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ABSTRACT
TIAGO, Vinicius Fernandes, M.Sc., Universidade Federaligesd, Februgy, 2018.

Testing the influence of the myrmechocory on seed fate andapit establishment
Adviser: Ricardo lldefonso de Campos.

Ants are considered one of the most remarkable invatebto disperse seeds. Seed
dispersion by ants (myrmecochory) can be divided reetmain phases: i) Removal;

i) Manipulation and iii) DepositionrHowever, all three phases have never been tested
simultaneously and the contribution of each one on se#d &nd seedling
establishment remains unknown. In this purpose, our mainwas to determine
experimentally and in field conditions the separate effdceach myrmechocory
phase on the most critical plant stages: seed germiratidrseedling establishment.
We chooseas model organisms, the myrmecochous tkégbea fistuliferaand the
leaf-cutting antAtta sexdensTo simulate the effect of removal we used 30 distances
of from the closest conspecific adult tree. To test thaipulation, in each distance
we set three seed treatments levels manipulatedA.bygexdensin laboratory:
unmanipulated, non-scarified/without elaiosome, and sedfifithout elaiosome.
Finally, to test the deposition effect, we placed seednieds over and away from
ant nests. We evaluate seed germination for 90 days agithgegrowth and survival

for a year. We found that the increase in distarme the closesM. fistuliferaadult

tree decreases seed germination and increases seedling grdviiave no effect on
seedling survival. Moreover, neither the nest environmemt ant manipulation
treatments affect seed germination, seedling growth, andzalurWe experimentally
showed in field conditions the role of myrmecochorous sdistncing from
conspecific plants. Moreover, we suggest a life historylicbmin this plant, associate

to seed distancing that impairs seed germination and bernegeiatlling growth.



RESUMO
TIAGO, Vinicius Fernandes, M.Sc., Universidade Federal @®sd, fevereiro de

2018. Testando a influéncia da mirmecocoria na germinacdo de sementes @ n
estabelecimento das plantula®rientador: Ricardo lldefonso de Campos.

As formigas sdao consideradas um dos mais importantes invertebrados dispersores de
sementes. A dispersdo de sementes por formigas (mirmecocoria) pode ser dividida em
trés fases principais: 1) Remogao; ii) Manipulacao; e iii)) Deposi¢do. Contudo, essas
trés fases nunca foram testadas simultaneamente e a importancia relativa de cada uma
delas na germinacdo de sementes e estabelecimento das plantas ndo ¢ conhecida.
Dessa maneira, nosso objeto foi determinar experimentalmente e em condi¢des de
campo os efeitos separados de cada fase da mirmecocoria nos estagios mais criticos
da vida das plantas: a germinacao e o estabelecimento das plantulas. Nos escolhemos
como modelos biolégicos, a arvore mirmecocorica Mabea fistulifera ¢ a formiga
cortadeira Atta sexdens. Para simular o efeito da distancia de remog¢ao nos usamos 30
distancias diferentes das arvores de M. fistulifera mais proximas. Para testar a
manipulagcdo colocamos em cada uma dessas distancias trés tratamentos de sementes
manipuladas por A. sexdens no laboratério: ndo manipulada, ndo escarificada/sem
elaiossoma e escarificada/sem elaiossoma. Finalmente, para testar o efeito da
deposicao colocamos esses mesmo grupos de sementes perto e longe do ninho. Nos
acompanhamos a germinacdo por 90 dias e a sobrevivéncia e crescimento das
plantulas por um ano. N6s encontramos que com o aumento da distancia para a arvore
de M. fistulifera mais proxima, ha um decréscimo na germina¢do € um aumento no
crescimento das plantulas mas, a mortalidade ndo foi afetada. Além disso, ndo houve
nem efeito do ninho nem da manipulacdo das sementes pelas formigas na germinagao,
crescimento e sobrevivéncias das plantulas. Dessa forma, ndés mostramos que em

condigdes de campo o papel do distanciamento de sementes mirmecocoricas das

Vi



proximidades de plantas co-especificas. Além disso, nos sugerimos a existéncia de um
conflito na historia dessa planta, associado ao distanciamento das sementes que

prejudica a germinagdo e beneficia o crescimento das plantulas.
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INTRODUCTION

Seed dispersal is considered one of the most impatahbgical interactions
influencing plant communities and species distributioav(h et al., 2003).A great
number of plants species rely on mutualistic animalsabiagds seed dispersal agents
(van der Pijl, 1982)Animals, usually attracted by a food reward (e.g. fruit pulp and
aril), remove seeds away from the parental plant ¢erPijl, 1982) and those seeds
have great odds to reach better sites for germination stathishment (Howe &
Smallwood, 1982; Christianini & Oliveira, 2010; Schugtpal., 2010; Farji-Brener &
Werenkraut, 2017). Almost all animal groups (e.g. mammals, brasjle, and
insects) are frequentipvolved in seed dispersion (Farwig & Berens, 2012; Paeilla
al., 2012; Belloet al, 2017) Recently, more attention has been ptidthe role
invertebrates as seed dispersers (Christiaeinial, 2014), due to their high
abundance, wide distribution and also due the increasingceash rates of large
animals worldwide (Christianiret al, 2014). Among invertebrates, ants stand out as
one of the most important seed dispersers, being presemiri than 11 thousand
species of angiosperms (Giladi, 20Q&ngyel et al, 2009). Those plants have a
special lipid-rich appendix (known as elaiosome) thaaetisrants, which characterize
this as a dispersal syndrome called myrmechocory (Lenglyell, 2009). Ants
detached this appendix from seeds and use it as foodes¢(®Becvigne & Detrain,
2010).

The advantages of seed dispersion by tnfdants could be summarizéal
threeman phases (Prioet al, 2014) i) Removal (i.e., when ants take the seeds away
from where they fell}- with the increasing in distance from a conspecific fpléns
expeced an increase of the probability to be in a promising with better abiotic

condition to establish (Andersen, 1988)ecrease in seed predation and intraspecific



competition (e.g., sunlight; Giladi, 20Q6))) Manipulation (i.e., the process of
elaiosome detachment and eventually seed scarification Inyaalets inside the nest)
— however the effects of this phase are controversiatnghdeset al, 2018
submitted) some studies showed a increase in seed germinaticihea dormancy
break of seeds after being manipulated by ants (Hot8&1; Ohkawara, 2005; Leal
et al, 2007);iii) Deposition (i.e., after manipulation ants discard seedgaste piles,
generally close to tlie nest entrance) - It has been reported an increase in
performance for seeds deposited over ant nests, mainly diraptoved abiotic
conditions (e.g., temperature, moisture and light avaitgbdnd higher soil nutrient
concentration caused by the nest (Letadl, 2014a Wenny & Levey, 1998; Wenny,
2001; Farji-Brener & Werenkraut, 2017). Despite the clear iapoe of those plant
advantages promoted by myrmecocholitfle information is available about the
simultaneous effects of its phases and the interactions among them on plant
development (Christianini & Oliveira, 2010).

Even though myrmechocory is a well-studied seed dispgyadirome (Giladi,
2006; GOmez & Espadaler, 2013), its three phases have nevesibaétaneously
tested following the chronological order in the samethalbind for the same ant-plant
pair of species and, particularly in field conditionspégcially, it is hard to find
researches that empirically tests myrmecochory effacseedling establishment (but
see Giladi, 2006; Leadt al, 2014a) Furthermore, the distancing of seeds by ants
although largely related to advantages of myrmecochory totspléGoméz &
Espadaler 2013), its effects on seed germination and plaattlissment was barely
tested for myrmecochouos seeds (but see Handel, 1976).

Here we an to determine- experimentally and in field conditisr- the effect

of the three myrmechocory phases (seed raakNstance, manipulation, and



deposition) on the two most critical plant stages: sgednination and seedling
establishment. Specifically, we aim test the hypothesis ¢lach one of the three
myrmecochory phases has an individual and positive catibibto seed fate and
plant establishment. Furthermore, we want to understandegbleamisms involved in
each phase measuring abiotic conditions (light incidence).

For this purpose, aused as biological study models thgrmecochorous tree
Mabea fistulifera Mart. (Euphorbiacegeand the leaf-cutting anté\tta sexdens
rubropilosa Forel, 1908(Hymenoptera: Formicidae). This pair of species shage t
same kind of halsit (Wirth et al, 2007 Lorenzi, 2000), have a widespread and joint
distribution (Lorenzi, 2000Antweb, 2018), and are known to present the three

myrmecochory phases (Peternetiial, 2009).

METHODS
Study site

We conducted this study in a fragmentacfecondary semi-deciduous Atlantic
Forest (11 ha) in regeneration since the 0E97This area is managed by the
Engineering Department, from Federal University of VicdkV) and it is located
inside UFV campun Vigosa, Minas Gerais State, Brazil (20°46'40"S-42°5227"W).
The climate in this area has a cold and dry season (#p8eptember) followed by
warm and humid summer (October to March), classified a$% @ccordingto
Kboperis classification (Peedt al, 2007). It has an average temperature of 19°C and
the annual rainfall varies from 1,300 to 1,400 mm per yeavg8il al, 2010). The

soil predominant is Distrofic Red Yellow Latosol (Filomestal., 2016)



Studied species

Mabea fistuliferais a pioneer Euphorbiaceae tree with broad distributiaail in
Brazil, being commonly found in forest borders and earlys@ary growth forest
(Lorenzi, 2000). Moreover, the Euphorbiaceae family is orfe the most
representative plant families in Brazil and in the and Ngatal region (Carvalho &
Ribeiro, 2018). It is also among the most important famifhere the myrmecochory
evolved (Lengyekt al, 2009). As others myrmecochorous plamds,fistulifera has
globular seeds with an oleaginous appendix (elaiosott@ghed to its upper part.
The elaiosome is a nutritious lipid-rich appendage thatttractive to many ant
species, including leaf-cutting ants (Peterretlial, 2004, 2008)

Atta sexdens rubropilos& a leaf-cutting ant with large colony size, with
millions of ants and several nest entrances (HolldobleVilkon, 1990). They are one
of the most widespread leaf-cutting ants, being found fvtaxico down to Paraguay,
and it is present almost all Brazil (Antweb, 2018). This species inhabits open
areas, forest borders, secondary growth forests and digherbed habitats. They use
fresh leaves to cultivate their symbiotic fungus teaised as the main food source.
However, they can also use other plant parts as ssedss, and flowers as fungus
subtract (Holldobler & Wilson, 1990). It is well recorded thatsafrom the genus
Atta are able to carry a large humber of myrmecochorous sedtsir nests (Leadt
al., 2014a; Farji-Brener & Werenkraut, 2015). In the nests, those are able to
detach the elaiosomes frolh. fistulifera and even scarify seed coat of some seeds

(Fernandes, unpublished data, Letahl, 2009)



Nests and trees mapping

Inside our study site and durinyl. fistulifera fruit maturation period
(September 2016), we actively searchedAoisexdensiest entrances, which had at
least oneM. fistulifera seed without elaiosome (manipulated) nearby (less than 30
cm). We considered that ants carry those seeds tortstis Just after, we couet
the number of manipulated seeds around each nest entranmed all seeds, and
measured the entrance distance from the cldde§stuliferatree we found. Finally,
we tagged the nest using a numbered flag and recordeddlogiraphical coordinates
to help in the posterior location and nest identificatidfter 45 days of mapping, we

marked 125 nest entrances.

Experimental seed preparation

In order to prepare the seeds to be used in the field experimve hand-
collected unripe fruits ofM. fistulifera from 20 trees from a single population in the
same fragment of secondary semi-deciduous Atlantic F@Begtember 2016). After
that, we placed the collected fruits under direct sunlfightmaturation and seed
release during seven days.

Since one of our aims is to measure the effect of atipulation on seed
fate, we offered 508eeds oM. fistuliferato five mature colonies d&. sexdengept
in laboratory conditions for more than five years (108dseper colony). After 48
hours we colle@d all seeds that were discarded by ants outside the fuilngusber
and classified them according their physical condition: i) seeds without elaiosome
and non-scarified oii) seeds without elaiosome and scarified. Seeds thatvitill
their elaiosome attached were discarded. We set up astgwad group (control) by

taking unmanipulated seeds from the same seed sampling gHyuiThen, we



maintained the seeds from those three groups refrigeaat88C for one month to

preserve seed viability (Lorenzi, 2000), until we set up #ld &xperiment.

Unmanipulated Non-scarifed Scarified
(Control) Elaiosome detached Elaiosome detached

Figure 1- Seed manipulation treatmentshMébea fistuliferaused in our field experiment. Excepting
the unmanipulated control group, all seed were manipulatgtiebieaf-cutting anfAtta sexdensn
laboratory conditions. The arrow shows the elaiosthragstill attached to unmanipulated seeds.

Field experimental design

We set 30 sampling stations, each one composed bWorfistulifera tree,
one nest entrance and six seed depots with one paied$ sach, where three seed
depots were “over” ant nest entrance and three grouped “away” from ant nest entrance
(Figure 2).

To determine the place of each sampling stations we usednt3Meat
entrances with different distances from the clo$ésfistuliferatree raffled from all
entrances previously markeN=£125). The different distances allowed us to analyze
the effect of distance from the closest conspeciée ton seed germination and
seedling establishment. Around each of these 30 nest esdrétls cm distant), we
placed on the ground three pairs of seeds (seed depotg)isimat 15 cm one each
other (Figure 2).

To quantify the effect of seed manipulation on seed gerimmand seedling
establishment, each seed depot belonged to one ant maaipuledatment: i)
unmanipulated seeds with elaiosome attached and non-scaddietiof); ii) seeds

without elaiosome and non-scarified (N), and ii)) se&dthout elaiosome and
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scarified (S) (Figure 2). This number of six seeds aroactl aest aims to match the
natural average number of seeds we found during the nesingagage of this work.
We took all seed treatments described above (control, Mn&)put them in pairs
inside an isolation, consisting of a PVC tube (15 cm heigltb cm diameter) buried
5 cm deep in soil and surroundedthgglefoot ®to allow seed germination, avoiding
removal by ants

Finally, to measure the influence of the nest environmergeed germination
and seedling establishment, we placed another three pairedd §a exactly the
same manner) on the ground, two meters from the nésinea but at the same

distance from the closeBt. fistuliferatree (Figure 2)

Seed depot —>@
®F.m
from ant nest

Mabea fistulifera
tree
__ Over
proae . ant nest
S- Scarified 4X
N- Non-scarified _
C- Control (unmanipulated) Atta sexdens nest

Figure 2: Schematic representation of a sampling station desigph tostest the effect of conspecific
tree distance, ant manipulation and nest environmestet fate and seedling establishment as follow:
tree distance X represent the distance of ant nest entrance taltisestMabea fistuliferatree; ant
manipulation each seed depot (open circles) was composed by one folltvéng seed treatments:
S two scarified seeds without elaiosoné; two non-scarified seeds without elaiosome &hd
unmanipulated seeds, non-scarifed and with elaiosome (Coresth pair of seeds was protected
from ant removal by a PVC tube (open circles, 15 cm heidtd cm diameter). Finally, for theest
environmentwe placed six pair of seeds the ground: three placed “over” (15 cm) and three “away”

(2 m) from the nest entrance, but both groups at the sstaeck from the closest tree.



We count the number of seed that germinated (sproutirefafle) in each
seed depot every two days for 90 days. In other to medsureitnber of seedling
that germinated and remains alive on the end of germinaigve count the
number of live seedlings on the'®@ay from the beginning of the experiment. This
groupof seedlings will be hereafter called “young seedlings”. After finished the
germination trial, we removed the PVC protection to perroaraplete access to the
seedlings (e.g., herbivore§ye followed those seedlings during other 12 months,
every 15 days, counting the number of live seedlings in @epbt and measure their
heights (distance from base to its higher apical apeng.seedling after the removal
of PVC protectios will be hereafter called “old seedlings”.

To calculate the old seedlings growth rate (cm/day) we usddrinela: GR
= (Hfinal - Hinitial)/t, where Hfinal is height measuredtbie last day before plants
died or the end of the experiment, Hinitial is height soeed on the first day, and t is
time in days of the last measurement. We did not densieedlings that die before

the second height measurement (i.e. 15 days after réoioR&C protections).

Light incidence

In order to measure the influence of an abiotic factor ¢hatd affect seed
fate and seedling establishment, we indirectly measurdighe incidence by the
proportion of canopy openness over the seed depots. Inptinmse, we took
hemispherical photographs under each group of three spets (& “near” and 30
“far” from nest entrance, n = 60), at a standardized height of Im from the groundWe
took these pictures around sunrise when the sky was oveWwastised an Fc-E9
fisheye adapter lens mounted on a Nikon Coolpix 5700 cameekécthe pictures
Then, we analyze the images in Gap Light Analyzer soft{farazeret al, 1999)

and we used the percentage canopy openness to estimate/agability.



Statistical Analyses

To test whether seed germination, young seedling survival Ehdeedling
survival differs according to i) distance from closkktfistulifera tree (meters), ii)
influence of the nest (over ant nest and away fronmestf), and iii) ant manipulation
treatments (scarified, non-scarified and unmanipulated)useel three Generalized
Linear Mixed Models (GLMM) with a binomial distributiofiVe set distance from the
closest tree, ant manipulation treatments, and influefidfie nest as explanatory
variables and the proportion of germinated seeds, young seadliviyal and old
seedling survival on each seed depot as the response vanablesnsidered as the
random effect the group of three seed depots that weredplagether (see Figure 2;
Crawley, 2013)

To test the effect of distance from the closest ttagggorical distance from ant
nest entrance, and ant manipulation treatments orsé¢kdling growth rate, we
conducted a Linear Mixed-Effect Models (LME). We setsthdhree variables as
explanatory variables, seedling growth rates as the mespa@riable, and the group of
three seed depots placed over and away from nest entrathe eandom effect
(Crawley, 2013). To correct for heteroscedasticity and mmmality, we applied
square-root transformations to the growth rate.

Finally, to evaluate if the light availability is difiemt according to nest distance
and distance from the closeMt. fistulifera tree, we performed an Analysis of
covariance (ANCOVA)We set the percentage of canopy openness in each group of
tree seed depots as the response varittidedistance from the nest as predictor, and
distance from the closeBt. fistuliferatree as covariate

We conducted all analyzes in the software R (R CorenT2@15). We also

analyzed the residuals and checked for model suitability maaels. We graphically



examined model assumptions, including normality of errors amdobeneity of
variances. We used thene4 package v 1.1-12 (Batest al., 2016) to build the
models We access the global model valugsGLMM’s using a type Il Wald Chi
tests, and for LME model we used a type lll Wald F tegte Kenward-Roger
degrees of freedom approximation. In both cases, we usaixha package v 1.2.3
(Liland , 2018). We also used a backward model selection agprusing likelihood

ratio to determine the simplest fitted models.

RESULTS

Nests, seeds and trees distribution in the field

We found 125Atta sexdensnest entrances with manipulated seeds. The
average distance between the nest and the cldaisea fistliferatree was 3.89
meters and ranged from 0.40 to 12.45, being 84.4% located withifirdsh 6 meters
(Figure 3. A. sexdenss able to carry similar amount of seeds independent t@intis
(F1,12=0.384, p=0.54; 5.98+0.59 seeds; mean£SE: Figure 3). We found in a unique
ant nest entrance a maximum of 898 manipulated seeds. Weeekthis and another
ant nest entrance (with 126 seeds) because theirvaassiount of seeds that affect
drastically the average. Furthermore, the removing oftttisant nest entrances did
not affect the significance of the number of carrieedseaccording to the distance

from the closest tre@1 13 = 0.49, p=0.48).
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Figure 3. The frequency distribution ohtta sexdensest entrances with at least one manipulated
Mabea fistuliferaaccordingo their distance from the closédt fistuliferatree.

Seed germination

From the total of 360 seeds (deposited in the 180 seed depthis)deginning
of the experiment, 107 germinated (29.72%) in 97 seed depetfound a negative
relationship between distance froM. fistulifera tree and the Proportion of
germinated seed$\Maldy ? (1, N = 180) = 9.54, p = 0.02; figure 4). However, there
was no difference between seeds deposited over or awayHeonest\(Valdy 2 (1, N
= 180) = 0.45, p = 0.49; mean proportion of germinated seeds: & =
29.44+3.43%; away from nest 28.89+3.53%), as well as no difference on seed
germination among the three ant manipulation treatmefed(y* (2, N= 180) =
2.29, p = 0.31; mean proportion of germinated seedsianipulated= 27.5+4.01%
scarified= 29.16+3.99%non-scarified= 30.83+4.76). Finally, the interaction among
the three variables or between pairs of variables wasignificant(y 2 (2, N = 180x

2.21, p > 0.33).
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Figure 4: Proportion of germinated seeds in each seed depot accordiaglistance from the closest
Mabea fistuliferatree. The colors represent differekita sexdengnanipulation treatments on seeds
and the circle filling the distance of seeds frAnmsexdensest. The black curve shows the germination
tendency.

Young seedlings

From all 107 germinated seed&g seedlings (15% of sowing seeds) were alive
after 3 months (the moment when we removed the PVC pimtgdNVe did not find
any effect of distance from the closéat fistuliferatree aldy 2 (1, N=97)=0.51,
p = 0.47), ant nest environmentéld x 2 (1, N = 97) = 1.42, p = 0.23), and ant
manipulation treatmentd\ald y 2 (2, N= 97) = 4.82, p = 0.08) on the proportion of
young seedling survivalAlso, the interaction among the three variables or batwe

pairs of variables was not significam/éldy 2 (2, N = 97)< 3.31 p> 0.19.

Old seedlings

From the 54 young seedlings, 23 remained alive (old seedlings)oaft year
since we removed the PVC protection (which represents 6.3BtBe nitial sowing
seeds) We did not find any significant effect of the three variahle analyzed for
seedling mortality on the 360 days of experiment: Distancen fthe closestM.
fistulifera tree Yvaldy 2 (1, N= 49)= 0.39, p=0.52), distance from ant n&gald y 2
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(1, N= 49)= 0.25, p=0.61), and ant manipulation treatmemaldy 2 (2, N= 49)=
1.31, p=0.52). Furthermore, the interaction among the tlaeables or between pairs

of variables was not significaritM@ldy 2 (2, N= 49)< 1.75, p>0.37).

Seedling growth

The seedlings height ranged from 1.5 cm to 14.5 cm on tpearbeg of the
growth measurement and from 1.5 cm to Séhdbwhen we last measured them (i.e.
either on the 360 day or just before they died). We found a positive r@istiip
between daily growth rate and the distance from the cldsefstuliferatree (k, 7=
5.83, p=0.02, Ry= 0.3; figure 5). However, we found no difference on seedlings
growth rate between from the treatments over and away fint nestgFi, 35 =
0.0004, p= 0.94; over nest = 0.02+0.005 cm/day; away from nest = (003z0.
cm/day) neither among ant manipulation treatments, §FE2.26, p= 0.11;
unmanipulated=0.03£0.006 cm/day; scarified= 0.03£0.007 cm/day; non-scarified=

0.02+0.002 cm/day).
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Figure 5: Daily growth rate (cm/day) dflabea fistuliferaseedling according to its distance from the
closest co-specific tree. The colors representréiffeAtta sexdensnanipulation treatments on seeds
and the circle filling the distance of seeds frémsexdensest. The dashed slope shows the Growth
rate tendency.
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Canopy openness

The canopy openness above each group of three seed dapatpdsitive
relationship with distance froM. fistuliferatree (F, s6= 44.27, p<0.001, &= 0.43;
figure 6). There was no difference on light incidence ating to the distance from
ant nest (Es6= 0.39, p=0.53; over nest = 31.91+1.54% ; away from nest =

32.92+1.46%).
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Figure 6. Percentage of canopy openness in each of the 60 expailimpeirits accordingo their
distance from the closedfabea fistuliferatree. The circle filling shows the distance frone fita
sexdensest entrance. The dashed slope shows the percentzgeopl/ openness in each point.

DISCUSSION

We experimentally demonstrate hehat distance from the closest conspecific
tree is an important driver influencing seed germinationmant growth while seed
manipulation by ants (elaiosome removal and scarifioatand nest environment
(over and away the nest) were not importive showed that as the distance from the
nearest adult tree increases, there is a decieased germination b@n increasen
seedling daily growth rateThereby, we suggest that myrmecochory might be

promoting the so-called seed-seedling conflict (Schupp 1995), werste of seed
14



deposition impairs seed germination but increase seedlingisstaent. Furthermore
according to our datghese contrasting effecsem to be mainly driven by light
availability.

Seed removal distanég one of the most common mechanisms considered in
studies of myrmechocory (revision in Gémez & Espadaler, 204Bjost all studies
consider the increase in distance from parental gasttive to plants (Gémez and
Espadaler, 2013). However, those studies based their argumentthe great
diversification of myrmecochorous plants lineages, wisclikely to be promoted by
a combination of factors such as decrease of paremdlisg competition, predation
avoidance and increase in site suitability (Andersen, 1988d,B2001; Lengyeét
al., 2009; Lealet al, 2015) In fact, empirical data about the effect of distance from
parental plant on seed germination and seedling growth whetpchrous species is
almost absent. From our knowledge, it was only empiricaltete once in a
greenhouse condition by Handel (1976), that showed an increagewt of Carex
pedunculata(cyperaceae) seedlings when growing away from the parplaat.
What we demonstrated that the effects of distance from adult tresae conflicting
between less germination and faster growathleast for a pioneer tree dispersed by
leaf-cutting antsThis is a typical example of seed-seedling conflidien different
life history stages could have agomustievelopment requirements, ending in a life
history conflict of phases (Schupp 1995).

We propose that the seed-seedling conflict found iserginly influenced by
sunlight incidence. First, high sunlight incidence is resiamsto increasein
temperature and decreasehumdity (Tymenet al, 2017) that can affect directly the
capacity of seeds to germinate (Lesl al, 2014a). SecondM. fistulifera is a

heliophilous species, so it is expected thatincrease in sunlight favors its growth
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rate. In this way, parental plants can have a nursingctefin seed germination
because trees crown shadow decreases sunlight incidence,cohidhincrease seed
germination suitability Otherwise, the tree crown shadow decreases the light
availability to seedling, impairing its growth. Consequentiailymight affect the
future plant productivity and even the probability of survivalmaturity (Schupp,
1995). However, especially for our studied species, this lgsiv@nt must be taken
carefully since we found no effect of distance to parertaltpn seed and seedling
survival after a year.

Elaiosome detachment or seed scarification did nectBeed germination,
seedling growth, and survival of seedlings in field conditiondatt, the effects of
ant manipulation on seeds remain very controversihlsaem to depend on the pair
of ant-plant species interacting considered (Fernaatiat 2018 submittedGiladi,
2006; Imbert, 2006; Lea¢t al, 2007; Prioret al, 2014). The effects of seed
manipulation by ants on seed fate have been overlookedaspehen considering
natural conditions where other factors might be momportant than the ant
manipulation per se (e.g., such as water availability, teatype, luminosity and soil
guality). In addition, the scarification is usually asated to either embryo damage
which decreases seed germination (Zetteal, 2001) Based on our results we show
that A. sexdensnts do not compromise seed viability by damage the embryagduri
manipulation. Thus, this ant specie cannot be considered/grans.

Regarding ant deposition effects, our results contratst the most recent
meta-analyses that found a higher plant growth ovenesis when compared seed
deposited far from nests (Farji-Brener & Werenkraut, 2@03,7) We propose here
thatA. sexdensest environment does not exercise any influemseed and seedling

performance for two main reasons. Hysthe soil nutrient content comparing the
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sites over and away nest entrance could be similar (Mieaetal, 2013; Farji-
Brener & Werenkraut, 2015) but unfortunately we did not meagun the present
paper Secondly, it is known that some plant species hafverelit responses to soil
nutrients availability (Farji-Breneet al, 2010). M. fistulifera is adapted to poor
nutrient soil and high sunlight availability (Lorenzi, 200@)daso far might be less
influenced by soil nutrient conterloreover, we also showed that sexdens does
not seem to act as herbivoreMf fistulifera seedlings because the seedling mortality
on ant nest-surroundings and away did not differ. Howaverrecord five seedlings
(1 over ant nest and 4 away from ant nest) that seemedctmnbamed by defoliator
herbivores but we were not able to infer the herbivoresiigient

This is the first study to test in field condition théeet of myrmecochorous
seed distancing from a conspecific adult plant on seedafadeplant establishment
Our results helps on the understand of the effectseaf samoval distances by ants, a
well study part of myrmecochory but with a lack of empirgapport to theieffects
on seed fate and plant development. Furthermore, we dhthaeé the increases of
distance from a conspecific plant characterize a seedling conflict, being negative
for seed germination and positive for seedling growth. Howetece we are not able
to determine here the overall effect &f sexdenson M. fistulifera fitness or
population growth we suggest this subject for future studies. ¥invedl showed that
for our systemA. sexdenslo not act nor as a graoivneither as seedling herbivore
This associate to its large colonies and broad occurreage this ant species an

important agent of seed dispersion.
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