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Effects of Experimental Seaweed
Deposition on Lizard and Ant
Predation in an Island Food Web

Jonah Piovia-Scott,* David A. Spiller, Thomas W. Schoener

The effect of environmental change on ecosystems is mediated by species interactions. Environmental
change may remove or add species and shift life-history events, altering which species interact at a
given time. However, environmental change may also reconfigure multispecies interactions when both
species composition and phenology remain intact. In a Caribbean island system, a major manifestation
of environmental change is seaweed deposition, which has been linked to eutrophication, overfishing,
and hurricanes. Here, we show in a whole-island field experiment that without seaweed two
predators—lizards and ants—had a substantially greater-than-additive effect on herbivory. When
seaweed was added to mimic deposition by hurricanes, no interactive predator effect occurred. Thus
environmental change can substantially restructure food-web interactions, complicating efforts to
predict anthropogenic changes in ecosystem processes.

lobal environmental change is expected

to have a profound impact on the struc-

ture and function of ecological commu-
nities by changing interactions between their
component species. Range shifts, extinctions, and
species introductions change community compo-
sition, deleting some interactions and adding others
(1, 2). In addition, changes in the seasonal timing
of migration and other life-history events can produce
phenological mismatches, which can affect com-
munities even when species composition is un-
changed (/-3). The absence of alterations in species
composition and phenology, however, does not
necessarily mean that ecosystems will remain
unaltered (4): Environmental change can also
influence ecosystem processes by reconfiguring
interactions in communities whose species lists
remain intact (5-9).
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An important aspect of global environmental
change is the mobilization and transport of resources
between ecosystems. Seaweed deposition in par-
ticular is likely to become a more common feature
in shoreline ecosystems as anthropogenic effects
(such as overfishing and eutrophication) facilitate a
shift toward algae-dominated marine ecosystems
(10). Furthermore, intense storms, which are asso-
ciated with the deposition of large amounts of sea-
weed (/1, 12), have increased in frequency—a
trend that is expected to continue with increasing
global warming (/3). Such pulsed inputs of external
resources can increase prey availability, “subsidiz-
ing” in situ predators (/4—/7) and altering predator
effects on lower trophic levels (12, 16, 18-21).

We used a whole-island field experiment in
the Bahamas to probe how major seasonal pulses
of seaweed deposition—mimicking what occurs
in an active storm year (22)—influence the
effects of multiple predators on herbivory in a
terrestrial food web. Twelve small islands (one is
shown in Fig. 1A), six with lizards and six
naturally lizard-free, were used in the experiment.
Seaweed was added or removed from islands in a

crossed design; each combination of seaweed
and lizard presence or absence was represented
by three islands. Seaweed was manipulated in
October and December of 2008, coinciding with
that season when large storms are most likely to
cause natural deposition events. On seaweed-
addition islands, 0.4 to 1.4 kg/m2 of seaweed was
distributed patchily throughout each island,
mimicking what occurs after a large storm (22).
The removal treatment maintained seaweed at a
level near zero, which is consistent with natural
levels of about half of the islands before manipu-
lation. Ant exclusions were established on branches
of four (three in one case) Conocarpus erectus
plants on each island; ants were excluded with a
sticky resin, which lizards were able to bypass by
crossing a narrow gap between wire mesh cones
(Fig. 1B). Each of the four predator treatments in
the experiment—(i) ants and lizards absent; (ii)
ants present and lizards absent; (iii) ants absent and
lizards present; and (iv) ants and lizards present—
was represented by 12 branches in the absence of
seaweed subsidy and 11 or 12 branches in the
presence of seaweed subsidy.

Anolis sagrei was the only lizard species on
the lizards-present islands. Previous experiments
in this ecosystem demonstrated that A. sagrei reduced
herbivory on C. erectus (23, 24), one of the most
common plants in shoreline habitats. Extrafloral
nectaries on C. erectus foliage attract mutualistic
ants, which can also decrease herbivory (25). The
possibility that these two predators interactively
affect lower trophic levels (26) had not been
explored in previous studies.

Figure 1C shows a working model of the main
food web components in our system. Seaweed
deposits support an abundance of detritivores, which
attract both ants and lizards (/2). The most com-
mon herbivorous arthropods include Coleoptera,
Lepidoptera, and Hemiptera (/2). Previous studies
in this system indicate that a shift in predator
foraging behavior after two closely spaced pulses
of seaweed is associated with increased herbivory
on C. erectus (12), suggesting that the subsidies
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interfere with herbivore suppression by preda-
tors (27).

The present study shows that seaweed sub-
sidies diminish the effect of predators on C. erectus
by eliminating the greater-than-additive effect of

ants and lizards on herbivory found in the absence
of seaweed subsidies. Specifically, without sea-
weed the combined effect of ants and lizards on
herbivory was more than three times greater than
expected on the basis of the sum of their individual

IR

c
Lizards
Ants\
Detritivores ~ Herbivorous
T arthropods
Seaweed Plants

Fig. 1. Study system. (A) One of the twelve experimental islands. (B) An ant-exclusion treatment on one
of the experimental plants. The wire mesh cones on either side allow lizards to pass over the sticky resin
barrier. (C) Working hypothesis of food-web relationships on the small islands used in this experiment.
Red text denotes the components that were manipulated in this study.

Fig. 2. Effects of seaweed, A
lizards, and ants on herbiv- 3.0 7
ory in C erectus. (A) Leaf
damage on C. erectus in
four predator treatments
on seaweed-removal and
seaweed-addition islands.
Data are mean + SE; n =
11 branches for the sea-
weed addition—lizards
treatments and 12
branches for all other treat- 0.0

2.5 A

2.0 A

Ln (% leaf damage)
o

Seaweed removal

Seaweed addition

I

[ No ants

{ Ants

ments. The interactive ef- No lizards

fect of lizards and ants on
C erectus leaf damage
differed between seaweed
treatments [mixed model
analysis of covariance
(ANCOVA); seaweed*
lizard*ant interaction:
Fi39 = 6.0, P =0.02]. On
seaweed-removal islands,
there was a greater-than-

B
Ants, no lizards
Lizards, no ants
Ants and lizards

Lizards No lizards Lizards

additive effect of ants and
lizards on herbivory
(mixed model ANCOVA;
lizard*ant interaction on
seaweed-removal islands:

1.0 05 0.0 0.0 05 -1.0
Effect size
Seaweed removal

Effect size
Seaweed addition

F1.20 = 11.5, P = 0.003), but there was no such interactive effect on seaweed-addition islands (mixed
model ANCOVA; lizard*ant interaction on seaweed-addition islands: F; 1o = 0.16, P = 0.7). (B) Predator
effects on leaf damage. Effect sizes were calculated as In (leaf damage with predators/leaf damage without
predators) by using least-squares means from the mixed model ANCOVA described in (22).
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effects (Fig. 2, left). In other words, the difference
between the treatment with both predators pre-
sent and the no-predators treatment was three
times greater than the difference between the
ants/no-lizards treatment and the no-predators
treatment plus the difference between the lizards/
no-ants treatment and the no-predators treatment.
In contrast, in the presence of seaweed subsidies
there was no interactive effect of ants and lizards
on herbivory (Fig. 2, right). Ant abundance in-
creased on islands with seaweed subsidies—the
(least-squares) mean ant abundance on seaweed-
addition islands was higher than that on seaweed-
removal islands—but was not affected by lizards
(Fig. 3A). In contrast to ants, lizards did not in-
crease in overall abundance on subsidized islands
(Fig. 3B).

We suggest that the synergistic effect of lizards
and ants on herbivory in the absence of seaweed
subsidies derives from the fact that these two pred-
ators are active at different times of day. The only
lizard species present, 4. sagrei, is diurnal. In con-
trast, the dominant ant species (comprising 88% of
all pan-trapped ants), Camponotus tortuganus, is
nocturnal. This temporal partitioning of foraging
activity may create a dilemma for herbivores:
They can avoid 4. sagrei by feeding at night, and
they can avoid C. fortuganus by feeding during
the day, but they cannot simultaneously avoid
both types of predators. This hypothesis is analo-

seaweed seaweed
removal addition
10 A
‘T 8
Q.
© s
=
2,
[
<
2
0
B
0.1
Y
1S
[72]
©
.
(]
N
-
0.0 -
N0 " lizards MO Jizards
lizards lizards

Fig. 3. Effects of seaweed on ant and lizard
abundance. (A) Ant abundance in pan traps on
experimental islands. Ant abundance was higher on
seaweed-addition islands than seaweed-removal
islands (ANCOVA; F; ; = 7.7, P = 0.03); there was
no difference between lizard and no-lizard islands
[analysis of variance (ANOVA); F1; = 0.15, P =
0.71]. (B) Lizard abundance on experimental islands.
There was no effect of seaweed on lizard density
(ANOVA; F, 4 = 0.38, P = 0.60). Data are mean =+ SE
of log-transformed abundances; n = 3 islands for
each treatment combination.
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gous to what has been observed when predators
exhibit spatial complementarity in foraging: Prey
seeking to escape one predator enter habitats in
which they are more vulnerable to the other pred-
ator (26). In addition to eliminating prey refuges,

ing areas (as they could in the previous, mainland-
plot experiment) and (ii) the lack of reproductive
activity during much of the study period (/2). Be-
cause emigration and reproductive lags influence
the timing of predator responses to subsidy, we
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predator foraging behavior were responsible for the
observed increases in herbivory (/2). In the current
experiment, the increase in ant density in pan traps
may have been caused by a shift in foraging pat-
terns, although an increase in the overall abun-
dance of ants resulting from increased food supply
may have also been contributory. Although lizard
density increased in response to seaweed subsidies

Experiments such as the one we report here, con-
ducted at a spatial scale large enough to capture
community-wide dynamics, are particularly relevant
for conservation and management decisions in the
face of ever-increasing anthropogenic disturbances.

References and Notes
1. C. Parmesan, Annu. Rev. Ecol. Evol. Syst. 37, 637 (2006).

anonymous reviewers for comments on the manuscript;

A. N. Wright and S. S. Porter for help in the field; L. Wong
for help in the lab; and the Bahamas Ministry of Agriculture
and Marine Resources for permission to conduct this
research. This project was supported by grants from NSF and
the University of California Davis Center for Population
Biology to the authors.

Supporting Online Material
www.sciencemag.org/cgi/content/full/331/6016/461/DC1
Materials and Methods

in mainland plots (/2), we observed no such in- 2. G. R. Walther et al., Nature 416, 389 (2002). SOM Text
crease in the current study. We suggest that the 3. L. H. Yang, V. H.‘W. Rudolf, Ecol. Lett. 13, 1 (2010). Fias. S1 to S3
absence of a numerical response in lizards on small 4. G. R. Walther, Philos. Trans. R. Soc. B 365, 2019 (2010). Rgf .

P 5. B. T. Barton, A. P. Beckerman, O. ]. Schmitz, Ecology 90, ererences

islands was caused by (i) the inability of lizards to
immigrate to the experimental sites from surround-

2346 (2009).
6. B. T. Barton, O. ]. Schmitz, Ecol. Lett. 12, 1317 (2009).

10 November 2010; accepted 23 December 2010
10.1126/science.1200282

to the recalcitrant nature of the substrate toward
enzymatic breakdown and the relatively low ac-
tivity of currently available hydrolytic enzymes.
Although the success of protein engineering to
improve the performance of existing lignocellulose-
degrading enzymes has been limited (3), retrieving
enzymes from naturally evolved biomass-degrading
microbial communities offers a promising strat-
egy for the identification of new lignocellulolytic
enzymes with potentially improved activities (4).

Metagenomics, the direct analysis of DNA
from environmental samples, represents a strategy
for discovering diverse enzymes encoded in na-
ture (5, 6). Although metagenomics has been used

Metagenomic Discovery of
Biomass-Degrading Genes and
Genomes from Cow Rumen

Matthias Hess,** Alexander Sczyrba,™* Rob Egan,’? Tae-Wan Kim,® Harshal Chokhawala,?
Gary Schroth,* Shujun Luo,* Douglas S. Clark,>> Feng Chen,? Tao Zhang,?

Roderick I. Mackie,® Len A. Pennacchio,™* Susannah G. Tringe,™* Axel Visel,™? Tanja Woyke,?
Zhong Wang,™? Edward M. Rubin™?t

Downloaded from www.sciencemag.org on January 27, 2011

The paucity of enzymes that efficiently deconstruct plant polysaccharides represents a major bottleneck for
industrial-scale conversion of cellulosic biomass into biofuels. Cow rumen microbes specialize in degradation
of cellulosic plant material, but most members of this complex community resist cultivation. To characterize
biomass-degrading genes and genomes, we sequenced and analyzed 268 gigabases of metagenomic DNA
from microbes adherent to plant fiber incubated in cow rumen. From these data, we identified 27,755 putative
carbohydrate-active genes and expressed 90 candidate proteins, of which 57% were enzymatically active
against cellulosic substrates. We also assembled 15 uncultured microbial genomes, which were validated by
complementary methods including single-cell genome sequencing. These data sets provide a substantially
expanded catalog of genes and genomes participating in the deconstruction of cellulosic biomass.

Department of Energy, Joint Genome Institute, Walnut Creek,
CA 94598, USA. “Genomics Division, Lawrence Berkeley Na-
tional Laboratory, Berkeley, CA 94720, USA. >Energy Bio-
sciences Institute, University of California, Berkeley, CA 94720,
USA. *lllumina Inc., Hayward, CA 94545, USA. ®Department of
Chemical and Biomolecular Engineering, University of Califor-
nia, Berkeley, CA 94720, USA. 6Department of Animal Sciences,
Institute for Genomic Biology and Energy Biosciences Institute,
University of Illinois, Urbana, IL 61801, USA.

material represent an important renewable

B iofuels derived from lignocellulosic plant
energy alternative to transportation fossil

www.sciencemag.org SCIENCE VOL 331

fuels (/, 2). A major obstacle to industrial-scale
production of fuel from lignocellulose lies in the
inefficient deconstruction of plant material, owing

*These authors contributed equally to this work.
1To whom correspondence should be addressed. E-mail:
emrubin@lbl.gov

28 JANUARY 2011

463


http://www.sciencemag.org/

Supporting Online M aterials
Materials and Methods

Sudy site and experimental design

This study was conducted on 12 small islands (ak8ds- 1747 1) in the Exuma
island chain in the central Bahamas. Six of thelsmds are located in the vicinity of
Georgetown, Great Exuma (23.5° N, 75.8° W), andbther six are located 100 km to
the northwest, near Staniel Cay. Brown anofe®l|s sagrei) are among the most
common vertebrate predators in the Bahamas andwesent on six of the experimental
islands; five of these lizard populations werergult of experimental introductions
while the sixth was the result of natural coloni@at Four of the islands with lizards
were near Georgetown, while the remaining two e Staniel Cay. The six islands
without lizards had been lizard-free for at ledstygars at the time of the study. Islands
with and without lizards did not differ in areatést:P=0.76).

The 12 islands in the experiment were divided thtee blocks of four islands.
Each block contained two islands with lizards amd tslands without lizards. Given that
constraint, blocks were chosen on the basis otimtand island area. Seaweed addition
and removal treatments were assigned randomlym&ach block such that each of the
four seaweed/lizard combinations was representazhbyisland. Seaweed was
manipulated in October 2008 and again in Decemb#itecsame year, coinciding with
the season when large storms are most likely teecaatural deposition events. There
was enough natural variation in the amount of seavekeposited on the study islands
(coefficient of variation = 1.5 in October 2008iqurto manipulation) that we opted to
use seaweed removals rather than unmanipulatetbtomt order to ensure that amounts
of seaweed differed substantially between treatsmén seaweed-addition islands 0.4 —
1.4 kg/nf of seaweed was added during each session, an acwuesponding to
deposition events associated with large stormau(Ei§1), and within the range of
natural variation observed on shoreline plots ogdaislands (6 out of 29 plots had > 1
kg/m? seaweed at some point between November 2007 aothéd@010 [unpublished
data]). Seaweed was distributed patchily througseatveed-addition islands, mimicking
what occurs after a large storm. Seaweed was reirfore seaweed-removal islands
during each session, bringing them down to the daw® as about half the islands
before manipulation.

Ant exclusions were conducted on f@&omnocar pus erectus plants on each island
except one, which had only three experimental pl&@unocarpus erectus was one of the
most common plant species on the study islands ndhtirnalCamponotus tortuganus
is the most common ant speciesrerectus plants at our study siteSl). Two branches
were selected on each plant, one of which was rahdchosen for ant-exclusion while
the other served as a control. Ants were excludatgurree Tanglefoot® (The
Tanglefoot Company) applied on top of a band ot diajge wrapped around the branch to
protect the plant from the resin; control brandhag duct tape but no tanglefoot applied
on top of the tape. Branches in both ant-excluaiwh control treatments had two cones
of wire mesh hardware cloth installed on either ehtthe duct tape (Fig. 1B). These
cones extended towards each other but did not rak®ting lizards but not ants to cross
from cone to cone and bypass the Tanglefoot® uséuki ant-exclusion treatment. Trials



conducted with field-captured lizards confirmedtttheey easily crossed over the
Tanglefoot barriers. Twenty of the 47 plants usethe experiment had three
experimental branches and featured a cage-congaihtent — duct tape without
tanglefoot and without lizard cones — in additiorilte ant-exclusion and control
treatments. Analyses of leaf damage on plants alitthree treatments indicated that the
lizard cones did not affect leaf damage (Figure S2)

Data collection

Lizard density was measured on islands where thexg wresent in October 2008,
prior to the experiment, and again in May 2009 akizabundance was estimated using
multiple-mark-recapture census&®) and density was expressed as lizards gesfm
vegetated area.

A sample of ten randomly-selected leaves was delleitom each branch in
October 2008 and another sample was collected nw2089. Trichome density was
estimated by examining the surface of each le&0Atmagnification and giving it a
score from 0 — 3 (0: < 1 mifn1: ~125 mrif, 2: ~250 mrif, 3: >375 mrif). Each sample
of leaves was pressed and photographed, and tital digages were analyzed for leaf
damage £3). Experimental plants grew little during the cauod the experiment, which
took place mainly during the dry season, when piamivth is typically low and ant
activity is typically high.

Ant abundance was monitored on experimental islaméctober 2008 and May
2009 using pan traps. The traps consisted of éiplasw| covered with ¥ inch hardware
cloth (to keep hermit crabs out) and filled withteracontaining a small amount of
detergent; traps were set for one 24 h period oh etand. Pan traps were distributed
systematically on each island by placing them gilia intervals along a transect
stretching the length of the island. Ants were tdied to genus or species and densities
were calculated on a per trap basis. Herbivore ddnoece was measured in October 2008
and May 2009 using aerial sticky traps. On ea@nisksix traps were tied @©. erectus
branches approximately 1 m off the ground. Afteh2#raps were removed and insects
were identified to Order. Lepidoptera, HemipteraigAenorrhyncha), and Coleoptera
were considered to be herbivores (most Coleoptera w the family Chrysomelidae —
predatory taxa were rare) and densities were cledilon a per trap basis.

Satistical analyses

Leaf damage was analyzed using a mixed model ANC@M#hich island and
plant were random factors. In this model plantsrersted within islands and branches are
nested within plants, thereby accounting for tlok laf independence between samples
taken from plants on the same island and from lhresmon the same plant. Seaweed
treatment, lizard presence/absence, and block wee@ as island-level fixed effects. Ant
treatment was used as a branch-level fixed efiettaaerage trichome density was used
as a branch-level covariate, as trichomes are ededavith lower leaf damag&l, 4,
). Trichome densities were centered using a ztoamstion to facilitate the
interpretation of model parameters. Leaf damage daitected prior to the initiation of
seaweed and ant treatments was used as a covanmetiminary models, but was
dropped as it was not significaf®>0.5). Leaf damage was log-transformed to meet
model assumptions and make appropriate teststinaitive effects of predatorSg).



Preliminary models included interactions betweéfixa@d effects except block. Non-
significant interactions between fixed effects wemeoved from the final mode$y). In
addition to ant, lizard, and seaweed effects (Apd interactions), the final model
included a seaweed*ant*trichome interacti®@.02). Fitting a model without
interactions between trichomes and other fixedctdfgields results similar to those
described in the text (e.g. seaweed*lizard*antraxtéon:P=0.045; lizard*ant interaction
on seaweed-removal island®:0.003; lizard*ant interaction on seaweed-addition
islands:P=0.98).

The effect of seaweed on ant, lizard, and herbideresities was analyzed using
ANCOVA with seaweed treatment and block as facamd abundance prior to the
initiation of treatments as a covariate (this catarwas removed if it was not significant
atP=0.05). The covariate was retained in the modeafidrdensity #=0.002), but not in
the models for lizard and herbivore densRy0.19 andP=0.98, respectively). A similar
analysis was used to analyze the effect of lizardant and herbivore densities, but the
covariate was dropped, as lizards were not martgadia this study. All densities were
log-transformed to meet model assumptions.

Analyses were conducted using the Im and Ime fanstin R 83, 9). All
hypotheses were tested using two-tailed tests.



Supporting Text

Effects of seaweed and lizards on herbivores

There was no effect of seaweed or lizards on herbigbundance on
experimental islands (ANOVA:;F=0.003, p=0.96, and;F=1.6, p=0.24, respectively),
and no evidence for a seaweed*lizard interactioNQ¥A: F1 ¢=1.1, p=0.34) (Figure
S3). In our previous study of shoreline plots, sseavdeposition increased herbivore
abundanceSl). We suggest that this effect was not observetdercurrent study in part
because herbivores cannot migrate to small islasdeadily as shoreline plots, limiting
the possibility of an aggregative response.

While herbivory tended to be lower on islands vitlards (Figure 2), there was
no indication that lizards reduced herbivore dgn$le suggest two reasons for the
discrepancy between these two results. First, ffieete of predators on herbivory may be
mediated by changes in herbivore traits, rather tthenges in herbivore density. If this
were the case, predator effects on herbivory waotde associated with changes in
herbivore abundance. Second, there are importiatehces between our measurements
of herbivore abundance and our measurements oivbeybSticky traps were set for a
24-hour period so do not capture the folivorous $ifages of some herbivores (e.qg.
Lepidoptera), while leaf damage was a cumulativasuee of herbivory over the
duration of the experiment, thereby including allvfory that did not result in leaf
removal or abscission. We did not measure herbigbtendance on individual
experimental branches, so it was not possiblestofoe the effect of ants or the
interactive effect of lizards and ants on herbivalbendance.



Figure S1. Seaweed deposition after large storia®. Seaweed deposited on small
islands near Staniel Cay following Hurricane Franice2004C. Seaweed deposited on
the island of Great Exuma following Tropical Stokuoel in 2007. Arrows indicate piles

of seaweed.




Figure S2. Testing for cage effects. Leaf damage on twentgtplavith three treatments:
(i) cage controls — duct tape alone wrapped ardb@dbranch, (ii) ant controls — duct
tape wrapped around the branch, cones allowinglézi® pass over, no tanglefoot on
duct tape, (iii) ant exclusions — duct tape wrapaexlind the branch, cones allowing
lizards to pass over, tanglefoot applied on toduidt tape. Data are mean +/- SE. There
was a significant effect of ant treatment (mixeddel)ANCOVA: F, 3=4.2,P=0.02),

with the ant-exclusion treatment having higher d@hage than the cage control (mixed
model ANCOVA:t37=2.8,P=0.007) and tending to have higher leaf damage tth&an
control treatment (mixed model ANCOV#&;=2.0,P=0.06). However, there was no
difference between controls and cage controls (chimedel ANCOVA:t37=0.86,

P=0.39).

10 4 =3 cage control
C—1 ant control (lizard cones)
EEm ant exclusion (lizard cones and tanglefoot)

% Leaf damage




Figure S3. Herbivore abundance on experimental islands. Bxatanean +/- SE of log-
transformed abundances; n=3 islands for each texdgtoombination.

seaweed removal seaweed addition
3.0 ~

2.5 A
2.0 A

1.5 1

b [

no lizards lizards no lizards lizards

Herbivores trap!




S1.

S2.

S3.

S4.

S5.

S6.

S7.

S8.

S9.

References

J. Piovia-Scott, Plant phenotype influencesfifiect of ant mutualists on a
polymorphic mangrovelournal of Ecology in press.

T. W. Schoener, D. A. Spiller, J. B. Losogdtion on a commaofnolis lizard:
Can the food-web effects of a devastating predagaeversedZcological
Monographs 72, 383-407 (2002).

D. A. Spilleret al., Marine subsidies have multiple effects on codstadl webs.
Ecology 91, 1424-1434 (2010).

A. A. Agrawal, D. A. Spiller, Polymorphic buttieood: Effects of disturbance on
resistance to herbivores in green and silver mogblasBahamian shruthm J

Bot 91, 1990-1997 (2004).

T. W. Schoener, Leaf damage in island buttomyw@onocar pus erectus:
Correlations with pubescence, island area, isalaitd the distribution of major
carnivoresQikos 53, 253-266 (1988).

A. Sih, G. Englund, D. Wooster, Emergent impactmultiple predators on prey.
Trends Ecol Evol 13, 350-355 (1998).

A. F. Zuur, E. N. leno, N. J. Walker, A. A. 8agv, G. M. SmithMixed Effects
Models and Extensions in Ecology with R (Springer, New York, 2009).

R Development Core Team. R Foundation for Siedil Computing, Vienna,
Austria, 2009.

J. Pinheiro, D. Bates, S. DebRoy, D. SarkddeRelopment Core Team. nime:
Linear and Nonlinear Mixed Effects Models. R Fourmlafor Statistical
Computing, Vienna, Austria, 2010.



	Piovia-Scott et al. 2011 Science
	1200282s

