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Refuse pile turnover by harvester ants (Hymenoptéoamicidae) increases seed
density and seedling species richness in dry gaadsl

Adeline BuLOT, Erick RROVOST& Thierry DUTOIT

Abstract

Messor barbarugLINNAEUS, 1767) ants are Mediterranean region seed predatomwever, transported seeds can be
found rejected in refuse piles around their neatking this ant a seed dispersal agent. This réieefllowing ques-
tions: Do refuse piles affect seed distribution?tBeir small-scale seed composition, richness,damgity in autumn and
winter differ from those of areas without refuskeg? Are there differences in the vegetation fatlnedfollowing spring

in refuse piles that have survived the winter osibes where they have been destroyed, comparbcaiitrol areas with-

»  out refuse piles? In a Mediterranean steppe, wesuned autumn and winter seed banks in a greenhbotfein refuse
piles and in controls. The following spring, inuseieedlings from refuse piles, from refuse pilediedily destroyed
(sieved) in winter, and from controls without redysiles were recorded. Seedling species richnesslansity were
significantly higher in autumn in refuse piles tharcontrols. Nevertheless, no increased seedlmgribution from
the transient seed bank was detected in the wigfigse piles. The following spring, natural pemsistrefuse piles showed
no seedlings. However, seedling species richnegslansity were significantly higher in places whetise piles had
been sieved before in winter. The constructionedfise piles by. barbaruslocally concentrates seed density and
seed species richness; for the first time, a p@sithpact on seedlings is observed in places wredtse piles were
sieved before winter and the potential bias of thethodology must be now compared with actionsadfiral agents
(surface runoff) that destroyed refuse piles interin
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Introduction

The mutualistic relationships that ants maintaitihpiants Harvester ants can be found in a variety of regions
through seed dispersal have led to ants being neoedy  cluding arid, semi-arid, and tropical areas andarious

as keystone species I(BERT 1980, GVE & al. 2007).  habitats (RowN & al. 1979, MORTON& DAVIDSON 1988,
They are even considered to be the major invetielbeed  JOHNSON2001). They can have strong direct and indirect
dispersers in terrestrial ecosystemsi(&s 1980). Sensu  effects on regeneration and on population densifiptants
lato, seed dispersal by ants is an active procefnatl (BROWN & HUMAN 1997,DEFALCO & al. 2009, ARNAN

by the term "myrmecochory" E&NANDER 1906,HOWE & al. 2012). Harvester ants play a particularly orant

& SMALLWOOD 1982). Some plants even develop a nutri-role in the Mediterranean basin, where the géviessor
tious appendage on their seeds, which means thepea is the most abundant granivorous ant speciész(D991,
dispersed specifically by antsH®NANDER 1906,BOND CERDA & RETANA 1994, AzCARATE & PEC0O2007).

& SLINGSBY 1984,BEATTIE & HUGHES 2002,Y OUNG- Because harvester ants are voracious seed predators
STEADT & al. 2009). Other plants may be spread by dys-large proportion of the seeds produced is destrdyed
zoochory, where harvester ants forget or accidgrdabp their consumption (ADERSEN& ASHTON 1985,DETRAIN
small amounts of non-elaiosome seeds during theiging & PASTEELS2000,SCHONING & al. 2004). Nevertheless,
activity (HoBBS1985,RISSING1986,ARNAN & al. 2010). some authors maintain that if the number of avkilabeds



of a species is higher than the number of suitsibds for
establishment, high seed predation does not netlgssa
imply limitations on the establishment of new irdivals
(ANDERSEN1989,ERIKSSON& EHRLEN 1992). Moreover,
one indirect advantage could be the favoring ofabee
plant species through decreased competition withnea
species. In addition, rare events can compensattafo-
age caused by predation: Ants can lose, abandosjemt
a few seeds on their foraging trailsgRAIN & T ASSE
2000) or in the refuse piles around their ness$RIG
1986,LEVEY & BYRNE 1993, \ORSTER& al. 1994, Ok-
TRAIN & TASSE2000,RETANA & al. 2004, AZCARATE &

PEC02007). The displaced seeds can then be dispersed o\

great distances in microsites favorable to theuitoent
of seedlings (BAN & YEATON 1992, VORSTER & al.
1994, ARNAN & al. 2010). Workers of the geniessorare
known to forage tens of meters from their nestT®AIN
& al. 2000, FETANA & al. 2004, ARNAN & al. 2010, ROWES
& al. 2013). These seeds are also spared competiih
the parent plant, seed predators and pathogemnsr(By
1977,HOWE & SmAaLLWOOD 1982). It is refuse piles that
frequently contain a high abundance of viable seetls
lected in a 30 m radius forage are&ROAN 1989), de-
posited or rejected in error by worker antsaMMAHON &
al. 2000) or after a final selection carried oside the nest
(MAJER& LAMONT 1985,DETRAIN & PASTEELS 2000).
Although dry grasslands are hot spots of bioditgrsi
(WEIHER & KEDDY 1999,WILLEMS 2001,POSCHOLD &
WALLISDEVRIES 2002,ALARD & POUDEVIGNE 2002,GIB-
SON 2009), their area, habitat quality and biodivgrbave
already been shown to have decreased drasticatly@®-
KO & LOSTER1998,LEE & al. 2001, ARIAENS & al. 2006,
DuTOIT & al. 2013), mainly due to J0century changes
in land use (grazing abandonment, cultivation) ¢BauUN-
DERS & al. 1991). This is particularly true of Meditarr
nean grasslands, strongly in need of conservatidreao-
logical restoration (RABA 2003,BONET 2004,BUISSON
& DuTOIT 2006,JANISOVA 2011). However, implementing
measures for ecological restoration requires arfuihder-
standing of an ecosystem's functioning and of liésis
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Fig. 1: Location of the plain of La Crau in soutistern
France and the study site (black star) in the Matidla-
ture Reserve outlined in dark grey.

and nutrient content (P, N, K), refuse piles cawo dlave
negative effects on seed viability and emergenaetdu
the extensive accumulation of soil and plant mateni
a small area (ACARATE & Peco 2007). However, refuse
piles have both temporal and spatial dynamicsérFrench
Mediterranean region, their size is at its maxinarau-
tumn and most of them disappear naturally as dtreéu
weathering over the winter (A. Bulot, unpubl.). §matu-
ral destruction of refuse piles in autumn and wictzuld
play a role in increased seedling emergence foligva
phase of seed concentration in the former refuss.phs
a consequence, seedling regeneration needs tséssad
not only in refuse piles themselves but also omfarre-
fuse pile sites.

The objectives of this paper will thus be to analttze
effects ofMessor barbaruon small-scale seed distribu-
tion and seedling emergence in Mediterranean dagsyr

and animals, some of which can be used as "ecasysteland. Our hypotheses are that: (1) Refuse piles hasig-

engineers" to assist in the restoration of biodilgrafter
degradation (INES1997,FOLGARAIT 1998). Assessing seed
dispersal by ants in particular may also help tdeustand
the process of plant species assemblage in drglgrats,
with a view to preserving species.

nificant impact on seed composition and signifitairt-
crease species richness and seed density in awtnchn
winter relative to the same quantities of soil withrefuse
piles, (2) where refuse piles have been artificidéstroyed
during winter, plant species richness and densiyifs

Previous work has already revealed that ants, and e cantly increase the following spring and (3) refpdes

pecially the genu®essor have an extensive impact on
Mediterranean vegetation, including through thestare-
tion of refuse piles (GPEz& al. 1993, ETRAIN & TASSE
2000, SINCHEZ & al. 2006, AZCARATE & PECO 2007).
For example, although the density and species eghof
the viable seed bank were found to be significamityer
in autumn in refuse piles Messor barbarusnts than in
soil samples without refuse piles, in the followsgring,
seedling species richness from seeds present suthiy/-
ing refuse piles was significantly lower than inrsund-
ing areas (ACARATE & PeEco 2007). Thus, to date, no
significant positive effect of ants on small-scafmtial
vegetation redistribution in dry grasslands viaisef pile
construction has been clearly demonstrated. Moreoide
soil fertility has been found to increase in refpdes, es-
pecially through changes in texture, pH, organi¢emal
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maintained throughout winter significantly incredhe

number of seedlings, no doubt by creating envirartaie
conditions favorable to the preservation of seadsymu-
lation of organic dry matter, protection againstdation
and parasites, etc.).

Materials and methods
Study site

The plain of La Crau is a Mediterranean grasslacdted

in south-eastern France (Bouches-du-Rhéne), alfiokitn7
west of Marseille (43° 30' 57.11" N, 4° 52' 21'' &)
(Fig. 1). This plain is considered as a "stepp&sgstem
and is typical of the rangelands of the Meditereamieasin
(LEHOUEROU2001). Siliceous pebbles, washed down from
the Alps, cover more than 50% of the soil surfadeich
has an extremely flat topography. An impermeable co
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Fig. 2: Schema of the experimental design. (a)ubaran
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Mediterranean Basin (ETRAIN & TASSE 2000, AZCARATE

& PEC0 2007, BARAIBAR & al. 2011) Messor barbaruss
the main granivorous ant species in the plain oClau
(CERDAN 1989,CERDAN & al. 1990). This harvester spe-
cies occurs naturally in the steppe ecosystent, Geeis
throughout the north-western area of the Meditezaan
Basin (BERNARD 1968). In the plain of La Crau, its density
is relatively high, with 60 to 80 nests per hectéZer-
DAN 1989).Messor barbaruss a harvester ant which pre-
dates 5% to 20% of the total steppe seed produydiuch
the seeds of 63% of the typical phanerogams ofthjgpe
are collected and transported by this areKGaN & al.
1990). The high polymorphism of the worker ants nsea
they can transport a large variety of seeds: Tlasg lheen
found to carry from 0.2 mg to 60 mg EERAIN & al.
1996), with a maximum of almost 96 mg already meas-
ured in Spain (ENSEN2002), over a distance of as much
as 30 metres. As observed in Spain, seeds mapehdis-
carded, lost or ejected EDRAIN & TASSE 2000, ACA-
RATE & PECO 2007), while conserving their capacity for
germination (BONTE & al. 2003). Some of these uneaten
seeds are found in refuse piles located near attare

in the plain of La Crau: September to December 2012trances (RSSING 1986, ANDERSEN1988,LEVEY & BYRNE
ten 70 cr samples from these refuse piles placed with terl993,DETRAIN & TASSE2000,BONTE & al. 2003, ACA-
70 cn? soil samples without refuse piles for seed bankrRATE & PECO2007,MARTINEZ-DURO & al. 2010).Messor

analyses, ten refuse piles removed with sievingreéuse
piles protected with mosquito netting, and tensefpiles
were untouched. (b) April 2013 seedling analysetized

in the steppe where the refuse piles were sieveaher
touched in autumn. (c) May to June, ten 76 samples
taken from the refuse piles protected in autumik) wan
70 cnf soil samples without refuse piles for seed barask an
lyses.

glomerate of pebbles in a matrix of calcium cartier e
- 60 cm deep in the soil prevents plant root systéom
reaching the water table @iLIEX & al. 2013). The Medi-
terranean climate is dry, with strong sunshineughmut
the year (BvAaux & al. 1983). Interacting effects of a shal-
low soil, a warm Mediterranean climate and theoastiof
living beings, such as centuries of itinerant shgrgzing
(HENRY & al. 2010), have structured this species-ricimpla

barbaruswas identified using the determination key in
LEBAS (2014).

Experimental design

Autumn seed bank sampling: In late summer (September
2012), thus after peak seed production in Mediteraa
dry grasslands (BURRELLY & al. 1983) but before seed
germination and the wet season, a total of forfysepiles
were sampled upon encounter at their maximum size o
site representative of the plain of La Crau, "Lau€mul
de Figuiéres"# 8 ha, 43° 30' 52.17" N, 4° 52' 21.80" E).
Of these forty refuse piles, we sampled the orgarate-
rial and the first centimeter of the mineral sogasured
with a centimeter ruler in ten refuse piles on 100xcm
guadrats, i.e., much smaller than the minimum efzall
the selected refuse piles. To ensure that bothayest and
intact refuse piles would be found the followingisg,

community. The vegetation is composed of 50% annuaten other refuse piles were randomly selected ancd

species which germinate in autumn, overwinter adlisgs
and grow in spring, flowering from March to May ior
September (BURRELLY & al. 1983). Plant cover ranges
from 50% to 80% of the soil surface. On averageta30
40 plant species per square meter, with a maximiun® o
plant species per square meter, can be observieR
MANN & al. 2005). This xeric vegetation is composedmai
ly of stress-tolerant annual species, but perersmiaties
such asBrachypodium retusur(PeERS) P. BEAUV. (Poa-
ceae) andrhymus vulgarid.. (Lamiaceae), structure the
plant community by their cover. The other most elecar
teristic plant species avssphodelus ayardilAHAND. &
MAIRE (Xanthorrhoeaceae)inum gallicumL. (Linaceae)
and Stipa capillataL. (Poaceae) (MLINIER & TALLON
1950,DEvAauxX & al. 1983, BJISSON& DuTOIT 2006).

Biological model

Messor barbarugLINNAEUS, 1767) (Hymenoptera: Formi-
cidae) is a granivorous ant species whose impaseed
dispersal and consumption has already been studibe

with a 2 mm mesh, to mimic natural winter destiuctby
removing fine organic and soil material; ten furthefuse
piles were covered with mosquito netting to proteeim
against natural destruction (surface runoff) dusingter.
We chose this approach because it was impossipledtict

in autumn 2012 how many and which refuse piles doul
be destroyed during winter 2012 - 2013.

In the sieved refuse piles, seeds larger than 2wara
collected in the sieve and replaced in the aremdoly
occupied by the refuse piles. Thus, only the dritenac-
cumulated in the refuse piles was removed. Thetéast
refuse piles were left undisturbed (Fig. 2a). Teuza that
the refuse piles were near different nests, wetgglenests
spaced at least 10 m apart, as a nest can be &tarsin
diameter in the plain of La Crau €€DAN 1989).

Simultaneously, the first soil centimeters from tan-
domly distributed 10 x 10 cm areas with no refusesp
ant nests or other signs of former ant activitiesencol-
lected (control) (Fig. 2a). For each of the 20 sainples
(sites with and without refuse piles) collectedidgrthis
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period, a volume of 70 cinthe minimum volume col-
lected in one sample, was spread on a substratpossuh
of a 1 : 4 compost-vermiculite mix in germinatiooxes
measuring 30 cm x 45 cm, without sieving. They were
placed to germinate according to the concentraedlmg
emergence method §R HEERDT & al. 1996). All samples
were randomly placed in a greenhouse for three hsont
from September to December 2012 with no control of
temperature and humidity. The samples were watared/
day. They were then kept at 4°C for 15 days andeub
qguently returned to the greenhouse in January 2@it8,
no new germination was observed. In the greenhgase,
minations were identified (MLLER 1978), counted, and
removed each week to measure the number of viabliss
species richness and composition of each sample.
Spring seed bank sampling: In March 2013, the first
soil centimeters were collected from 10 x 10 cmdyats
on the ten refuse piles protected by mosquito mgfin
autumn 2012. The same methodology was appliedto te
guadrats (control) of 10 x 10 cm on randomly distréd
steppe areas with no refuse piles, ant nets or gibas
of ant activities. A volume of 70 ciof each soil sample
was spread and placed to germinate using the mel&od
scribed above (Fig. 2¢). Identification of planesigs was
carried out using a determination keyg@N & al. 2009).
Spring seedling analysis: In April 2013, when most
seedlings are identifiable in the field, they wietentified
and counted on ten 10 x 10 cm quadrats from eatifesé
sampling areas described above: (1) ten natursegdiles
chosen at random and which had neither been destroy
nor protected by mosquito netting during winter), tgh
areas where the refuse piles had been sieved imaut
2012 and (3) ten areas (control) with no ant nesstefuse
piles identified previously in 2012 (Fig. 2b). Veggon
and bare soil percent cover were visually estimategch
guadrat. Nevertheless, the opportunity to compeedlmgs
emergence in these non-expected naturally destnmed
fuse piles in comparison with the autumn sievedsef
piles was not taken in this study and then, itospossible
to exclude a potential experimental artifact of $ieving
method in comparison with the natural winter dettom.

Statistical analyses

In order to compare species composition amongnesas,
multivariate analysis was used based on a simjlani-
trix. Similarity analysis gives an overview of thedations
among samples in terms of species abundance. 8tgila
among treatments was verified via multivariate ity
analysis (ANOSIM) (CARKE & GREEN 1988), based on
the Bray-Curtis index (BAY & CURTIS 1957). ANOSIM
analysis calculates the R statistic (degree okedéffice

Brachypodl medli; ach on
w0
e Lobularia maritima
Petroraghia proljfera i
fosisle s Control .
~ erardla arvensis
8 o
s © Trifolium scabrim
z Asterolinon linum-stellatum
0
S
1
Euphorbia cyparissias Fildgo gallica
+Hypo€haeris glabra
T T T
-0.5 0.0 0.5
NMDS1

Fig. 3: Non-metric multidimensional scallng (NMD&)
alized on the seedling analélses of ten 76samples from
refuse piles and in ten 70 €isoil samples without refuse
piles (control) in autumn 2012. The ten samplesaith
treatment are grouped with polygons. To clarifylydhe
plant species most highly correlated to the twst firxes
are literally inscribed.

are in abundance, the closer they are to each othére
graph. A stress coefficient value of less thanrBelns a
good representation IED & al. 1982). Data were square
root transformed to reduce the effects of the rabsin-
dant species.

In order to compare species diversity among tre@tsne
Shannon and Evenness indices of the distributiospef
cies were calculated. The Shannon index is zera e
population is represented by a single species andrhes
maximum when the population is evenly distributetag
all species. The Evenness index, based on the $hann
index, varies between 0 and 1. Its value is maxindman
the population distribution is homogeneous amohgpa-
cies and is minimal when one species dominatesEvhe-
ness index indicates the level of diversity achiklg the
theoretical maximum (BLou 1969).

In order to compare seedling plant species richisessl-
ling number, cover percentage of vegetation and bail
and Shannon and Evenness indices among treatrSéums,
dent-t tests were used when the data followed anabr
law according to Lilliefors tests. When conditiomere not
normal, non-parametric Wilcoxon tests were useé. dlpha
level used in distinguishing between significand aot
significant was 0.05.

(0 < R<1) between treatments, and the significance of R All statistical analyses were performed using theoR-

(p-value < 0.05). When the p-value is significaing closer
the R value is to 1, the more the treatments dliéfied con-
versely, the closer the R value is to 0, the lbsstteat-
ments differ. Then, the contribution of species&an simi-
larity was evaluated via SIMPER analysis A€KE 1993,
CLARKE & WARWICK 2001). SIMPER analysis identifies
the species contributing most strongly to pattefrsimi-
larity among treatments. Moreover, the same matfix
similarity was ordinated using Non-metric Multi-Dém-
sional Scaling (NMDS) based on the Bray-Curtisatise
(BORCARD & al. 2011). The more similar two samples
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ware version 2. 15. 2. fE R FOUNDATION FOR STATIS-
TICAL COMPUTING 2012), with its packages for univariate
analyses, and the additional packages ade#$6EL &

al. 2004, xAY & DUFOUR 2007) and vegan ((3ANEN &

al. 2013) for multivariate analyses.

Results

Autumn 2012 seed banks: Multivariate analyses based
on the abundance data of 46 species separateartiie s
ples taken in the refuse piles from the controig,they
remain similar, as illustrated by the NMDS ordioati



Tab. 1: Characteristics of the viable seed banksutumn 2012 and spring 2013; and characterisfiteeoseedlings
identified in the field in spring 2013: samplesdakin refuse piles and in the controls. Valuesraeans + standard
errors; df corresponds to the degrees of freedbmi-wvalue (t), the W-value (W), and the p-valug rgsulting from

t tests or Wilcoxon tests to test the effect ohaaeatment on each variable. Within a row, twodsowith a different letter

are significantly different (p-value < 0.05).

Autumn 2012 seedbanks Spring 2013 seedbanks Spring 2013 field seedling analyses
Student-t | Refusepiles| control Student-t | Refusepiles| control Student-t Sieved control
tests/ tests/ tests/ refuse piles
Wilcoxon Wilcoxon Wilcoxon
Total number / 925 334 / 6 3 / 362 216
of seedlings
Mean W =9C 92.5+6.22| 33.3+6.70| df=17.66 | 1.0+0.67 | 1.05+0.77| df=9.99 | 36.2+0.75| 21.6 +3.19
number of p<0.01 a b t=-0.08 ns ns t=-1.97 ns ns
seedlings p=0.94 p =0.08
Species df=17.90 | 129+0.35| 75+0.35 | W=30 05+0.26 | 1.10+0.44| df=13.99 | 13.4+0.29| 8.3+0.53
richness t=2.88 a b p=0.1 ns ns t=-3.84 a b
p<0.01 p<0.01
Shannon df=12.17 | 0.82+0.02| 0.74 +0.04 / / / df=13.34 | 1.15+0.01| 0.87 £0.03
Index t=0.91 ns ns t=-3.64 a b
p=0.38 p<0.01
Evenness df =12.09 | 0.32+0.01| 0.37 £0.02 / / / W=27 |0.45+0.004 0.41+0.01
Index t=-1.35 ns ns p=0.09 ns ns
p=0.15
Vegetation / / / / / / df =12.93 | 61.0+4.25| 34.0+1.86
cover (%) t=-2.66 a b
p <0.05
Bare soil (%) / / / / / / df =12.93 | 36.8+3.98| 70.5+1.91
t=3.48 b a
p<0.01

with a stress coefficient of 0.18. The NMDS ordioat
also shows that floristic composition and plantyapon
distribution are more homogeneous in the treatméiht
refuse piles than in the controls (Fig. 3). The ASIM
analysis confirms this result between these twatitnents
with an R statistic of 0.58 (p = 0.001). Thus, whihere
is a difference between the samples taken fromehese
piles and controls, this difference is small. Concey the
contribution of species to mean similarity, the FIER
analysis shows the major contributors toRegrorhagia
prolifera (L.) P.W.BALL & HEYwooOD (Caryophyllaceae)
(71.9%),Medicago monspeliacf..) TRAUTV. (Fabaceae)
(69.3%),Trifolium scabruni. (Fabaceae) (66.7%#jlago
gallica L. (Poaceae) (64.1%¥ rassula tillaecalLEST.-
GARL. (Crassulaceae) (61.5%jilago vulgarisLAM. (As-
teraceae) (58.3%)Sherardia arvensid. (Rubiaceae)
(54.4%),Poa bulbosd.. (Poaceae) (50.3%gallium pari-
siensel. (Rubiaceae) (46.0%RBrachypodium distachyon
(L.) P.BEAUvV. (Poaceae) (40.8%).0bularia maritima
(L.) DEsv. (Brassicaceae) (34.098romussp. (Poaceae)
(26.999 andVulpia ciliata DUMORT. (Poaceae) (19.6%).
The mean contribution of these 13 species is 5XAp46
pendix S1, as digital supplementary material te #ti-
cle, at the journal's web pages).

In total, 1259 individuals germinated from the seed

banks, representing a total of 49 species. A wi&25
seedlings representing 36 species were identifidtie
refuse piles, while in the control samples onlptal of
334 seedlings representing 29 species were ideahtifi9
species are present only in the refuse piles anohiy3in
the control samples (Appendix S1). Mean seedling-nu

ber is roughly three times higher in the samplé&sran
refuse piles than in the controls, and mean segdfiecies
richness is roughly twice as high in this treatm&ttan-
non and Evenness indices are very low and not fsigni
cantly different (Tab. 1).

In the samples, the abundance of five specieg/isfisi
cantly higher in the refuse piles than in the coistiBro-
mussp. (Poaceae)Filago vulgarisLAM. (Asteraceae),
and Vulpia ciliata DUMORT (Poaceae) with a p-value of
less than 0.001Galium parisiensé.. (Rubiaceae) with a
p-value of less than 0.01; afiachypodium distachyon
(L.) P. BEAUV. (Poaceae) with a p-value of less than 0.05
(Appendix S1).

Spring 2013 seed banks: Very few seeds germinated
in the samples from the refuse piles protected bgquito
netting, making statistical analysis impossiblendNindi-
viduals germinated from the seed banks, represgatin
total of four species. Six seedlings representing spe-
cies (obularia maritima(L.) DESV. (Brassicaceae) were
only identified in the refuse piles protected dgnminter.
In the controls, only three seedlings, representimge
species Amaranthus albu&. (Amaranthaceae)lCrepis
vesicarialL. (Asteraceae)Diplotaxis tenuifolia(L.) DC.
(Brassicaeae), were identified (Tab. 1, Appendix S1

Spring 2013 field seedlings: No germination was iden-
tified in the few remaining refuse piles, whethestpcted
by mosquito netting or not. Only one of the tenouched
refuse piles was still intact after the winter. Ader in-
vestigation of the steppe in spring 2013 revealedun-
ther untouched refuse piles intact. Most of thegefpiles
were therefore destroyed during the winter. Neadetss,
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Fig. 4: Non-metric multidimensional scaling (NMD&}
alized on the seedling analyses between the siefade
piles (light grey) and the control (dark grey) maasl in
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the opportunity to compare seedlings emergencheset
non-expected naturally destroyed refuse piles mpari-
son with the autumn sieved refuse piles was narak
this study and then, it is not possible to exclad®ten-
tial experimental artifact of the sieving method.

216 seedlings representing 32 species were idehtifiith
five species present only in these quadrats. Segdlim-
bers and species richness are roughly twice asihitite
sieved refuse piles as in the controls, but thennmesnber
of seedlings does not significantly differ betwebase
two treatments (Tab. 1, Appendix S1).

The Shannon index is again very low but signifibant
different between the sieved refuse pile areasttadon-
trols, being significantly higher in the former yplue <
0.01). The Evenness index is also low but ther®isig-
nificant difference between the refuse piles aredabin-
trols (p-value > 0.09) (Tab. 1).

The abundance of five species is significantly bigh
the sieved refuse pile areas than in the contedsaaPoa
bulbosal. (Poaceae) with a p-value of less than 0.01; and
Euphorbia exigud._. (Euphorbiaceae}iedypnois cretica
(L.) DuM. CouRs (Asteraceae),.obularia maritima(L.)
DEesv. (Brassicaceae) arRblycarpon tetraphyllungL.) L.
(Caryophyllaceae) with a p-value of less than @A}pen-
dix S1).

Discussion

Despite being a voracious seed predatt@ssor barbarus
is often described as a good seed dispersal agehei
Mediterranean basin @RDAN & al. 1990, ETRAIN & al.
1996, CETRAIN & TASSE 2000, 3NCHEZ & al. 2006, A-
CARATE & PEC02007, ROWES & al. 2013). Consequently,
this ant could be a good partner in plant communeisgor-

Between the areas where the refuse piles weredsieveation under ecological engineeringB®T & al. 2014a),

and the control areas, multivariate analyses bageithe
abundance data of 50 species reveal high similéipy
pendix S1), as illustrated by the NMDS ordinatioithva
stress coefficient of 0.23 (Fig. 4). The ANOSIM busis
confirms this result with an R statistic of 0.1949.014).
Concerning the contribution of species to mean lami
ity, the SIMPER analysis shows the strongest duurtivis
to beFilago gallicaL. (Poaceae) (78.2%l.,inum trigy-
numL. (Linaceae) (71.0%)rifolium scabrunlL. (Faba-
ceae) (40.0%)Gallium parisiensd.. (Rubiaceae) (69.0%),
Sideritis romanal. (Lamiaceae) (66.9%%alvia verbe-
nacal. (Lamiaceae) (64.9%HMegilops ovatd.. (Poaceae)
(62.8%),Bromussp. (Poaceae) (60.5%RBrachypodium
retusum(PERS) P. BEAuv. (Poaceae) (58.1%yJifolium
subterraneuni. (Fabaceae) (55.5%$herardia arvensis
L. (Rubiaceae) (52.8%0}\juga iva(L.) SCHREB. (Lamiaceae)
(49.9%),Hypochaeris glabrd.. (Asteraceae) (46.9%),
Evax pygmeaé..) BROT. (Poaceae) (43.6%dPolycarpon
tetraphyllum(L.) L. (Caryophyllaceae) (36.1%uphorbia
exigualL. (Euphorbiaceae) (32.1%Ppa bulbosd.. (Poa-
ceae) (28.1%)ulpia ciliataDUMORT. (Poaceae) (23.4%),
Lobularia maritima(L.) DESv. (Brassicaceae) (18.6%),
andBrachypodium distachyofi..) P. BEAuv. (Poaceae)
(13.5%). The mean contribution of these 20 spéxid6.6%
(Appendix S1).

Plant percent cover is significantly higher in #eved
refuse pile areas compared with the control arfsaglént-t
test, df = 12, t = - 2.66, p < 0.05), while bard percent
cover is significantly lower (Student-t test, dfl3, t =
3.48, p <0.01) (Tab. 1).

In total, 578 individual seedlings were identified;
presenting 77 species. In the sieved refuse pdasai362
seedlings representing 45 species were identifiitl, 18
species identified only in this treatment. In tbatcol areas,
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since it appears to play a major role in the distion of
annual plant populations in Mediterranean dry deasks
(WoLFF& DEBUSSCHE1999). To confirm this seed dispers-
ing role, we assessed how the ants' refuse pilest aked
viability and dispersal in a Mediterranean dry gtasd,
taking into account their temporal dynamics oves gear.

Refuse piles are found here to have a significamt i
pact on seed composition and significantly incregseies
richness and seed density in autumn compared t@rsoi
eas of the same size without refuse piles. 73.5%ef
total seedlings counted were in the refuse pildééclwvalso
contained 14.3% more species than the areas witbfuse
piles. Our initial results thus confirm that theaaulation
of seeds is the major effect of refuse piles, ireament
with previous studies both dvlessor barbarugsee AZCA-
RATE & PECO 2007) and on other granivorous ant®gds
1985,RISSING1986,LEVEY & BYRNE 1993, MACMAHON
& al. 2000). This is to be expected, given thatienrt fol-
lows the period of peak seed production in Meditesan
dry grasslands (BURRELLY & al. 1983), and subsequent
to the peak oM. barbarusactivity there must be a maxi-
mum of seeds in the refuse pilessRDAN 1989). These
rejected seeds obviously remain viable in refulesmlur-
ing summer, since when placed in a greenhouse, gemy
minate (AZCARATE & PEC0O 2007). Besides protecting seeds
against predators and pathogensNBEY 1977,HOWE &
SMALLWOOD 1982), refuse piles may offer a good micro-
environment enhancing the survival and the gerrignat
rate of seeds (BSING1986,LEVEY & BYRNE 1993); Az-
CARATE & PECO (2007) showed that refuse piles can also
increase soll fertility.

The fact that we found seedlings to be relativeiil w
distributed among species, with proportions sinalaong
refuse piles, may explain the absence of signifidfer-



ences in species diversity. There was little défere in
species composition between the refuse piles amddh
areas without refuse piles: thirteen most stroogiytribut-
ing species accounted for 51.1% of mean similakityw-

mental methodology. The biomass proxy providedlawptp
cover and bare soil cover indicates a higher véigatden-
sity in the sieved refuse piles. These resultsraoentra-
diction to other studies, where seedling emergeraseex-

ever, species composition was more homogeneouin t tremely low and species richness decreased ingtensi

refuse piles. A large quantity of Poaceae seedpvesent
in the refuse piles, for examplaulpia ciliataandBromus
sp., annuals producing many seeds. Seeds from Buese
ceae species were certainly present in high deosity
the ant foraging area. Adessor barbaruss a generalist
granivorous species which harvests large quantfiseeds
present in great abundances(R®AIN & al. 1996), we as-
sume that the species composition reflects theigctf
workers collecting, sorting and rejecting certadeds (&X-
CARATE & PECO 2007). Thus, the significant differences
in composition, species richness, and density wado
between refuse piles and controls are likely dubecigh
concentrations in the refuse piles of seeds fraenntlost
abundant seed producers in the herbaceous plamhgom
nity, which are hereVulpia ciliata, Lobularia maritima
Poa bulbosaand Bromussp. Another explanation could
be seed selection . barbarusworkers during foraging.
The refuse piles have not only more seeds butlaiger
seeds (or larger fruits) than the controlzCARATE &

refuse piles the following spring ZEARATE & PEC02007,
MARTINEZ-DURO & al. 2010). These authors sampled re-
fuse piles which had survived the winter: They méie
assumption that seed germination was limited bytftiok-
ness of the dry matter layer therein, so that segdadi-
cles and / or hypocotyls could not reach the sull /zor the
light needed to grow (ZCARATE & PECO2007,MARTINEZ-
DURO & al. 2010). In support of this hypothesis, aniinh
bitory effect of litter on shoot emergence of snza@éded
species was previously measured iR (2005).We
therefore conclude that when refuse piles are diete
dry matter layer becomes sufficiently thin to allseed-
lings to emerge from the seeds deposited by arteine-
fuse piles. Species composition was similar betvwiben
sieved refuse piles and the controls. Indeed, tahdi-
versity and the similarity indices show that akcies were
present in relatively the same abundance and isdhe
proportions in the replicates of all samples (sikxefuse
piles and controls).

PEC02005). Consequently, small-seeded species, evam whe Our findings shed light on the role of ants' refpdes

highly abundant seed producers, may escape pradatio
ants.

Previous studies found very low seedling emergence
the persistent refuse piles ARTINEZ-DURO & al. 2010),
so it appeared interesting here to measure seegitireg-
gence after their autumn and winter natural deStmas
we try to do with an artificial destruction of thefuse piles
with sieving. In spring 2013, very few seedlingseeged
from either the protected refuse piles or the agstrin
the protected refuse piles, only two species weesgnt:
Lobularia maritimaand Sanguisorba mingrboth belong-
ing to the permanent seed bankiOMPSON& al. 1997).
Even though seed concentrations in refuse piles high,
no species with a transient seed bank were obsetieed
spite environmental conditions favorable to seatseova-
tion (accumulation of organic dry matter, protectamainst
predation and parasites, etc.). However, the oogdnj
matter of refuse piles began to degrade even thedenos-
quito netting, too thin to protect the seeds. Téediing
emergence of species with a transient seed baitkisn
ecosystem is therefore not enhanced by ants catisgu
these refuse piles.

We observed that the great majority of refuse plids
not survive the winter. The wet and windy condisidrom
autumn to spring documented for the plain of LauGray
therefore explain the marked deterioration of #fagse piles

in spatial seed distribution at a local scale irdiarane-
an dry grasslands. In autumn, worker ants harvegséat
number of seeds, especially those of the great=st-s
producing species in the herbaceous plant communtiigh
may then be discarded in refuse piles. Viable sagglthus
concentrated therein. They conserve their gerntinata-
pacity, however, only during summer and early autum
being protected against predators and pathogemsT(B
LEY 1977,HOWE & SMALLWOOD 1982). Moreover, the
refuse piles can increase soil fertilityZ&ARATE & PECO
2007) and may represent favorable microsites atgwi
seeds to pass through dispersal and abiotic fi{tevgTIE
& al. 2004).

If the refuse piles have been artificially destrdymy
sieving, the seeds can reach soil and light, gexteiand
grow, probably due to the absence or thinnessyofrdt-
ter. As a consequence, future researches needus &m
the potential impact of this artificial method iampari-
son with the impacts of natural agents such asuhace
runoff. In addition, the soil of naturally destralyeefuse
piles provides a favorable microenvironment for diegel-
opment of seeds, as previous studies showedTIRD
1988,BEATTIE 1989,DEAN & YEATON 1993, MACMAHON
& al. 2000, AZCARATE & PECO 2007). Previous studies
also showed that the whole community may be sulbgect
density-dependence regulatioro{®BERG& BARTON 1992,

(DEVAUX & al. 1983). For this reason, seedling analysisBERTNESS& CALLAWAY 1994, GOLDBERG & al. 2001,

was conducted only on areas where the refuse lpads
been artificially destroyed by sieving, imitatirtgetr na-
tural degradation as it was not possible to exihechatur-
al destruction or persistence of each marked refiles
before the winter. In these sieved refuse pilesntpspe-
cies richness and seedling density were significéangher
in spring. 62.6% of the total seedlings were founthe
sieved refuse piles, which contained 16.8% moreispe
than the controls but these results were not cosapiarthe
total seedlings of naturally destroyed refuse pildsch
then cannot exclude an artifact from the sievingezix

WHITE & al. 2001,LORTIE & TURKINGTON 2002). Higher
initial seed density can cause lower rates of segéimer-
gence (®LDBERG & BARTON 1992,LORTIE & TURKING-
TON 2002). However, in our case, seed accumulation in
refuse piles does not seem to diminish the numbseex-
lings, which was significantly higher than in thentrols.
Messor barbarugppears to be a seed dispersal agent
in Mediterranean dry grasslands at a local scdies Aar-
vester ant has a positive effect not only on sestlilou-
tion but also on seedling emergence when the @itse
piles were sieved in autumn. Thus, this ant coseld lgood
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"ecosystem engineer"@8ES& al. 1997) to assist in re-
storation programs, provided that it promotes tasiréd
species in a degraded areau(BT & al. 2014b), even
though the seed dispersal capacityvbfbarbarusis lim-
ited by its 30 m radius foraging areaERDAN 1989). As
the majority of refuse piles are naturally destayyartifi-
cial destruction of refuse piles by sieving doesappear
to be necessary to improve vegetation restoraltore-
over, the impact should be intensified by the thet the
refuse piles have a relatively high percent CORZCARATE
& PEC02003) and that their distribution changes yearly.
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