faberii was the
dominant species, and only a few individuals of S.
viridis, Panicum dichotomiflorum, and of various forbs
were abserved, Litter reduced total herb biomass (Fig.
2, P < (.01} and density of grasses {# < 0.01), but not
that of the dicots (P > 0.01). The effect of litter on the
density and biomass of the herbs was similar to that
observed in previous field and greenhouse experiments
(Facelli and Pickett 19914, c).

Competition had a strong, negative effect on woody
seedling biomass (Table 4, Fig. 2), and accounied for
most of the variation. Litter had no significant effect
on individual biomass (Table 4). The litter x com-
pétition interaction was highly significant (Table 4) be-
cause the presence of litter in the competition treat-
ments increased the biomass of the seedlings compared
to competition without litter {Fig. 2).

The aerial biomass of all herbs was lower in 1990
than in 1989, and the relative effect of litter on the
herb biomass was seemingly stronger {(from a reduction
of 30 = 8% in 1989 to a reduction of 44 + 12% in



September 1994

=L\
il
AL
7
2 i /
I N
L]
2
?%%%/

1990 [mean * 1 sp]). The individual biomass of the
seedlings in 1990 was lower than those of 1989 (Fig.
2).

DrscussioN

Effects of litter, competition,
and herbivory
Competition by herbs, presence of litter, and seedling

predation strongly influenced the establishment of Ai-
lanthus seedlings. Litter had no significant direct effect
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Fig. 1. Cumulative emergence, damage tg cotyle-

dans (1989 only), and martality of seedlings of Ailan-
thus altissima in the field experiments of 1989 and
1990 (10 and 4 replications per treatment combination,
respectively). L = litter, C = competition, ]| = insec-
ticide; hyphens represent cantrols in this three-factor
experiment. Vertical lines represent * | sp. Mortality
values with the same letter above the bar are not sig-
nificantly different (G test, P = 0.0L).

on seedling biomass (although consistently tending to
reduce it, see Fig. 2), but its presence controlled the
effect of both competition and seedling predation. The
results demonstrate that the indirect effects of litter on
waoody seedling biomass suggested by a previous green-
house study (Facelli and Pickett 1991¢} are also de-
tectable under field conditions. This field study also
unravelled the importance of the negative indirect ef-
fect of litter on the establishment of individual seed-
lings, through an increase in the activity of herbivoraus
arthropads,
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TABLE 2. ANOVA on total number of arthropods and total
number of plant-chewing insects per plot in the 1990 ex-
periment {four replications per treatiment combination). Data
were transformed for the analyses to {count + 0.5)"". L =
litter present, C = competition from herbs, I = insecticide
used.

Source af
variation df F P
Total number of arthropods
L 1 15.85 <0.001%**
C 1 .03 0.8590
LxC L 2.33 0.140M3
I 1 32.65 < (.00 ***
LxI L 5.61 Q.010%*
Cx1 1 0.07 0.925Ms
LxCxI 1 0.06 (.813m8
Total number of plant-chewing insects
L 1 26.43 < (.00 1***
C L 2.18 0.152m
LxC 1 1.18 0.287Ms
I L 56.43 <(.001%**
LxI L 25.70 <0 .00 %
Cx1 I 2.35 Q. 140Ms
LxCxI 1 1.20 0.282N8

** p oo 001, ** P < 0.001, N§ = nonsignificant,

Competition was the most important factor regulat-
ing the individual biomass of the Ailanthus seedlings.
Litter indirectly reduced the strength of competition
by reducing both the density and the biomass of the
dominant herb, Setaria faberii (see also Facelli and
Pickett 195 14). The main direct effect of litter on the
woody seedlings was seemingly the delay of their emer-
gence (which could account for the marginal negative
affect of litter on seedling biomass). The observed re-
duction in establishment and increased mortality can
be attributed to indirect effects, through increased ac-
tivity of herbivores. In the presence of competitors the
marginal negative effect of litter was overridden by its
pasitive indirect effect through reduced competition.

JOSE M. FACELLI
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The relative importance of the positive indirect effect
of litter on seedling biomass was far smaller than the
direct campetitive effect of herbs. However, the pres-
ence of litter in plots with competition increased seed-
ling biamass by a factor of almost 2 and 3 in 1989 and
1990, respectively.

The reduced mortality and the increased emergence
in the plots with insecticide strongly support the con-
tention that the reduced establishment produced by
litter was due, at least partially, to increased seed and/
or pre-emergence seedling predation by invertebrates,
Thus, litter indirectly controls the predation rate on
the Aiflanthus seedlings. Litter may prevent seedling
emergence by mechanical impediment (Grime 1979,
Bergelson 19904, 5). Longer confinement under dense
litter mats may render the more tender tissues of the
etiolated seedling more prone to pathogen attack and
herbivore damage (Facelli and Pickett 19915). Even
though reduced emergence was also observed in green-
house experiments (Werner 1975, Hamrick and Lee
1987) where herbivory is unlikely to occur, my results
warn. against automatically attributing reduced emer-
gence in field experiments salely to the direct effects of
litter (e.g., Werner 1975, Carson and Peterson 1990,
Facelli and Pickett 1991a). In the parallel greenhouse
experiment (Facelli and Pickett 1991¢) I did not find
any negative effect of litter on the emergence of seed-
lings of dilanthus. The negative direct effect of litter is
likely to be more important in small-seeded species
{Peterson and Facelli 1992).

The increased activity of arthropods in the plots with
litter may be explained because litter provided an en-
vironment with improved temperature and humidity
(see review in Facelli and Pickett [19915]). It is also
possible that some arthropods may find refugia in the
litter, while predators (carabids, spiders) may find high-
er prey abundance there. I did not find any significant
effect of the presence of herbs on the abundance of

TapLe 3. Numbers of several taxa of arthropaods, total number, and number of plant-chewing (“Chewers”} arthrapods per
plot in the 990 experiment. The contents of two pitfall traps per plot were paoled together.™

Treatmentst

Taxa --- --I -C- -CI L-- L-I LC- LCI
Carabidae

Adults .75® (.002 0.75% (.508 L.5Q® 1008 3.25~ 1.008

Larvae 2.008 0.50®2 2.75% 1.502 4,508 3.7548 7.50* 2.508
Crickets 1.00® 0.758 .75® (.252 3,50~ 1.00#8 375~ 1.508
Millipedes 1.00° 1.258 27578 (.507 4,754 2.008 3.254 L.aae
Spiders 2.004 L.00* 2254 2,754 2.25~ 1.754 1.004 0.25%
Ants 1.25%8 0,258 2 008 1.00% 17,50~ 3.25% 12,00 2.508
Other 6.25* 5.50~ £.004 5.00~ T004 L.754 6.754 2.50~

Total 14.25% 8.78¢ 19.258 11.50m< 41.00~ 14,508 37.50® [1.258€
Chewers 3.258 4,258 5.258 2,258 11.25~ 3.758 8.504 2,758

* Sae Table 2 for statistical analyses of total number, and of number of plant-chewing arthropads. The other classes were
analyzed by Kruskal-Wallis test; same superscript letters within a column means that differences were not significant (LSD

on ranks, P < 0.01}

+ Hyphens in the treatment codes indicate controls in the three-factor design. L = litter presence, C = competition from

herbs, [ = insecticide used.
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arthropods, although presence of herbs reduced dam-
age to cotyledons in 1989, The structural complexity
of the plant community strongly affected the arthropod
community in other studies (e.g., Riechert and Bishop
1990, see review in Lawton {1983]). The presence of
alternative food items could reduce herbivore pressure
(Fenner 1987), but the sensitivity of seedlings to her-
bivory may be increased by competition (Dirzo 1986).
These two effects may have compensated each other
in my experiment. [ did not observe any evidence of
damage by mammals, which contrasts with results from
another study performed in the same field using seed-
lings of Carya sp. (Myster and McCarthy 1989). This
may be due to differences in the species and age of the
seedlings used in the experiments, or to seasonal dif-
ferences in herbivore activity.

Unfortunately, the inability ta get an accurate mea-
surement of biomass in the treatments with insecticide
prevented the assessment of possible direct and indi-
rect effects of insects on herbs and woody seedling bio-
mass. Riechert and Bishop {1990) found that mulching
{(i.e., litter addition) increased predation by spiders,
which resulted in reduced damage to plants by insect
herbivores. Detailed studies of the effects of litter on
the arthropod community could reveal further indirect
effects.

The lang interval between some of the samplings
may have resulted in the underestimation of mortality
in the 1990 experiment, but that would only make the
resulis more conservative, Though I observed possible
signs of insecticide toxicity in the Ailanthus seedlings
in the insecticide plots, I could not find any evidence
of negative effect on emergence and survivorship, That
effect would have partially masked the protection
against arthropods, making my conclusions even more
conservative,

Though the amount of biomass consumed is small,
the reduction in the density of woody seedlings may
have important effects on the community structure lat-

Tapre 4. ANOVAs for log-transformed values of mean hio-
mass of seedlings of Ailanthus in the 1989 and 1990 ex-
periments (10 and 4 replications per treatment combina-
tion, respectively). In 1990 only the treatments that had
nat received insecticide were harvested. L = litter, € =
competition.

Source of
variation df F P
1989 experiment
L 1 3.35 0.086M=
C 1 549.73 < (.00 1**
LxC 1 18.84 <0.00]1**
1990 experiment
Block 3 [.10 (.399~s
L 1 3.89 0.081~s
C 1 186.63 = 0.00]**
LxC 1 15.36 0.003%*

** P < (.01, N = nonsignificant.
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Fra. 2. (A) Aerial biomass of herbs (mostly the grass Se-

taria faberii) in the plots with competition in the 1989 and
1990 experiments. The narrow bars represent 1 sD for total
herb biomass. (B) Total mean individual biomass of seedlings
of Ailanthuts altissima in the 1989 and 1990 experiments. The
narrow bars represent + | sp. Notice the logarithmic scale. L
= litter, C = compeltition; hyphens indicate control treat-
ments.

er in the successional process. The effect of herbivory
on plant pepulations may be disproportionate to the
amount of biomass removed, especially if biomass is
removed during sensitive parts of the life cycle, or if
meristems are damaged (Crawley 1983, Dirzo 1986,
Edwards and Gillman 1987, Verkaar 1987, Louda et
al. 1990). '

Conceptual implications

While interest in indirect effects is relatively recent,
several experimental studies have shown their presence
in animal communities (Wilbur 1972, Morin 1981,
Davidson et al. 1984, Martin et al. 1989). In contrast,
and despite theoretical formulations (Vandermeer et



1734

al. 1985}, examples of indirect effects in plant com-
munities are scant (Hunter and Aarsen 1988), and in
most cases the effects are mediated by herbivares
(Harper 1969, Bentley and Whittaker 1979, Lubchenco
1986). Cases of one plant favoring another plant by
suppressing a third, competing plant are scarce and
inconclusive (see review in Hunter and Aarsen [1988]).
Indirect effects among competing plants may be un-
important if plant competitors within a given size range
are essentially equivalent, as proposed by Goldberg
and Werner {1983). Indirect effects among three com-
peting populations could result from asymmetric and
intransitive relationships among competing species.
Experimental studies (Gaudet and Keddy 1988, Keddy
1989) show that interspecific plant competition is al-
maost always asymimetric and transitive.

Important indirect effects among plants may be me-
diated by environmental changes produced by living
ot dead plants, which alter the outcome of the inter-
actions hetween other plant populations (Bergelson
19904, Facelli and Pickett 19915, ¢) and between plants
and herbivores (Facelli and Pickett 19915). The indi-
rect effect of ocak leaf litter reported here and in Facelli
and Pickett {(1991¢) seems to be a novel one. The in-
fluence of the plants that produce the litter can be
remote in space when litter is deposited away from the
plant (Shure and Phillips 1987, Facelli and Carson
1991). This effect can also have a historical component,
since the amount of litter accumulated depends on past
events controlling production and destruction of bio-
mass in the system (Bergelson 19904, b, Facelli and
Pickett 19914).

In this study [ documented that even in a simple,
early successional community the web of interactions
can be of considerable complexity. In addition to the
expected direct effects {i.e., competition, herbivory, lit-
ter interference), I detected two indirect effects, one
pasitive and one negative, each acting on different as-
pects of the plant population dynamics (i.e., on indi-
vidual biomass and on seedling mortality, respec-
tively). These indirect effects produced a twofold (or
larger) increase in biomass and mortality over the “nat-
ural™ condition (competition treatments). It has been
argued that the strength of the indirect effects may be
relatively small in comparison to that of the direct
effects {(Vandermeer 1981). However, as pointed out
by Morin et al. {1988), they are large enough to be
detected over the fairly large “background noise™ that
characterizes ecological systems. While there is little
evidence to support Patten’s (1991} claim that indirect
effects may dominate ecological systems, it is probably
safe to assume that understanding them will increase
the predictive and explanatory power of community
ecology. The theoretical and experimental investiga-
tion of entire, albeit necessarily simple, interaction webs
will further our understanding of the structure of eco-
logical communities better than the evaluation of the
relative importance of different, isolated interactions.

JOSE M. FACELLI

Ecolopy, Vol. 75, No. 6
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