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Symbiotic relationships between silverfish (Zygento Lepismatidae, Nicoletiidae) and
ants (Hymenoptera: Formicidae) in the Western Rattéie. A quantitative analysis of
data from Spain

Rafael MOLERO-BALTANAS, Carmen BCH DE RocCA, Alberto TiINAUT, José [z PEREZ & Miguel GAJU-RICART

Abstract

A large dataset of various associations betwegerréigh (order Zygentoma) and Formicidae is presginthis was ob-

tained from samples collected across continentainSgssociations have been detected in 693 ams né44 different

genera of Formicidae, hosting two species of Zygeat belonging to the family Nicoletiidae (subfamilielurinae)

and 17 species of Lepismatidae (subfamily Lepisnaat). A high diversity of interactions has beennfibuOverall,

157 different associations (species of Zygentorspeeies of Formicidae) have been recorded. Congpatindata with
v the existent literature, 41 of these pairs arentepchere for the first time.

A quantitative criterion is being followed to cl#gsaxa of Spanish Zygentoma occurring in ant sediccording to
their obligateness, three groups are distinguiskedomyrmecophiles, occasional and strict myrmeitepland, in the
latter, at least two degrees of host specificigneralist and specialist species. A cladogram ah&h Lepismatinae
places specialist silverfish as the more apomorfatxa.

Moreover, the number and type of guest specidseofitost frequent ant genera and the number ofichdils and species
per nest have been compared and the Zygentomadtdamiquantitative network has been analysed. olasion, more
than one mode of association occurs between Zygentmd Formicidae in the Western Palaearctic. Né#dwessor
ForeL, 1890 host a lot of species of silverfish, moswbich are specialists that have likely developétgher level

of integration and are far from strict parasitesseécond group of associations is represented bgralesommon ant
genera such @&amponotudAYR, 1861, of-ormica LINNAEUS, 1758, which mostly host a few species of myrmeco-
philous Zygentoma (those that are considered gkstsjaThe position oAphaenogasteMAYR, 1853, is intermediate
between these two opposite groups. In the lattergneups, silverfish are likely parasites.

Key words: Zygentoma, Lepismatidae, Thysanura, Formicidagnragophiles, symbiotic relationships, Western Ralae
arctic, Spain.
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Introduction

It is generally known that several species of disie (Zyg- only species of the subfamily Atelurinae are uguasiso-
entoma = Thysanura s. str.) live in associatiorhwitt  ciated with ants or termitesABLT 1963, KSTNER 1982).
colonies (WASMANN 1894, WHEELER 1910, WLsSON 1975).  Compared with tropical regions, the diversity ofe/At
Already in the 18 century, the silverfish-ant association urinae in the Palaearctic is very poor; only twaee
was documenteditelura formicariaHEYDEN, 1855 was  are widespreadAtelura HEYDEN, 1855 andProatelurina
the first species of myrmecophilous Zygentoma thas PAcCLT, 1963, both of them represented by one species in
described on the basis of specimens that were faithd ~ Spain. On the other hand, several species of Lepidas
ants, specifically witiTetramorium caespiturflLINNAEUS, are reported to live with antsA®.1 1967, MENDES 1987),
1758). most of them belonging to three subfamilies: Mipi¢e
Two families of silverfish include myrmecophiloyzes =~ matinae, Acrotelsatinae and Lepismatinae. The fast
cies: Nicoletiidae and Lepismatidae. Inside thstfane, centred in America and two of its genePa@lepismina



Tab. 1: Classification of Zygentoma in terms ofitlessociation with ants. Thw groups inreENDES (1987) are com-
pared to the groups that are established in thikwsing quantitative criteria. The criteria of otlassification are
given in the Table, with the criteria of Mendesrgedescribed in the text.

Mendes' groups

New groups

Quantitative criterion used

Biological characteristics of the grouj

a. Xenomyrmecophile

s A. Xenomyrmecoph

il&$he absence of associati
with ants is significant in
binomial tes

afound in ant nests rarely.

phese species live in different habitats but they 3

B. Occasional (or facu

tative) myrmecophiles

in a binomial test.

-Both absence and preser
with ants are not significan

dency to live inside ant nests, but they can bedo
often without relation with ants. When living with
ants, they usually do not show preference for one
genus (they can be considered as generz

@ehis group includes species with a more marked ten-

C. Strict
myrmecophiles
(=Myrmecophiles

test

The association with ants
is significant in a binomia

These species live usually inside ant nests and
velop ethologic and morphologic adaptations to |
with ants

de-
ve

b. Panmyrmecophiles

C.1. Generalists

The percenffaggsoci-
ations with any genus of

total interactions that are
registered for the speci

ants is less than 70% of th

¢hey live with many ant genera (but not with all o
them, as suggested by the denomination "panmy
mecophiles™

These species are strict myrmecophiles, but do not
show a marked preference for one genus of ants;

f
r-

¢. Symphiles

C.2. Specialists

The percentage otiss

of the total associations

tions with only one genus
of ants is greater than 709

D These species are strict myrmecophiles, show a ¢
preference for a genus of ants, and live always
onearly always in the nests of one genus. The ter

lea
or
m

species.

that are registered for the

"Symphiles" is not adequate because, accordin
Wasmann's criteria (ASMANN 1894), it implies a
concrete type of association that does not mattth
the silverfish establishment with at

g to

i

Fig. 1: An interaction of &essor structomworker facing
the silverfishNeoasterolepisma spectabile frequent guest

Iberian Peninsula (FMLERO-BALTANAS & al. 2002). Be-
cause the relationship of Lepismatinae with antsbeen
poorly studied, this paper gives a greater empluasthis
group (Fig. 1).

The information provided in the literature aboug th
biological aspects of the relationship between antssil-
verfish is scant. A lot of species are rarely répdmwith
ants, and in these cases, nothing can be conchidtdthe
scarce data available,BMDES (1987) established a classi-
fication of Zygentoma species depending on thdigate-
ness and host specificity, distinguishing threeugsoof
Zygentoma: "Xenomyrmécophiles" (or "Myrmecoxenes",
i.e., usually absent from ant nests), "Panmyrméitegh
or "Myrmécophiles s.I." (i.e., usually found withta be-
longing to any taxon) and "Symphiles". Inside thtdr
group, which includes host-specific species, Meretab-
lished several subdivisions according to the amtigwvith
which they are associated. This classification based on
qualitative considerations and supported by a dirte

in Messomests, with no evidence of aggressive behaviouited number of samples and observations. Althougth d

by the ant. Photograph by R. Molero-Baltanas, abthin
Lucena (Cérdoba), Spain.

SILVESTRI, 1940 andVirolepismaSILVESTRI, 1938) are
usually found with ants. This is also the casehef de-
serticolous genukepisminaGERVAIS, 1844 (subfamily
Acrotelsatinae). However, most references in tiegdture
correspond to Lepismatinae, with more than 30 sgeai
myrmecophiles. Lepismatinae associated with antg ha
been found in the Afrotropical Region and in thepyp
studied Oriental and East Palaearctic RegionsNiS
1988); they are well represented in the Meditemart®sin
and are particularly diverse in Spain, with 18 sg®t the

108

rived from Mendes' classification, the division posed
in this work is based on quantitative criteria atistin-
guishes the following groups: true xenomyrmecoghibe-
casional myrmecophiles and strict myrmecophilesidie
this last group, there are generalist and spetigiscies.
The correspondence between Mendes' groups anamdirs
the criteria for this classification are preseritedable 1.
From the point of view of the type of these associa

tions, several classifications have been proposgch as
the classical division made byASMANN (1894) and fol-
lowed by BERNARD (1968) or those presented byl\BON
(1975) and LLDOBLER & WILSON (1990). Summarising
the categories presented by these authors, weistm-d



guish mutualism, in which both members benefitpfro
antagonistic relationships (predation or parasitisfm
intermediate category, commensalism, can be crdated
those guests that do not harm or benefit the bioiwever,
some associations do not fit completely in anyhef ¢at-
egories and a special one must be created fortizydar
relationship (lE MASNE 1994).

Concerning the biology of myrmecophilous Zygentoma,
most of the information found in the literatureéstricted
to the taxon of the ants which silverfish are aisged with.
The scarce concrete information available haddesbime
authors considering silverfish to be either pagasitr com-
mensals.

The option of parasitism is supported by the observ
tions of ANET (1896) and WITE & al. (2009), based on
species of the subfamily Atelurinae: the EuropAseiura
formicaria with Lasius umbratugNYLANDER, 1846) and
the MalaysiarMalayateluraponerophilaMENDES VON
BEEREN& WITTE, 2011, withLeptogenys distinguenda
(EmMERY, 1887). Both authors reported that these silverfis
rob the ants of part of the nutritional drops ttiety ex-
change and avoid the aggression of ants by escgpiokr
ly (Atelura) or by using imperfect chemical camouflage
(Malayatelurg.

In contrast, the observations of RENMEYER (1963)
on another Atelurinae, the Americanichatelura manni
(CAUDELL, 1925) withEcitonspp. LATREILLE, 1804, sug-
gest that at least in some cases, some silverdfigtl de-
have as commensals or even provide some servicths to
colony. WILSON (1975) considered that silverfish would
be considered commensals, designating their rekttip
"nest commensalism". Moreoven \&sTRrI (1912), RCLT
(1956), BERNARD (1968) and MNDES (1987) agree with
this hypothesis and even the possibility of emeyginu-
tualistic associations, but do not support thisweixperi-
mental evidence, so antagonism is currently assasdide
most likely option "by default".

mode of interaction (interpreted as commensalismuar
tualism?). Presenting and analysing the networkepat
of the associations between Zygentoma and antpan$S
can clarify the aforementioned question and prosichet-
work pattern that can be compared with other egosdg
networks.

Material and methods

Three groups of data are considered in this wolnle. first
group comes from the literature referring to siligérants
associations in the West-Palaearctic region, incty@25
reports. Only those works performed by Zygentonetisp
alists have been considered (a lot of misidentiiftoces
have been detected in the remaining papers). Afltstese
works is presented in the references section ofeAgjx
S1 (as digital supplementary material to this katiat the
journal's web pages); from these, we have accouwnribd
those reports where ants were identified. Thesartepave
not been used to add their data to our quantitainadysis
because they are not comparable in terms of sagnpiéth-
ods; however, they are used to support our cormigsi

A second group of data includes published data from
our own samplings in continental Spain and the &#&e
Islands (reported in papers detailed in Tabs. S81.73
in Appendix S1).

Finally, a third group includes unpublished datanir
our own samplings in the same territory; this stiluse
data comes from an unpublished PhD thesis by ottgeof
authors (R.M.B.) and are treated here as new dathde-
tailed in Appendix S1). The two latter groups ofadare
now joined together to form a dataset that is Used
quantitative analysis.

The three groups of data are considered togethgp-n
pendix S1 (Tabs. S1.1 to S1.73) and in some péittseo
Discussion section to generalise our conclusions.

Our sampling scheme includes more than 1000 locali-
ties and several thousands of ant colonies, honuagbn

As each of the aforementioned authors proposed onlgovering all regions of Spain; for a map, seelFRO-

one type of relationship, none of them raised thesibility
that, as myrmecophilous Zygentoma and ants aresgive
groups with diverse biology, there could be diffénmodes
of association. However, during a sampling of sifiet
fauna performed across the Spanish territory @arout
mainly during the period 1986 - 1994 for the "Falié
rica" Project), we noticed that this hypothesis|dooe
confirmed. An important dataset of all the myrmdutmus
silverfish of the Spanish fauna was obtained, ahgws
to perform an extensive analysis. The first taafethis
analysis is identifying which Zygentoma-Formicidesso-
ciations occur in Spain and compare this infornmatidth
previously published data to determine which omes a
reported for the first time. After this, we aimatassify
Zygentoma species in relation to their associatidth
ants (degree of myrmecophily and host specifictythe
basis of a quantitative criterion, distinguishiregveeen oc-
casional and strict myrmecophiles and, within tirisup,
to identify generalist and specialist taxa. We a@gend to
check whether these groups correspond with monepbyl
clusters in order to glimpse how myrmecophily eealv
inside West-Palaearctic Lepismatinae. Moreovergtran-
titative analysis of this dataset is used to disicrate wheth-
er all the ant-silverfish associations in Spainsinglar (all
considered as parasitism?) or if there is more thaa

BALTANAS & al. (2002). The sampling was carried out to
identify all of the taxa of silverfish of the Spahifauna
from all of the habitats where they can occur. &#uos
reason, all types of habitats were examined, inatudnt
nests. Silverfish were mostly found under stonesakso
in vegetal debris, trunks of trees, human dwellingses,
soil, etc. Habitats with different ecological catimtis and
different anthropogenic modification intensitiesra/én-
spected (urban environments, agroecosystems, duboch
ous oak-trees and introduced pine forests, senmshrisb-
land, plains, mountains, etc.). All of the samplings
performed by the same individual, taking the saime t
(1 hour) in each locality; although performed ihssda-
sons of the year, the experience suggested coatiewtr
the efforts in the Northern parts of Spain durihg per-
iod from May to September.

Most samples were obtained more than 20 years ago,
but the ecological conditions have not significatianged
(R. Molero-Baltanas, unpubl.) and, with regardh®e aims
of this work, the results of the samples are repredive
of the present situation.

In each site, myrmecophilous silverfish were usuall
found under stones that cover ant nests and weighta
with an aspirator together with some worker antshef
same nest. When the number of silverfish was higtas
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Tab. 2: Detailed data registered in Spain on thgeAjoma-Formicidae association. Data corresportdeimumber of
nests of each genus of ants where each specigggehibma was found (834 associations in 677 nestsensilverfish
were identified at species level are accounted} iBha synthesis of Table S2.1 given in Appendix&ter grouping data
of each genus of ants. Acronyms of Zygentoma spesge Table 4. Abbreviations of ant genera: Agthaenogaster.
Bot: Bothriomyrmex Cam:CamponotusCre: CrematogasterfFor: Formica Las:Lasius.Lin: LinepithemaMes:Messor
Phe:Pheidole Pla: Plagiolepis Tap: Tapinoma.Tem: TemnothoraxTet: Tetramorium N: Total number of associations
for each row (ant genus) or column (Zygentoma ssci

Zygentome

Av | Pp | Lb | Lc | Ls | Nb | Ncr | Ncu | Nd | Nf | Ng | Nh | NI | Np [ Nsc| Nsg | Nw | Ta | Ti N

Aph 2| 18 1 1 2 0 1 1¢ 6 1 0| 13 1 6 Q 3 3 0 0| 77
Bot 0 1 0] 1 0 0 0] 0] 0 0] 0] 0 0 0] 0] 0 0] 0 0] 2
Carnr 2| 37 0] 1 0 0 1 37 1 0] 0] 1 2 3 0] 2 5 0 2| 9
Ca 0 1 Q Q 0 0 Q 11 0 Q Q 0 0 Q Q 1 Q 0 0] 13
'; Cre 0 0 3 4 0 0 Q Q 0 Q Q 0 1 Q Q 0 Q 0 Q 8
r:1 For 0 9 0] 0] 0 0 0] 2¢ 0 0] 0] 0 2 2 0] 0 0] 0 0| 42
i Las 1| 14 Q 0 1 0 Q 1 0 Q Q 1 0 Q Q 0 1 0 0] 1¢
(i: Lin 0 3 Q 0 0 0 Q Q 0 Q Q 0 0 Q Q 0 Q 0 Q 3
g Mes 2| 48 0] 1 1 7| 53 3t 1| 41| 14 0| 57 1 12| 14z | 4C 4 0| 461
e | Phe 0| 44 2 9 0 0 0] 0] 0 0] 0] 0 0 1 0] 0 0] 0 0| 5€
Ple 0 Q Q 0 0 Q Q 0 Q Q 0 0 Q Q 0 Q 0 Q 1
Tar 0 6 Q 1 0 0 Q Q 0 Q Q 0 0 Q Q 0 Q 0 Q 7
Terr 0 2 2 0] 0 0 0] 0] 0 0] 0] 0 1 0] 0] 1 0] 0 0] 6
Tel 1| 26 3] 11 2 0 Q Q 0 Q Q 0 0 Q Q 0 1 1 0| 4t
N 8| 211| 11| 2¢ 6 7| 5&| 132 8| 42| 14| 15| 64| 13 12| 15C| 5C 5 2| 834

not possible to collect all of the specimens frdwa hest, ation. For example, if three species of Lepismatidere
so the total number of hosted Zygentoma was nat est collected in the same ant nest, this situation trneated
mated. However, it can be considered that the sagipl as one sample but with three different associatidasan
was homogeneous and the obtained data are comparabllustrative example, 320 nests of the geMessorhosted
because all of the samples were obtained in the seay:  silverfish, but 461 associations were registerde Jam-
In each case, the number of insects that were tausghthe  ples in which it was not possible to identify thggén-
maximum possible within the constraints. Apart frdta  toma at the species level were not included in &al2l
693 nests where Zygentoma were found, many addition and S2.1 (see Appendix S2), but they were congidiere
colonies were investigated, but data did not actéam  Table 5 and the subsequent analyses.

those where silverfish were not detected. Fromafioee- The identification of silverfish was carried outléov-
mentioned 693 nests, 16 were discarded for somgsima ing the keys of MNDES (1988) and papers on taxonomic
because Zygentoma could not be identified at spéeie!. problems solved after publication of these keysg¢hpa-

An independent sampling where all ant nests were acpers, detailed in Table S1.73 in Appendix S1, distiadd
counted was designed to test whether the antsrigéfby some new synonyms or even some new taxa). Thefident
silverfish are usually the most abundant or natidhre- cation of ants was based on the use of Collingvedkels
sults from eight sampling sites are shown in AppeS@. (CoLLINGWOOD 1979, @LLINGWOOD & PRINCE 1998) and
This information suggests that silverfish preferesal gen-  also the experience of one of the authors (A.Thg Stud-
era of ants, and supports our sampling methodeShere  ied material is deposited in the Departamento dsdgpa,
is no evident relation between the number of nestn University of Cérdoba, with the exception of thpég of
ant genus and the number of these nests inhabjtsit/br- the new species of silverfish, which are depositethe
fish, it is not necessary for our aims to accotettotal  Museo Nacional de Ciencias Naturales (MNCN) in Nthdr
number of nests without Zygentoma. We have made the Once the ants and silverfish were identified, sEv&n-
reasonable assumption that most frequent ant ¢azaged  tistical analyses were performed. Formicidae spewire
by genus) are abundant enough in most localitidseto cross-tabulated together with the Zygentoma spécisted
available for silverfish, and these have the chaiaiu- by them (see Table S2.1 in Appendix S2) and froim th
enced by their requirements and by the biologyhefdif- contingency table, a correspondence analysis waeda
ferent types of ants, but not by the relative fiemapy of  out using the ca package in R developed ExAbIC &
these types. GREENACRE(2007). To avoid the abundance of zeros in

More than one species of silverfish cohabited §iga  the contingency table, a similar analysis was pewéal after
nificant proportion of the sampled nests whereesfigh considering the genera instead of ant species 2)ablore
were found; this fact (known as parabiosis) haselach  reasons to support why Formicidae species werepgobu
Zygentoma-ant couple to be considered a differsgb@- by genus are provided in Appendix S2.
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To determine the fidelity of silverfish, Bonferrooir-
rected binomial tests were carried out for eaclugeand
for each species of Zygentoma occurring in Spdiase
tests allow the distinction between xenomyrmeceptaika
and those that can be considered occasional ot istyr-
mecophiles, particularly when the number of samjdes
sufficiently high. When the number of samples watshigh
enough (few infrequent taxa or data from the lit@ra),
we used the criterion to consider a species a xg@moato-
phile if ants were found in less than 10% of theagles,
and a strict myrmecophile if more than 75% of thens
ples came from ant nests. Inside strict myrmeceghden-
eralist and specialist species were separatedioitpthe
criterion presented in Table 1.

With the intention to test if these groups are coagt
with the evolutionary relationships of silverfishclado-

# Nest with Zygentoma /
Total # nest with Zygentoma (N = 847)

Tetramorium [l
Temnothorax |
Tapinoma |
Plagiolepis |
Pheidole |l
Messor I
Linepithema H
Lasius ﬂ
Goniomma |
Formica l:l
Crematogaster ||
Cataglyphis ||

gram based on 24 morphologic characters (detailsese Camponotus ||
characters and their states are provided in Appe88)  gothriomyrmex |
was constructed with 20 species of Spanish Lepinamat Aphaenogaster [
using a xenomyrmecophile species as an outgroup. W
00 01 02 03 04 05 06

decided to include species from the Canary |slasinise
they are well known by the authors and may helgfyiiag
the evolutionary issues of this group in the WeskRalae-
arctic region. Atelurinae were excluded from thislgsis
because this subfamily has an independent evohitjon
origin and is poorly diversified in the studied iceg Mes-
quite (MADDISON & M ADDISON 2014) was the program
used for this aim.

To compare the tolerance of different ant genera; s
eral parameters of the associations were testeats&e
chi-square tests and Bonferroni correction fordbetrast
of the difference of proportions and General Lingadel
with Bonferroni multiple comparisons test to congére
mean number of silverfish per ant nest.

Program R (RCORETEAM 2015) was used to perform
all statistical tests and make related graphics. Gipartite
package in R (DRMANN & al. 2008) was also used to ob-
tain a plot of the bipartite network Zygentoma-Fmidae
in continental Spain and calculate some parametetss
network, as well as some specialisation indexasd¥i-
dual species.

Results

New data of the relationships between Zygentoma and
ants in Spain. Results of the new samplings compate
with existing literature

In our samplings in Spain from 1986 - 1994, 693ra#ts
of 40 species belonging to 15 different generaamik-

cidae (Fig. 2) were found, hosting 22 different@es of
Zygentoma: 2 Atelurinae, 19 Lepismatinae and 1 ftole
inae, approximately 50% of the known taxa of thiden
in Spain (Tab. 2 and S2.1 in Appendix S2). Par&bioas

Fig. 2: Bar chart showing the frequencies of sample
the different genera of Formicidae hosting Zygerdgdm
Spain (these frequencies are relative to total rermath
nests with Zygentoma; nests without silverfish weot
accounted).

tionships that are new (reported for the first finMore-
over, all of the data of the associations that hatebeen
previously published are detailed in Appendix SitHe
Western Palaearctic, at least 51 species of 17rgefe
ants have been detected, hosting at least 26 spEfciyg-
entoma. A total of 193 different associations amgorted,;
overall, 152 were previously known and 41 are cftad
the first time. Moreover, 116 of the previously lmorela-
tionships have been confirmed by our samplingspairs
Table 2 (and S2.1 in Appendix S2) also show that th
greater proportion of associations correspondsefoid-
matinae of the genudeoasterolepismand to ants of the
genusMessor The number of associationsRrioatelurina
is also notable, within the Atelurinae. Table 2)ugping ant
taxa by genus, is used for most of the subsequahises.

Classification of Spanish species of Zygentoma ac-
cording to their fidelity to ants

Genus level

In Table 3, the number of samples of each gen®&pah-
ish Zygentoma that were found with and without Fierm
cidae is detailed. Using binomial tests with Bordar cor-
rection, we conclude that the genbleoasterolepismand
TricholepismaPAcLT, 1967, as well as the two of Atel-
urinae, are strict myrmecophiles; the remainingegemcan

been detected in about 19% of the sampled nesteewhe be considered xenomyrmecophiles.

silverfish were found. The total number of assaoret of
Zygentoma with ants is 834. During these samplingse

Species level

than 1000 samples of Zygentoma were gathered &roth Table 4 includes the classification of most Sparsigé-

habitats, without any relation with ants (and inrenthan
4000 ant colonies, silverfish were not found).

cies in the categories mentioned in the introducdad

justified in Table 1. Some silverfish of the difé@t groups

Table S2.1 (Appendix S2) presents the ant-Zygentomaroposed are illustrated in Figures 3 - 7 and @rdia

associations that were detected in our samplings$,Ta-
bles S1.1 to S1.72 (Appendix S1) compare thesevdtia
those documented in the literature, indicating ¢hada-

with three bar charts of the most representatioeigs of
strict myrmecophiles is presented (Fig. 8) showtimgr
frequencies of occurrence with different ant genéhas
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Figs. 3 - 7: Five species of Spanish silverfistssilged in different categories according with thelationship with ants:
(3) Allacrotelsa kraepelinia xenomyrmecophile. (4)episma baeticaan occasional myrmecophile. (Bjoatelurina
pseudolepismaa generalist. (B)Neoasterolepisma delatoanAphaenogastespecialist. (7)Neoasterolepismhisitana
a Messorspecialist. Body lengths of specimens ranging fEaBrmm in (4) and (5) to 10 mm in (3). Most silfign
species are not distinguishable without microscspidy.

Tab. 3: Data for the classification of Zygentomaeya of the Spanish fauna according to their aggoniwith ants. Re-
sults of the Binomial test with Bonferroni multiptemparison correction for each genus. The thraditzes also detail
the results for each species of the gebegisma NS: number of samples that were studied for emstus of Zyg-
entoma. WF: number of samples that were found Ratmicidae. NF: number of samples without antsrftbin other
habitats). %WF: percentage of samples with ants mspect to the total of samples of Zygentomaaohegenus. %NF:
percentage of samples without ants. z: probahilitye as calculated by the binomial test. Sig: ifitance level asso-
ciated with the z parameter. Explanation of theltesn the text.

Zygentoma genere | NS | WF | NF | %WF | %NF z Sig Classification
/ Lepisma species
Atelure 9 8 1| 88.8¢| 11.11 Strict myrmecophil
Proatelurine 234|21C| 24| 89.7¢| 10.2¢| 12.1€¢| <1E-1C| Strict myrmecophil
Allacrotelse 38 1) 37 2.6%| 97.37| -5.84| 1.14E-0¢ | Xenomyrmecophil
Ctenolepism 81: 2| 811 0.28| 99.7¢| -28.37| <1E-1C| Xenomyrmecophil
Neoasterolepisn 61z | 58C| 32| 94.77| 5.25| 22.1%t| <1E-1C| Strict myrmecophil
Tricholepismi 7 7 0| 100.0C| o0.0C Strict myrmecophil
Coletinie 5 1 4| 20.0C| 80.0C Xenomyrmecophile or Occasiol myrmecophils
Lepismi 195 | 46| 14¢| 23.5¢| 76.41| -7.3t| <1E-1C| Xenomyrmecophil
L. baetic: 3C| 11| 19| 36.67| 63.37| -1.4¢ 0.3C | Occasional myrmecoph
L. chlorosom 57| 29| 28| 50.8¢| 49.17 0.1: 1.0C | Occasional myrmecoph
L. saccharin 10¢ 6| 10z 5.5€| 94.4¢| -9.24| <1E-1C| Xenomyrmecophil

112



Tab. 4: Silverfish species analysed and their aar@nused in this work. The column "myrmecophileegaty” assigns
a classification for each species. Genus degreeisumber of genera of ants linked with each gsethe number in
brackets indicates the number of genera where sbec@tion was observed more than once). SSI: epapiecificity
index; d": weighted specialisation index for indival species. Species where these indexes aralcotated are those
that are not included in the network because theynat Iberian (marked with *), they are xenomyromtles or the
number of available data is very low (? in the sifigation column). Authors of species that are mentioned in the

text are also indicated.

RocA & GAJU-RICART, 199¢

Srecies Acro- | Myrmecophile category Genus| SSI d
nym degree

Allacrotelsa kraepelin(EscHERICH 1905 - Xenomyrmecophil - - -

Atelura valenciandMoOLERO-BALTANAS, GAJU-RICART, BACH | Av Generalist 5(3) 0.3980.086
DERoCA & MENDES 199¢

Lepisma baeticMOLERO-BALTANAS, GAJU-RICART, BACHDE | Lb Occasional 5(4) 0.4040.478
RocA & MENDES 199/

Lepisma chloroson Lucas, 184¢ Lc Occasionz 8 (3 | 0.457| 0.45¢

Lepismasaccharini LINNAEUS, 175§ Ls Xenomyrmecophil - - -

Neoasterolepisma baleariMOLERO, BACH & GAJu, 1997 Nb Messo specialis 1(1 | 1.00C | 0.081

Neoasterolepismcrassipes(ESCHERICH 1905 Ncr Messo specialis 3(1 | 0.961] 0.167

NeoasterolepismcurtisetaMENDES 198¢ Ncu | Generalis 6 (5 | 0.40¢ | 0.31Z

Neoasterolepisma delattoLERO-BALTANAS, BAcH DERocA | Nd Aphaenogastespecialist 3 (1) 0.7500.272
& GAJU-RICART, 199¢

Neoasterolepismforeli (MoNIEZ, 1894 Nf Messo specialis 2 (1 | 0.97%| 0.16¢

Neoasterolepisma gauthieri Ng Messorspecialist 1(1) 1.0000.127
ssp.calve MoOLERO, MENDES, GAJU & BACH, 1994

Neoasterolepisma hesperiboLERO-BALTANAS, BACH DE Nh Aphaenogastespecialist 3 (1) 0.8690.494

*Neoasterolepisma inexpectateENDES MOLERO-BALTANAS,
BACH DERoCA & GAJU-RICART, 199:

Xenomyrmecophile / Occasional? — - -

GAJU-RICART, 199t

Neoasterolepismlusitane (WyGoDzINSKY, 1941 NI Messo specialis 6 (3 | 0.88| 0.131
*Neoasterolepismmyrmecobiz(SILVESTRI, 1908 - Occasional - -
Neoasterolepisma pallidsl OLERO-BALTANAS, GAJU-RICART & | Np Generalist? 5(3) 0.4980.208
BACH DE Roca, 199&
Neoasterolepismsoerensel (SILVESTRI, 1908 Nsc | Messo specialis 1(1 | 1.00C | 0.12C
Neoasterolepismspectabilis(WyGobDzINsSKY, 1945 Nsg | Messo specialis 5(3 | 0.95(| 0.26%
*Neoasterolepisma vulcandENDES BACH DEROCA & GAJU- | — Xenomyrmecophile / Occasional? —
RICART, 1992
Neoasterolepisn wasmanr (MoNIEz, 1894 Nw Messo specialis 5(3 | 0.79Z| 0.07¢
Proatelurina pseudolepisn(GRrAsSI& RoOVELLI, 1890 Pr Generalis 13 (10| 0.307 | 0.241
Tricholepisma aura (DUFOUR, 1831 Ta Messo specialis 2 (1 | 0.81(| 0.05¢
Tricholepisma indalicd1oLERO-BALTANAS, BACH DEROCA& | Ti Camponotuspecialist? - - -

classification is also supported by binomial testsres-
pondence analyses (Fig. 9) and the criterion tindisish
generalist from specialist species agrees witrsfiexies
specificity index (SSI) calculated with the R bititgr pac-
kage (DDRMANN & al. 2008).

Occasional myrmecophilesBinomial tests carried out

at the species level gave similar results to tHosesil-
verfish genera, except for the genwepismal INNAEUS,

1758. When species of this genus are studied stepara
(as shown in the three last lines of Tab. 3), logfeneous
trends can be detected: wherkasaccharinalINNAEUS,
1758, shows a low percentage of association wits an
(5.5%), L. baeticaMOLERO-BALTANAS, GAJU-RICART,
BACH DE RoCA & MENDES 1994, and particularly
L. chlorosomd_ucas, 1846, are associated with higher
frequencies (36.7 and 52.5%, respectively). Itlmacon-
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Tap | Fig. 8: Bar chart representing the proportionsssogiation
P of three species of strict myrmecophilégoasterolepisma
Pla | curtiseta(Ncu, a generalist species), N. hesperica (Nh, an
Phe Aphaenogastespecialist), andN. spectabiligNsp, aMessor
ves J B  soccialist), with different genera of ants. Projpoi are rela-
Lin tive to the total number of ant nests where eabterish
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Fig. 9: Left: Plot representing the placement by tlorrespondence analysis of the different Zygeatspecies of the
Spanish mainland (acronyms: see Table 4). Grougtsthie analysis indicates are surrounded with li®up 1:

Messorspecialists (black line). Group Rphaenogastespecialists (yellow line). Group 3: Generalisteeén line). Some
occasional myrmecophiles are placed in the botight-hand corner. The horizontal axe discrimindfessorspecia-

lists from the remaining genera and the vertica discriminates from strict myrmecophiles and otws species.
Right: Plot representing the placement by the spaadence analysis of the different genera andespet ants hosting
silverfish. Numbers in the plot indicate the cod@ice of several species in the same pldlessorants form a group
nearly in the centre of the plot, while the remagniaxa are distributed along the Dimension 2 difthe plot (genera with
wider tolerance are placed in the upper part of line). The axes of both plots can be superimposethow corres-

pondence with the placements of silverfish spe(fmsexample Messorants are placed in a similar region of the plot
asMessorspecialists). The vertical axe discriminates avith higher range and frequences of guests (irtdpeof the
map) from those ant taxa with few guests and laamrge of silverfish.

cluded that although. saccharinais clearly a xenomyr-
mecophileL. chlorosomaandL. baeticacan be classified
as occasional myrmecophiles. Therefore, we havedad
Lepismain the subsequent analyses.

Generalist silverfish. Within strict myrmecophiles, two
species of the Iberian fauna can be clearly consile
generalists: the Atelurina@roatelurina pseudolepisma
(GRAsSI & ROVELLI, 1890) and the Lepismatin&oas-
terolepisma curtisetMENDES 1988 (Fig. 8). The bar chart
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of preferences oP. pseudolepisméFig. 11 in MOLERO-
BALTANAS & al. 1998) shows that it can be found with at
least 13 different genera of ankéeoasterolepisma curti-
setaalso inhabits nests of several genera of ants aith
high frequencyand there is no evident preference for one
ant genus.

We can also includatelura valenciandaMOLERO-BAL -
TANAS, GAJU-RICART, BACH DE ROCA & MENDES 1998
in the group of generalists, but without such arcktatist-
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Fig. 10: Cladogram of Spanish Lepismatinae (incigdipecies from the Canary Islands and Contin&mpain). The mor-
phological characters and their status as congldirethe analysis are presented in Appendix S3xeftomyrmeco-
philes. O: occasional myrmecophiles. G: generafisties. AsAphaenogastespecialists. MsMessorspecialists.

Tab. 5: Data for the comparison of the number efcgpens per nest and of the number of species gétpma that
were found with different genera of Formicidae. Temera that are marked with (**) are those thathaeen statis-
tically compared (results in Table 6). Metrics givia columns are self-explanatory. Abbreviations: Nimber; Zyg.:
Zygentoma; sp. / spp: species. The number givémadaokets in the column of number of species hast&pain corres-
pond to the number of additional species in WedBalaearctic.

Ant generg N. of | % nests with| N. of spp.| Total N. of | Mean of N. of| Variance of thg N. of nests % of nests
studied| respect to to{ hosted in| Zyg. specimen] Zyg. speci- | N. of Zyg. spe-| with more thar] with more tharn
nest: | tal N. of nest| Spair found in nest | mens per ne | cimens per ne | 1 sp.of Zyg | 1 sp. of Zyc
Aphaenogaster* 76 10.9% 14 (2 23C 3.0¢ 8.2 5 6.€
Bothriomyrme 2 0.2¢ 2(2 11 5.5C 0.5C 0 -
Camponotus* 87 12.5¢ 12 (3 243 2.7¢ 5.17 7 8.C
Cataglyphi 13 1.8¢ 3(1 59 4.5¢ 45.77 1 8.2
Crematogaste 9 1.3C 3() 20 2.22 2.1¢ 0 -
Formica** 41 5.92 4 (1 121 2.9t 16.6( 2 4.¢
Goniomm: 1 0.1¢ 1¢) 1 1.0C - 0 -
Lasius 19 2.74 1() 56 2.9t 12.72 0 -
Linepithem: 3 0.4z 6 (1) 20 6.67 65.37 0 -
Messor** 331 47.7¢ 16 (3 2941 8.8¢ 105.5¢ 11c 33.2
Pheidole** 53 7.6 4 (4 111 2.0¢ 1.74 3 5.7
Plagiolepis 2 0.2¢ 1(1 3 1.5C 0.5C 0 -
Tapirome 7 1.01 21 11 1.57 1.2¢ 0 -
Temnothora 5 0.7z 4 (1 17 3.4C 11.3( 1 20.C
Tetramorium* 44 6.3 7@ 15¢ 3.52 16.4¢ 3 7.1
Total 693 100.0( 19(7; 399¢ 5.77 64.5¢ 132 19.C
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Tab. 6: Results of the tests for comparing the remalb specimens per nest (grey background) angrthgortion of nests
with more than one species of Zygentoma (white gamknd) that were found with the six most commonega of
Formicidae hosting silverfish. In each cell, théueacorresponds to the comparison between the Eatad genera in
the corresponding row and column. The number ofispens per nest was compared using the GeneraalMedel
(family quasipoisson, link logarithmic, varianceoportional to the square of the mean) and Bonfémmanitiple com-
parison test. The proportion of nests with two @renspecies of silverfish was compared usingxthest (Bonferroni
correction applied). The multiple comparison of meatatistic and its p-value are indicated in éash and significant

differences are marked with asterisks. Abbreviatiosed for ant genera are shown in Table 2.

Aph 0.003: 0.097¢ 321.052! 0.046¢ 0.013: X
1.00(¢ 1.00(¢ <0.01 *** 1.00(¢ 1.00(¢ p-value
-0.080: Cam 0.097¢ 321.052: 0.046: 0.012¢
1.00(¢ 1.00(¢ <0.01 *** 1.00(¢ 1.00(¢
-0.025: 0.055: For 321.146! 0.140¢ 0.107¢
1.00(¢ 1.00(¢ <0.01 *** 1.00(¢ 1.00(¢
1077.04. 1157.23 1102.16t Mes 321.095. 321.062:
<0.01 *** <0.01 *** <0.01 *** <0.01 *** <0.01 ***
-0.368: -0.287¢ -0.343( -1445.14: Phe 0.0561
1.00(¢ 1.00(¢ 1.00(¢ <0.01 *** 1.00(¢
Estimate 0.151¢ 0.232: 0.177( -0.925: 0.520( Tet
p-value 1.00(¢ 1.00(¢ 1.00(¢ <0.01 *** 1.00(¢

ic support because of the low number of samplesaA
chart of preferences was also presented L 0O-BAL-
TANAS & al. (1998).

Moreover, if the preferences of the category ofaecc
sional myrmecophiles (such as those of the geapsma
are considered, it can be observed that they htse gen-
eralist trends. In fact, the correspondence armlyisices
them closer to generalist than to specialist spdéiig. 9).

Specialist silverfish.The remaining strict myrmeco-
philes can be assigned to the group of speciakgiart
from Tricholepisma indalicaMOLERO-BALTANAS, BACH
DE ROCA & GAJU-RICART, 1995 which was found only
on a few occasions witGamponotus sylvaticU©LIVIER,
1792), they can be included in the following sulgions:

» AphaenogastespecialistsNeoasterolepisma delator
MOLERO-BALTANAS, BACH DE ROCA & GAJU-RICART,
1996 andN. hespericaMOLERO-BALTANAS, BACH DE
RocA & GAJU-RICART, 1996 (Fig. 8) are found mostly with
ants of the genuAphaenogasterData in the literature,
especially the numerous samples from Portugalvilea¢
reported by MNDES (1992, 2002), support this. The cor-
respondence analysis pladgshaenogastespecialists far

Evolutionary relationships in Lepismatinae

The cladogram of Figure 10 includes Iberian anda@ian
species in order to understand the origin of myophdy

in Lepismatinae (see Material and methods sectiwh a
Appendix S3). The cladogram shows thessorspecia-
lists are the most apomorphic species of the grang,
that generalist species and mainly the occasioyafe-
cophiles occupy the root of the tree.

Analysing data for detecting different degrees of
tolerance of the Formicidae hosts

While the previous section is focused in the "gifigh
point of view", in this section we centre on thegggtoma-
Formicidae relationship in terms of the ants. Tafland 5
summarise the information of our samplings in Spgion
grouping the data by genus of Formicidae.

Considering the percentage of nests of the difteren
ant genera harbouring Zygentoma, almost 50% ofahe
tal of ant nests correspondedNtessor(Fig. 2). Other
genera with significant percentages &jghaenogaster
(10.5%), Camponotug12.8%),Formica (6.2%), Phei-

from Messorspecialists and closer to generalist speciesdole WESTWOOD 1839 (7.8%) and etramoriumMAYR,

(Fig. 9). Finally, despite the preferencesNf pallida
MOLERO-BALTANAS, GAJU-RICART & BACH DE ROCA,
1995are quite marked, this species carrm#udedin a
group with intermediate characteristics. The cpoadence
analysis places it between generalist species\ahdeno-
gasterspecialists (Fig. 9).

1855 (6.3%).

Table 5 shows data of all of these genera. The-para
meters that are compared include the number ofiepec
hosted by the different ant genera, the numbendit/i-
duals that were found per nest (results in Talarg) the
number (and percentage) of nests in which two oremo

« Messorspecialists: This constitutes the largest groupspecies of Zygentoma have been found (results lin a

within the Iberian fauna because eight specieNarfas-
terolepismaand one offricholepismashow strong prefer-
ences (often close to 100%) for ants of the génessor
(see Tab. 2 and an example in Fig. 8). This grewpeiarly
supported by the correspondence map (Fig. 9), vgtades
Messorspecialists very close together and separates all
them from the remaining Zygentoma.
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Moreover, Table 7 shows the percentage of inteasti
of each genus of ants with specialist or generafisties
of Zygentoma.

The three last parameters have been comparedronly i
the genera of Formicidae with a significantly higim-
ber of samples. The GLM quasipoisson option has fme
lowed by comparing the means of the number of dikle



Tab. 7: Percentages of interactions with generafispe-
cialist silverfish in the nests of the most aburidgmera
of ants. The occasional myrmecophiles are considgza-
eralists. Ant genera with fewer than ten interaxtiand the
silverfish specie3richolepismandalica (found only twice)
are discardedMlessoris marked with bold characters to

remark the clearly different tendency of this genus
Interactions with ger- | Interactions with
eralist Zygentoma |specialist Zygentoma

Aphaenogast 62.33% 37.67%
Camponotu 86.96% 13.04¥%
Cataglyphi 92.31% 7.69%
Formice 95.24Y% 4.76%
Lasius 89.47% 10.53¥%
Messor 19.30% 80.7%
Pheidole 98.21% 1.79%
Tetramoriun 96.56% 4.44%

per nest because the variance, as a generalsuiearer
the square mean than the mean.

All of these comparisons show that the gelessor
produces very different results from the othersisTge-
nus harbours a clearly greater number of indivisltladn
the other ant genera, the incidence of parabiesssgni-
ficantly higher inMessorsamples and the majority of ant
genera interact with generalist silverfish, exdggtssor
which interacts mostly with specialists.

Moreover, Tables 2 and 5 show hdWessorharbours
a higher diversity of silverfish. The number of igs that
are hosted iMessomests is 16 (12, if those that were found
just once are not taken into account), and thisbrarman
increase in more than 20 species if the whole Weste
Palaearctic is considered. The only genera showisign-
ilar degree in the Iberian area @phaenogasteandCam-

#Formicidae/(N=#Total Formicidae)

Camponotus (N = 94) Messor (N = 461)
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Fig. 11: Bar chart showing the proportions of agsam
of CamponotusandMessorwith different species of Zyg-
entoma.

Tab. 8: Network metrics calculated for the Zygenaem
Formicidae network, with silverfish and ants coesetl
at species level and pooling ants by genus.

ponotus which host 14 and 12 species, respectively (only
9 and 8 if species which were found only once vekse
carded). NeverthelesSamponotusests, as a whole, have
a lower diversity because only associations with g&n-
eralist species are frequent (the remaining 10ispese
collected rarely). This contrasts withessornests, where
none of the proportions of their guests prevait(Ail);
the differences among hosted species may correspond
their higher or lower abundance or geographic rapge
sented in MOLERO-BALTANAS & al. (2002).

The correspondence analysis (Fig. 9) also cleady s
paratesviessorcolonies from the remaining genera.

The ecological network Formicidae-Zygentoma

A graphic of the bipartite network representing #sso-
ciation of ant genera and silverfish species inifsrar
Spain and the Balearics is presented (Fig. 12)dés
scribed in other ecological bipartite networks tsas those
presented byGRDANO & al. (2003) or RsCOMPTE& al.
(2007), the silverfish-ants symbiotic network igywe-
terogeneous (most species have a few associabiahs,
few species are much more connected than is expbygte
chance), nested (specialists interact with sulodete spe-
cies with which generalists interact), and builtvezak and
asymmetric links among species.

Network metrics Species level net{ Network with
work (Tab. S2.1 | ants pooled by
in Appendix S2) | genera (Tab. 2)
Connectance 0.1915 0.2970
Web-asymmetry 0.4242 -0.1515
Links per species 2.5910 2.3940
H2' 0.3081 0.3568
Modularity C 0.361¢ 0.393:
Nestedness (temperatu 11.222¢ 8.611:

Some metrics of the network at the species level an
the generic level (ants pooled by genus) are pteddn
Table 8. AsMessorfrequencies in the matrix do not re-
flect their relative abundance in the field becatnss are
biased by the strong preferences of their spetsalis and
H2' are not the most relevant indices to take attoount
for a measure of specialisation (of single speaiesof the
network as a whole, respectively). Both metrics rare
placed by species-specificity index (SSI) and bydutar-
ity Q (DORMANN & STRAUSS2014) as defined by R bi-
partite package (BRMANN & al. 2008). The first index
(Tab. 4) gives values for each silverfish spedies agrees
with our classification criterion given in Table Regard-
ing the Q index of modularity, it shows a high \eltom-
pared with most networks where this parameter kas b
calculated. Four modules can be detected by th8i®laa
algorithm included in R bipartite package; fromtbeto
less-defined, these modules areMessorand their spe-
cialists; b)Aphaenogasteand their specialists; ¢) most
ant genera (mainly small ants) associated withgdree-
ralist Atelurinae and occasionlaépisma d) common ant
genera (especially, large ants) with the generbliéstas-

117



Nso I
Nb
Ng
Nf
Ncr Mes
Nsp
NI Cat
Nw For
Ta
Cam
Ncu
Ay Aph
Nd
Np Tem
Ti Las
Pla
Lin
Pp Tap
Phe
Nh
LS Tet
Lc Bot
Lb Cre

Fig. 12: Bipartite network Zygentoma species (lefant
genera (right) in continental Spain. The graphis heen
obtained by the R bipartite package from data dfig 2.
The width of each link is proportional to the numbéas-
sociations established between the connected Aexa-
nyms see Table 4.

terolepisma curtisetandN. pallida These modules can
be seen in the plot of the correspondence andbhgjs9).

Discussion

Classification of Zygentoma based on their prefer-
ences and their evolutionary trends

If we consider the data in the literature aboutettgma-
ant interactions over the entire Western Palaearetjion,
several species can be added to the groups of negrme
philes that have been distinguished.
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Occasional myrmecophilesThere are some species of
Neoasterolepismin the Macaronesian region and North
Africa that have been found only without ants on t&
considered occasional myrmecophiles. This is tise od
the Canarian speci@¢eoasterolepisma myrmecolfaL -
VESTRI, 1908),N. vulcanaMENDES BACH DE ROCA &
GAJU-RICART, 1993 andN. inexpectatdMENDES MOLERO-
BALTANAS, BACH DE ROCA & GAJU-RICART, 1993, which
have been included in the cladogram of Lepismatarak
are near the base of the tree (Fig. 10). This ast#rwith
our analysis omNeoasterolepismbased on Iberian spe-
cies (Tab. 3), which classifies this genus, as aleytas a
Strict Myrmecophile. It seems that primitive spsaid the
genusNeoasterolepismaere not myrmecophilous and
that the relationship with ants developed afteratigin of
this clade.

Occasional myrmecophiles, such as these primitae
asterolepismandLepisma chlorosomare generalists (SSI
index lower than 0.5). Our data suggest that tleeyrsto
prefer small-sized Myrmicinad étramorium Pheidole and
Crematogastet UND, 1831).

Generalist speciesThe myrmecophilous relationships
of the two Iberian Atelurinae have been discusaddao-
LERO-BALTANAS & al. (1998).Proatelurina pseudolepisma
stands out from the rest of European myrmecopliiles
to the width of its preferences (Tabs. 2, S2.1 pipéndix
S2 and the histogram of Fig. 11 irOMERO-BALTANAS &
al. 1998). The literature indicates tigelura formicaria
which is widespread in Europe, is also a genersfisties
(PACLT 1963). Although the wide preferences of these
species, we do not believe it appropriate to desegthem
as "panmyrmecophiles" because they are most likety
admitted throughout the Formicidae that have been r
ported in the area. A certain preference for Foighaie of
small size a®heidole pallidula(NYLANDER, 1849) has
been observed, but large ants of the gebasmponotus
are also frequent hosts of Spanish Atelurinae. fume-
ber of specimens per nest is usually low (1 - 8),9ome
Pheidolecolonies host a higher number.

The bar chart of preferenceséoasterolepisma cur-
tiseta(Fig. 8) and the low SSI index are also typicahof
generalist species: This silverfish has been fawuitid high
frequencies in the nests of several genera of(Messor
Formica andCamponotusiests are the more visited). Al-
though it represents a high percentagBainicaguests,
this does not mean thhit curtisetaprefersFormica; this
genus seems to be little attractive for silverfstd it is
only visited occasionally by some generalist specie

Specialist myrmecophilesin Spain, all species classi-
fied in this group belong to the subfamily Lepisinae:
They exhibit a limuloid shape, with a wide thoraxedo
the extension of lateral areas of nota (most likelgvoid
the biting of the ants); most of them show goldealess,
elongated tenth urotergite (particularly in female®st
likely to protect the ovipositor) and shortenedriral fi-
laments. Host-specific species also exhibit diffietgpes
of apomorphic characters, such as a trend to sekual
morphism concerning the shape and chaetotaxy dfitite
tibiae of males, whose function is not clearly bbthed
(this setation is lacking in most generalists).

These characteristics can also be observed inegpeci
outside the Spanish fauna, suctrasholepismagyrinifor-
mis (LucaAs, 1846) from the South and East Mediterranean



region (a specialist iAphaenogastéy the Messorspecia-
list Neoasterolepisma balcani€¢®TAcH, 1922) from the

ally exclusive Neoasterolepisma delatd. hespericaand
evenN. pallidado not overlap in their geographical dis-

Eastern Mediterranean and some North African sgecietributions but seem to be vicariants).

such adN. imitans(MENDES 1988). TheMessorspecia-
lists group seems to be more diverse thanAhleaeno-

gasterspecialists, and also more widely distributedaPar

biosis is frequent in this group of specialists drderves
further study.

Evolutionary relationships among groups of Lepis-
matinae

The cladogram of Spanish Lepismatinae (Fig. 10yssis
that in the Western Palaearctic, silverfish of thibfamily
began as occasional myrmecophiles with wide prete®
(generalists) and then evolved to strict myrmeclgshi
Specialists require a higher degree of morpholdgioeci-
alisation than generalists, and the cladogram plapec-
ialists as the more apomorphic clade. Inside thgsegies

Finally, a third group of ants with a Low and Na&ro
Tolerance includes the remaining genera of Forraiid
which harbour Zygentoma in their nesEsmponotusFor-
mica, Pheidole CataglyphisFORSTER 1850, Tetramorium
etc. These ants permit the presence of few spedies
Zygentoma. AlthougiCamponotusnts show more species,
two generalist guests amount to more than the hivds
of the total associations. The number of admitigecs
mens per nest is very low and, on rare occasiwt ot
more species of Zygentoma are found cohabitingnén t
same colony. Specialist Zygentoma have not beeatieet,
unlessTricholepisma indalicacould be allied witltCam-
ponotus

The aforementioned differences among the different
groups of ant genera could be related to diffenendali-

that are linked tdvlessorants seem to be those that have ties of symbiotic relationship. At least two moadsasso-

acquired the most specialised condition.

Lepismatinae is an ancient group (the outgroughef t

cladogramAllacrotelsaSLVESTRI, 1935, is a xenomyr-
mecophile genus that occurs on both sides of thenid
Ocean), but it is not known exactly when Lepisnasibe-
gan to enter ant nests. It is likely that the beigig of this
association befell more than 40 myr ago (afteriteak-

ciation can be found inside West Palaearctic disleand
ants; one of these modes can be interpreted aphidr
parasitism called "kleptoparasitism" and the othanost
likely a case of commensalism, and can be designate
"kleptobiosis". The difference between both ternas pre-
sented, for example, byyENGAR (2008) or \OLLRATH
(1984); kleptobionts steal items that have not beien

up of Gondwanaland, since myrmecophile Lepismatinaegested or used by the hosts or items that are wodaimt

are absent from the New World). As the gehlessoror-
iginated about 10 myr prior tAphaenogasteraccording
the phylogeny of ant genera provided bpREAu & al.
(2006), we think that Lepismatinae living withessorhad

more time to develop morphologic and ethologic &pec

lisations to integrate with their hosts thaphaenogaster
specialists, which are most likely less integréfedViolero-
Baltanas & M. Gaju-Ricart, unpubl.).

Are Zygentoma-Formicidae associations homogen-
eous? Analyses of data from associations in Spain
suggest different levels of integration

As a consequence of the comparison of ant generarsh

in Tables 5 - 7 (and also the data of the litemattlmat
confirm the same conclusions for the whole WesRan
laearctic, see Appendix S1), three groups of Fadaie
can be established according to their tolerancesaedi-
ficity for the Zygentoma guests:

The first group includes ants with High and Broad-T

that the consumption of a few of them by the gudetss
not incur an energetic cost to the host.

To understand and discuss the differences thahare
dicated by our results, it is necessary to compaxeral
factors. The first one is the colony size. In relgtr this,
we could come to think that large colonies providere
abundant resources for silverfish (food and refugép
available information about the colony sizeMéssorin
Spain (B\LLESTA & al. 1995) and France EBDAN 1989)
agrees with the classification byaABoNI-URBANI (1977)
in a group of ants with a moderately high coloraesex-
cept large nests défl. barbarus with up to 23,000 work-
ers, which can be classified in the high colong giroup;
this could explain our resultlessor and especiallv.
barbarus host a lot of species and individuals in the same
nest). However, colonies of other genera in Speénaa
large adviessornests or larger, as indicated, for example,
by data provided by BuLAy & al. (2007) onAphaeno-
gasteror by HIAN & DORNHAUS (2008) onFormica; sil-

erance: genullessor These ants harbour a great numberverfish inhabit them significantly less. Thus, vk that

of species, several of which often cohabit in #ee nest.
The higher percentages of interactions corresposgédci-
alist guests. Most of the Lepismatinae speciatistsas-

the colony size is not the key factor that expldhes dif-
ferences betweedessorand the remaining common gen-
era. This factor can be used only to justify tieateya such as

sociated withMessor The number of specimens found in TemnothoraMAYR, 1861, classified by BRONI-URBANI

each nest is comparatively high (and the actualbmuris

(1977) in a group with small nests and low bionmassm-

much greater than the mean data shown in Table 5 beber or workers, show a lower number and diversity o

cause all of the specimens present could not Hectedl
in many cases).
The second group of ants includgshaenogastemith

silverfish.
If we focus on the different levels of aggressivane
as a factor to explain our differences, it coulddo®-

Low and Broad Tolerance. This genus harbours a higltluded that the most aggressive ants should be thitk

number of species, although the number of specipens

nest is usually low. The percentage of specialfsis are
lodged is not as high as thathfessornests. Therefore, it
is rare for two or more silverfish species to cahaip
Aphaenogastenests. In contrast to what happens \Mits-

less diversity and fewer guests, which could imghigt
Messorare the less aggressive ants of the Iberian fauna.
However, if they were less aggressive, the fregiesnaf
generalist silverfish could be higher Messorthan in
other ants, but this is not what happens, as shinwine

sor specialistsAphaenogastespecialists seem to be mutu- bar charts of Atelurinae arldeoasterolepisma curtiseta
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(Fig. 8). The available information to grade thtatiee
levels of aggressiveness of the different taxard$ as
based on "ant against ant" aggression testSARA &
CERDA 1995, ERDA & al. 1997, etc.); from these data, it

is clear thatMessorare far from being the least aggres-

sive ants. However, no data are available regarthng
against silverfish” tests.

Network interpretation

A detailed interpretation of the Zygentoma-Forméeichet-
work represented in Figure 12 is not the aim of thork,
but some aspects of the association and the sagniplin
which it is based should be taken into accounfdaher
in-depth analysis:

Zygentoma are preadapted to run, so the quick escap As it has been proved (BRMANN & STRAUSS 2014),

is the more plesiomorphic of their strategies wigaggres-
sion. A second strategy of myrmecophile speciehén-
ical mimicry: The available studies on this topW®I{TE

& al. 2009, LENOIR & al. 2012) indicate that silverfish ac-
quire the odour of the ants by contact. This behavinas

been probably developed only by the more specihlise

species. Most Zygentoma that are considered oatalsio
or generalist myrmecophiles probably use only theea-
tral escape strategy and often prefer small arith Gmall
mandibles), as supported by our ddt@ssorspecialists
and perhaps some generalists can live with lartg (ao-
tentially more harmful for silverfish) because thegve

developed the behaviour of approaching workerscto a

quire their odour, managing to scrape the ventaal pf
the body of the host; this strategy is favouredheylarge
size of the ant.

The more relevant factor that explains our regofin-
ly the differences betwedviessorand the remaining ant
genera) is surely the diet of the ants. Most WesRa-
laearctic ant genera of Formicidae generate a sroéll
ume of residues that are available to the Zygentoma
these colonies, silverfish probably develop a nmimi-
tive strategy of trophic parasitism (kleptoparasiij, steal-
ing the food that has been pre-digested by the amds
attempting to go unnoticed. In this case, the presef a
reduced number of parasites in the nest (showrubyes
sults) could be advantageous. Converselyl@ssorcol-
onies, the abundant nutritional resources thatetlaeds
generate attract a lot of guests and favour théuéeo
of numerous specialists that have adapted to fivtaése
nests. Although a wide range of silverfish guestalso
observed witltCamponotusndAphaenogasteithese gen-
era of ants host few specialists. We think tiaissoris
different because it seems to have establisheda 'finend-
ly relationship" with Lepismatinae specialists. §hisso-
ciation is most likely related to the seed-based di the
ants and the possibility of a cleaning symbiosisit{ra-
listic association) or at least of a "welcome" ltédpotic

commensalism. As ENDES(1987) had already suggested,

the relationship betwedviessorand their guests is based
on a nutritional complementarity: Ants are unalolalt-
gest the husks of the gathered seeds (these hustdm
expelled from the nest) and Lepismatinae silver{isit
probably not Atelurinae) are capable of feedinglmase
and other residues. The capacity to digest cekubrsd
other carbohydrates without the need for endosytithio
microbiota is very uncommon among insects, butiesn
demonstrated in some species of LepismatidasKER

& GIESE 1956). If this feeding complementarity ldessor
and their specialists exists, the high densityhefpopu-
lation of silverfish in the nest is not an impottanoblem
for the ants. As the cladogram of Figure 10 denrates,

a high value of modularity Q is correlated with tnig2'
levels, implying high levels of specialisation. Acding to
BLUTHGEN & al. (2006), it can be interpreted that the low
values of H2' calculated are due to an overestomadf
Messorabundance and not to low levels of specialisation.

The geographic area from where the data are olotaine
is very large, about 400,000 knand some different types
of ecosystems are included.

Some silverfish species are not widespread ovegrihe
tire study area (some of them are endemic of divelg
reduced area and even some of them can be congidere
as vicariants), but treated as genera, the digtabof
most ants covers the whole area.

As argued before, this is not a homogeneous network
in terms of the type of association. It is likehat a good
number of the relationships between occasionaboe@-
list Zygentoma and ants are antagonistic, but atthas
are presented that associations betwdessorspecialists
and their hosts tend to be of commensalism or even
tualistic. The best way to represent these assonmis
probably a merged tripartite network, such as thase
sented by 8UvE & al. (2014). Ant genera can be placed
in a central column, parasite silverfish in a secoolumn
on one side and commensals or mutualistic guestbea
included in a third column on the contrary sideSkain,
exclusively allMessorspecialists can be included in this
column. Nevertheless, this positive relationshipascom-
parable to typical mutualistic plants-pollinatoesworks,
where there is an important (nearly symmetric) raltu
dependenceMessorants probably do not depend signifi-
cantly on silverfish, because the benefit they iob&not
indispensable. The relationship is very asymmeinit co-
evolution processes are not clearly developedeS8ish
have not significantly conditioned the evolutionastts,
but Lepismatinae silverfish have experienced ingrarad-
aptive modifications (morphological, biological aatho-
logical) to live inside ant colonies, and the metgking
modifications seem to be developedessorspecialists,
meaning that this group deserves further investigat

Conclusions

Here, 157 associations between Zygentoma and Fermic
idae species are reported in Spain, with 41 of tdem
scribed for the first time. Adding our data to taas the
literature, 193 different associations are knowthéWest-
ern Palaearctic region.

Spanish silverfish species are classified accortting
their preferences for ants into four groups: Xenoner
cophiles, Occasional Myrmecophiles, Strict Gensriyr-
mecophiles and Strict Specialist Myrmecophiles. filgger
number of species is inside this last group andtrabs
them (9 species) aldessorspecialists. This classification

Messorspecialists are the more evolved inside myrmeco-has a statistical and phylogenetic support.

philous Lepismatinae, developing strategies toeachia
higher level of integration with their hosts.
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Messorants host a higher number of species and spe-
cimens per nest than the remaining genera of &undged,



suggesting that the association with their spestiphrtners
is different (probably, commensalism or even mustia)

from those associations established between adtgem
eralist silverfish (antagonistic). The seed-badetiaf these
ants could be the main factor influencing the etrotuof

a group of silverfish species with a higher levelrde-

gration.
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Appendix S1: Zygentoma hosted by antsin the Western Palaearctic region (Europe, North Africa and M acar o-
nesian region). Tablesintegrate data of literature with new data generated in thiswork.

In this document, two types of tables are presented

1) Summary of interactions of each ant genus wéttious species of Zygentoma.

2) Details of interactions of each ant species withious species of Zygentoma (giving the refererioditerature and
the data of the new samples studied).

These two types are condensed in a single tabkdse genera where only one species is reportagh@re no specific
identification of the ant is available).

The references included in the tables that arémibte main article are detailed at the end of tites Before the list of
references of this Appendix, an additional tablak€ S1.73) includes previously published datahenassociations
analysed in this work.

Remarks for all tables:
Abbreviations of species of Zygentoma as in Tabdé the main article.

Other abbreviations given in tables:

Tot.: Total number of samples studied in Spain (pubtistrereported in this work).

Lit est.: Number of samples previously published and indluiethe statistical study made in Spain (presemete
main paper).

Lit not incl.: Number of samples mentioned in the literaturg\astern-Palaearctic Zygentoma and not includetien
statistic study of Spain (mainly published by othathors and for other countries).

The references to Molero-Baltanas are abbreviatéddiero. The references to Bach de Roca and GajarRare also
abbreviated to Bach and Gaju, respectively.

New interactions are highlighted in the tables vbitihd characters and grey background.

Detailed references tables for each ant speciésdache name of the author(s) and the year ofipatibn for each
interaction in the literature. The number of sampieluded in each reference is given in brackatsrature references
not included in the statistical study of the maiticke are marked with an asterisk. For new dathlds of each ant
species include the locality, date, number of speas (M = males, F = females, J = juveniles) aed#ference in the
collection of the Universidad de Cdrdoba (UCO) vehtrey are deposited. In these tables, the bolthctexr means
new interactions (reported here for the first time)

Species and genera authorities are given only whenare not mentioned in the main article.

Interactions of silverfish with ants identified the generic level are not considered new unles® tiseno other refer-
ence of the silverfish with another ant speciethefsame genus.

Tab. S1.1: Numbers of the different types of interactionAghaenogaster ants with silverfish. 35 different types of
interactions, 30 of them reported in Spain, nin¢hefm new. 77 interactions from samples of Spairsfatistic study
(47 of them previously published), 40 additionaldtéen-Palaearctic interactions from literatureinoluded in statistics.

Aphaenogaster Av | Pp | Lb | Lc | Ls | Ner [Ncu| Nd | Nf | Nh | NI | Np | Nsp | Nw | Tot | Lit |Litnot
species stat | incl
A. dulcinea 3 3 3 0
A. gibbosa 2 7 1 21 1 1 1 1 |17 | 13 5
A. iberica 5 1 1 111 2 2 1 2 | 31| 16 0
A. senilis 1 6 1 1 8 1 1 19 | 11 22
A. subterranea 1 1 2 2 1
A. testaceopilosa 0 0
Aphaenogaster sp 1 1 3 5 3 8




Tab. S1.2: Detailed references of interactions of ants offiecieg\phaenogaster dulcinea SANTSCHI, 1919 with silverfish.

Species of Zygentoma (number of samples)

Literature references New data

Proatelurina pseudolepisma (3)

MoLERO& al. (199¢b) (3) -

Tab. S1.3: Detailed references of interactions of ants obfhecie#\phaenogaster gibbosa (LATREILLE, 1798) with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

Atelura valenciana (2)

MoLERO& al. (199¢b) (2) -

P. pseudolepisma (8)

al. (199¢b) (7)

MENDES(1980a)*(1); MOLERO & -

Lepisma saccharina (1)

Orense, Petin (42° 21’ N, 7° 07' W),-09-1989, Ref. Z187.

Neoasterolepisma
curtiseta (2)

Granada, Rubite, Contraviesa mountains, A-413d (fmamerly
C-333), Km 32 (36° 49" N, 3° 20’ W), 19-03-92, 1Ref. Z1014.
Valencia, Montroi, road to Toris, (39° 21’ N, 0°38), 27-04-
92, 1M + 2F together witA. valenciana, Ref. Z147..

N. delator (1)

MoOLERO& al. (199¢a) (1) -

N. hesperica (5) MENDES(1980a)*(2); MENDES -
(1982)*(1); MENDES(1988)*(1);
MOLERO& al. (199¢€a) (1)
N. pallida (1) MOLERO& al. (199%b) (1)
N. spectabilis (1) Cérdoba, Hornachuelos, Aljabaras, 19-11-83, 1M {aBN.

ibericain MoLERO & al. (1992), RefZ046¢4.

N. wasmanni (1)

MOLERO& al. (199¢€a) (1) -

Tab. S1.4: Detailed references of interactions of ants ofsjhecieAphaenogaster iberica (EMERY, 1908) with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (5)

MOLERO& al. (199¢b) (5)

L. chlorosoma (1)

Madrid, Olmeda de las Fuentes, road to Mondéfat 24’ N, 3° 10’ W),
13-09-91, IF, Ref. Z124.

L. saccharina (1)

Segovia, Maderuelo to Fuentelcésped (41° 33' BBW), 27-8-92, 1F,
Ref.Z1921.

N. crassipes (1)

Zaragoza, Santa Cruz del Moncayo (41° 52’ N, 1°W}’'21-06-92, 1J
togeher withP. pseudolepisma, Ref. Z169.

N. curtiseta (11)

Albacete, Valdeganga, next to Jucar river (39°N81° 45’ W), 29-04-92,
1M + 1F, Ref. Z1170. Almeria, Alcolea, from Berjaldgijar, Gador moun
tains (36° 56’ N, 2° 57’ W), 19-03-92, 1F, Ref. 209 Almeria, Tijola, from
Purchena to Serén (37° 20’ N, 2° 23’ W), 16-04-2igl, + 2F + 3J, Ref.
Z0894. Almeria, Vélez-Rubio, El Charche (37° 38’ R03' W), 26-10-91,
2M, Ref. Z1068. Almeria, Turre, Aguas river (37° 08'1° 55’ W), 10-4-
1992, 1J, Z0884. Granada, Lanjardn, road to Or@ﬁa 54’ N, 3° 28 W),
18-03-92, 4M + 1F, Ref. Z1037. Granada, Poloposr{&ta), A-4131 road
(formerly C-333), Km 42.5 (36° 48’ N, 3° 18' W), 118-92, 1M + 1F, Ref.
Z0983. Guadalajara, Esplegares, road to Saelices$i& (40° 52" N, 2° 09’
W), 24-08-92, 1F + 2J, Ref. Z1237. Madrid, San Muedt la Vega, road tq
Morata de Tajufia (40° 13’ N, 3° 31' W), 13-09-9M 3 2F, Ref. Z1116
(published in MbLERO & al., 1994b ad\phaenogaster sp.). Murcia, Caravaca
de la Cruz, road to Lorca, pine-tree forest besiigipar river (37° 59’ N,
1° 55’ W), 26-10-91, 3MRef. Z1447. Valencia, Aras de Alpuente, road
Santa Cruz de Moya (39° 56’ N, 1° 09’ W),-05-92, 2M, Ref. Z152.




N. delator (2) MoOLERO& al. (199¢a) (2) | -

N. hesperica (2) MoLERO& al. (199¢a) (2) | -

N. pallida (5) MOLERO& al. (199tb) (5) | -

N. spectabilis (1) Méalaga, Coin, road to Tolox (36° 40’ N, 4° 47’ VB}12-91, 1M, Ref.
Z1074.

N. wasmanni (2) MOLERO& al. (199¢€a)(2) | -

Tab. S1.5: Detailed references of interactions of ants ofsghecie\phaenogaster senilis (MAYR, 1853) with silverfish.

Species of Zygentoma | Literaturereferences
(number of samples)

New data

P. pseudolepisma (2) MoLERO& al. (1992)(1),
MENDES(1992)* (1)

MoLERO& al. (199¢€a) (8)

N. curtiseta (7) MENDES(1980a)*(1) Almeria, Berja, Castala, 650 m (36° 53’ N, 2° B7), 23-03-89, 1M + 1F,
Ref. Z0416. Almeria, Mojacar beach (37° 08’ N, 1°W9, 10-04-92, 1M
+ 1F, Ref. Z0890. Céaceres, N-630, Km 547 (39° 316N\25’ W), 01-03-
89, 1M + 2F, Ref. Z0785. Céaceres, Monfraglie Nat. Ragk912 Km 16
to Torrejon el Rubio (39° 49’ N, 6° 02’ W), 02-03-88M, Ref. Z0737.
Cérdoba, Los Morales (37° 55’ N, 4° 48’ W), 06-05-2M, Ref. Z1043.
Cuenca, Barajas de Melo, road to Tarancén (40° 02°N5’ W), 16-09-
91,2M + 1IF + 17, Ref. Z125:
N. delator (1) BACH & GAJU (1987 (1) -
N. fordi (2) MoLERO& al. (1994b)(1); | —
MENDES(200za)* (1)
N. hesperica (26) MENDES(1980a)*(7); -
MENDES(1982)*(1);
MENDES(1988)*(1);
MENDES(1992)*(3);
MENDES(2002a)*(6);

N. lusitana (1) Badajoz, Capilla, Zdjar river (38° 47" N, 5° 05’ WI;5-91, 1F together
with N. spectabilis, Ref.Z767.
N. spectabilis (2) MENDES(1980a)1) Badajoz, Capilla, Zdjar river (38° 47' N, 5° OB/), 1-5-91, 2M+5F to-

gether withN. lusitana, Ref. Z76t.

Tab. S1.6: Detailed references of interactions of ants ofgheciesAphaenogaster subterranea (LATREILLE, 1798)

with silverfish.

Species of Zygentoma (number of samples)

Literaturereferences New data

P. pseudolepisma (1)

BAcH & GAaJu (1987 (1) -

N. angustothoracica (1)

GRASSI& ROVELLI (1890)* (1) -

N. delator (1)

BAcH & GAaJu (1987 (1) -

Tab. S1.7: Detailed references of interactions of ants idiemtiin literature a®\phaenogaster testaceopilosa (LUCAS,

1849) with silverfish.

Species of Zygentoma (number of samples)

Literaturereferences New data

L. chlorosoma (1)

Refered byPacLT (1967)* as L. lucasi (1) -

N. wasmanni (1)

Refered byPacLT (1967)* (1) -

Tricholepisma aurea (1)

DuFoUR (1831, referred byPacLT (1967)” (1) -

T. gyriniformis (1)

GRASSI& RoVELLI (1890)%, referred byPacLT (1967)" (1) -




Tab. S1.8: Detailed references of interactions of ants idiettiasAphaenogaster sp. with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

L. baetica (1)

MOLERO& al. (1994a) (1)

N. curtiseta (1)

MENDES(200Za)* (1)

N. delator (1)

Montes de Mélaga (36° 48’ N, 4° 22’ W),-1C-84, 1M, RefZ213¢.

N. hesperica (10)

MoOLERO& al. (1996a)2);

MENDES(200Za)* (7)

Cédiz, Zahara de la Sierra (36° 50’ N, 5° 24’ W)%3t2011,1M + 1F,
Ref.Z249:.

Tab. S1.9: Interactions of ants of the genBsthriomyrmex EMERY, 1869 (sp. indet.) with silverfish. Two types of in-
teractions, one of them new (marked with bold ottaraand grey background). Two interactions fromior statistic
study (one of them previously published), no addéi interactions from literature.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (1)

MOLERO& al. (199¢b)

L. chlorosoma (1)

Zamora, Castronuevo, Valderaduey river (41° 436N32’ W), 24-9-1992,
3M + 1F + 2], Ref. Z188

Tab. S1.10: Number of the different types of interactions nfsaof the genu€amponotus with silverfish. 30 types of
interactions, 25 of them reported in ContinentahiSpthree of them new. 95 interactions from sampieSpain for
statistic study (60 of them previously publishelfj,additional Western-Palaearctic interactions fidemature not in-

cluded in statistics.

Camponotus | Av | Pp | Lc | Necr | Neu Nd | Nh | NI Np | Nso | Nsp | Nw | Ti | Tot | Lit | Lit
species stat | not
incl
C. aethiops 5 4 2 11 7 2
C. cruentatus 14 22 1 2 1 1 41 20 5
C. ligniperda 1
C. cf. micans 1 1 2 2 0
C. nylanderi 0 0 1
C. pilicornis 5 3 1 1 1C 9 0
C. sichdli 1 1 1 0
C. sylvaticus 2 1C 1 5 2 1 2 23 17 2
C.sp 2 1 1 1 1 6 4 4

Tab. S1.11: Detailed references of interactions of ants idientiasCamponotus aethiops (LATREILLE, 1798) with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (7)

CGRASSI& ROVELLI (1890)*,
referred a<C. marginatus,

MENDES& BACH (1981)*(1);

MoLERO& al. (199¢b) (5)

N. curtiseta (4)

Burgos, Castrojeriz (42° 16’ N, 4° 06’ W), 26-09;2F, Ref. Z1927.
Cuenca, Gascuefia (40° 17’ N, 2° 30’ W) 19-08-92,+110, Ref. Z1105.
Navarra, Yesa, road intersection to the Leyre mena$42° 37’ N, 1° 09’
W), 10-07-92, 2F, Ref. Z1707. Soria, Berlanga de Buerad to Andaluz
(41° 28" N, 2° 51’ W), 2-08-92, 2M + 2F + 8J, Ref. Z195

N. wasmanni (2)

MOLERO & al. (199¢€a) (2)




Tab. S1.12: Detailed references of interactions of ants idedifasCamponotus cruentatus (LATREILLE, 1802)with

silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (19)

Forel, referred by4$EHERICH | —
(1903)* (1) MENDES(1980a)*
(2), MENDES(2002a)*(2),
MoLERO& al. (1998b) (14

N. curtiseta (22)

Guu & al. (1987)(1);

MoLERO& al. (1992)(2) 09-92, 1M + 4F together witR. pseudolepisma, Ref. Z1827. Badajoz,

Avila, Mufiana, road to Puerto de las Fuentes (ZO0N35° 02’ W), 22-

Valencia del Mombuey (38° 13" N, 7° 05’ W), 02-09;8M + 2F + 27,
Ref. Z0727. Barcelona, Sitges, Garraf mountains {51\, 1° 48’ E),
21-V-92, 3M+1F+1J, Ref. Z1600, published iMRo & al., 1994b as
hosted byCamponotus sp. Caceres, Berzocana (39° 26’ N, 5° 27’ W), 07-
06-91, 1M, Ref. Z0857. Céaceres, Cabezuela del Valle 14’ N, 5° 49’
W), 07-06-91, 3M, Ref. Z0756. Caceres, Las Hur8esitibafiez el Alto,
C-513, Km 65 (40° 11' N, 6° 33’ W), 08-06-91, 4MefRZ0731. Cuenca,
Abia de la Obispalia (40° 01" N, 2° 24’ W), 16-09;9M + 1F, Ref. 21231
Cuenca, Cafiizares, road to Beteta, pine-tree for@sB# N, 2° 09’ W),
20-08-92, 1M + 1F, Ref. Z1138. Granada, Castrddrto Benamaurel (377
47" N, 2° 46’ W), 24-10-91, 1M + 1F, Ref. Z1047.¢a, Corteconcepcion,
Aracena pond (37° 53" N, 6° 28’ W), 27-03-92, 1Ff.R®978. Huelva,
Santa Barbara de Casa, road to Paymogo, grasslahd®3ay, 7° 13’
W), 28-03-92, 4F + 2J together with hesperica, Ref. Z1025. Huesca,
Benabarre, road to Lérida (42° 03’ N, 0° 29’ E),d#492, 7M + 3F, Ref.
Z1759. Huesca, Loporzano, near Sipan (42° 10’ N;OW), 09-07-92,
1M and several juveniles, together wihwasmanni andP. pseudol episma,
Ref. Z1733. Os de Balaguer (Lérida), Serra del Conir? 52’ N, 0°
44’ E), 15-07-92, 2M, Ref. Z1625. Olmeda de las Fee(Madrid), road
to Mondéjar (40° 21’ N, 3° 10’ W), 13-09-91, 1F, REf203. Tarragona
mountain pass of Falset (41° 08’ N, 0° 50’ E), 492, 1F together with
P. pseudolepisma, Ref. Z1608. Toledo, grassland with oaks, nearrPola
and Guadamur (39° 49’ N, 4° 10’ W), 12-09-91, 1MF; Ref. Z1208.
Valladolid, Castromonte, Torozos forest, near Laifzsspnonastery (41°
44’ N, 5° 05’ W), 26-09-92, 1F, Ref. Z1929. Zamdfarmoselle, beside
Tormes river (41° 16’ N, 6° 23’ W), -09-92, 3M + 3F, RefZ1839

(7]

N. hesperica (1) MoLERO& al. (1996a) (1 -

N. lusitana (2) Albacete, Alcaraz mountains, road to Ridpar (38°N812° 26’ W), 27-
10-91, 1J, Ref. Z1187. Céaceres, Alia, Guadarrangee (39° 28’ N, 5°
08’ W), €-6-91, 1M, Ref.Z808.

N. pallida (1) MoOLERO& al. (1995b) (1 -

N. wasmanni (1)

MoLERO& al. (1996a) (1 -

Tab. S1.13: Detailed references of interactions of ants idiesttiasCamponotus ligniperda (LATREILLE, 1802) with

silverfish.

Species of Zygentoma (number of samples)

Literature references New data

P. pseudolepisma (1)

EscHERICH(1903)* (mention of a reference from Wasmann)-
referred a:Grassiella polypoda (1)

Tab. S1.14: Detailed references of interactions of ants idedtifaisCamponotus cf. micans (NYLANDER, 1856) with

silverfish.

Species of Zygentoma (number Literature

of samples)

references

New data

N. curtiseta (1)

Jaén, road N-322 near Villarrodrigo (38° R9'2° 42" W), 4-4-92, 1M,
together withN. spectabilis, Ref. Z954

N. spectabilis (1)

Jaén, road N-322 near Villarrodrigo (38° 29' N42° W), 4-4-92, 1M,
together witl N. curtiseta, Ref. Z206.




Tab. S1.15: Detailed references of interactions of ants idieatiasCamponotus nylanderi EMERY, 1921 with silverfish.

Species of Zygentoma (number of samples)

Literature references New data

Tricholepisma aurea (1)

PAacLT (1967)* (1) -

Tab. S1.16: Detailed references of interactions of ants idietiasCamponotus pilicornis (ROGER 1859) with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (5)

MoLERO& al. (1992)(3); MoLERO& al. | —

(1998b) (2

N. curtiseta (3)

MoOLERO& al. (1992)(2)

Andujar (Jaén), Jandula Pond, 03-03-1991 Refl, 70522
(reported a:Camponctus sp. inMoLERO & al. 1992,

N. delator (1)

MOLERO& al. (1992) (asN. iberica) (1) | -

N. wasmanni (1)

MOLERO& al. (1996a) (1

Tab. S1.17: Detailed references of interactions of ants idexatiasCamponotus sicheli MAYR, 1866 with silverfish.

samples)

Species of Zygentoma (number of

Literaturereferences

New data

P. pseudolepisma (1)

Reported from Balearitslands byMoLERO& al. (1998b) (1 -

Tab. S1.18: Detailed references of interactions of ants idiedtiasCamponotus sylvaticus (OLIVIER, 1792) with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

A. valenciana (2)

MoLERO& al. (1998b) (2

P. pseudolepisma (10)

GAJu & BAcH (1987)(2);
MoLERO& al. (1998b) (9

N. crassipes (1)

Mora de Ebro (Tarragona), road to Gandesa (41NQB° 56’ E), 25-5-
1992, 3M+4F+1J, Ref. Z15.

N. curtiseta (7)

MENDES (1980a)* (1),
MENDES(1988)*(1)

Lanjarén (Granada), road to Orgiva (36° 54’ N, 8°W/), 18-03-92, 1F,
Ref. Z1033. Huelva, EI Campillo, from Zalamea la Realabugo, near
Odiel river (37° 43’ N, 6° 42' W), 29-03-92, 1M 1+ 1J, Ref. Z0963.
Murcia, near San Pedro mountain pass from MontedBlam Sucina (37
57" N, 0° 57" W), 11-04-92, 3M + 1F + 2J, Ref. Z1448urcia, Totana,
Sierra Espufia (37° 49’ N, 1° 36’ W), 15-04-92, REf. Z1529. Valencia,
Requena, road to Casas-lbafiez near Cabriel rive2(BN, 1° 21’ W),
28-04-92, 2F, Refz1314.

N. pallida (2)

MOLERO& al. (1995a) (2

N. wasmanni (1)

MoLERO& al. (1996a) (1

T.indalica (2)

MoOLERO& al. (1995a) (2




Tab. S1.19: Detailed references of interactions of ants idexatiasCamponotus sp. with silverfish.

Species of Zygentoma Literaturereferences New data

(number of samples)

A. formicaria (1) KRATOCHVIL (1945)* (1) -

P. pseudolepisma (2) MOLERO& al. (1998b) (2 -

L. chlorosoma (2) MENDES(2002a)(1) Ciudad Real, Fuencaliente, Sierra Madrona, Pigdcaita (38° 23’

N, 4°17' W), 1:-3-88, 1M, Ref. Z198.

N. curtiseta (2) MoLERO& al. (1992)(1); -

MENDES(200z2a) (1)

N. soerenseni (1) MoLERO& al. (1994c) (1 -

N. spectabilis (1) Valencia, Casinos (39° 42’ N, 0° 45’ W), 29-4-9€, tbgether with

P. pseudolepisma, Ref. Z133¢

N. vulcana (1) MENDES(1997) (1) -

Tab. S1.20: Number of the different types of interactions nfsaof the genu€ataglyphis with silverfish. Eight types of
interactions, five of them reported in Contineriglain, four of them new. 13 interactions from sasmf Spain for

statistic study (only one of them previously pufid), four additional Western-Palaearctic intematdifrom literature
not included in statistics.

Cataglyphis species Pp Ncu Nsp Tot Lit stat Lit not incl
C. hispanica 1 7 1 9 1

C. iberica 2 2

C. velox + C. cf. velox 2 2

C. viatica 4

Tab. S1.21: Detailed references of interactions of ants idietiasCataglyphis hispanica (EMERY, 1906)with silverfish.

Species of Zygentoma | Literature New data

(number of samples) references

P. pseudolepisma (1) MoLERO& al. | —
(1998b) (1

N. curtiseta (7)

Badajoz, Siruela, road to Agudo (38° 58’ N, 4° 89, 01-05-91, 4M + 2F, Ref. Z0762
Céceres, Santibafiez el Alto, CC-513, Km 65 (40° 118N\33’ W), 08-06-91, 2H,
Ref. Z0755. Céaceres, Serradilla, Monfragiie Nat. P29k 49’ N, 6° 01’ W), 27-03-
91, 1M, Ref. Z0861. Huelva, Aroche, road to Cortegedv° 57’ N, 6° 55’ W), 28-03-
92, 3M + 1F, Ref. Z0961. Huelva, Rosal de la Fronteibera Calaboza (37° 54’ N,
7°12' W), 28-03-92, 2M + 6F + 1J together wihspectabilis, Ref. Z1004. Jaén, Cas-
tellar (38° 15" N, 3° 07" W), 30-04-92, 16M and seal females and juveniles, togethe
with N. spectabilis, Ref. Z0958. Madrid, Rozas del Puerto, road C-501 &ill@a (40°
18’ N, 4° 30" W), 2:-07-92, 1F, RefZ1099

N. spectabilis (1)

Rosal de la Frontera (Huelva), Ribera Calaboza (87RI57° 12’ W), 28-03-92, 3M +4
1F together with\. curtiseta, Ref. Z2055. Jaén, Castellar (38° 15’ N, 3° 07’ @0
04-92, 2M and several females and juveniles, togetfitbrN. spectabilis, Ref. Z095¢8

Tab. S1.22; Detailed references of interactions of ants idexatiasCataglyphisiberica (EMERY, 1906) with silverfish.

Species of Zygentoma
(number of samples)

Literature
references

New data

N. curtiseta (2)

Zaragoza, Belchite, near Pueyo sanctuary (41R18° 50’ W), 27-06-92, 1F, Ref. Z1742;
Zaragoza, Caspe, road to Alcafiiz (41° 11’ N, 0°\l0), 27-06-92, 1F, RefZ1651




Tab. S1.23: Detailed references of interactions of ants idientias Cataglyphis velox SANTSCHI, 1925 orC. viatica
(FAaBRICIUS, 1787)with silverfish. References in the literatureQoviatica in the Iberian Peninsula must be attributed to
C. velox (or related species, identified hereGasaglyphis cf. velox).

Species of Zygentoma | Literaturereferences New data
(number of samples)

Lepismina emiliae (1) ESCHERICH(1903 (1)

N. curtiseta (2) MOLERO& al. (1992) Granada, Padul, Venta del Fraile, road to Otivémijara mountains (37°
(published aC. viatica) | 01’ N, 3° 40’ W), 2(-03-92, 3F, Ref. Z09¢.

N. spectabilis (1) MENDES(1988)" (1) -

N. wasmanni (2) ALFIERI (1932)* (1); -

ESCHERICH(1903)* (1.

Tab. S1.24: Number of the different types of interactions of antsfud genuCrematogaster with silverfish. Five types
of interactions, four of them reported in Spaing toef them new. Eight interactions from samples p&i8 for statistic
study (two of them previously published), one addl interaction in Western-Palaearctic from hteire not included
in statistics.

Crematogaster species Lb Lc NI Tot Lit stat Lit not incl
C. auberti 2 3 1 6 2 0
C. laestrygon 1 1 0 0
C. scutellaris 0 0 1
Crematogaster sp 1 1 0 0

Tab. S1.25: Detailed references of interactions of ants idietiasCrematogaster auberti EMERY, 1869 with silverfish.

Species of Zygentoma | Literaturereferences New data
(number of samples)

L. baetica (2) MoLERO& al. (1994a) (1)| The sample bf chlorosoma in BAcH & GaJu (1987) correspond actually
to L. baetica.
L. chlorosoma (3) Gau & al. (1987)(1) Toledo, Corral de Almaguer to Lillo (39° 45’ B 12’ W), 19-8-1992, 1J,

Ref. Z1179. Zamora, Tabara, near Ferreras de ABajp52’ N, 6° 0’ W),
24-9-92, 1J, Ref. Z18E¢.

N. lusitana (1) Jaén, road N-322 near Villarrodrigo (38° 29’ N4Z° W), 24-2-92, 2M +
1J, Ref.Z095:.

Tab. S1.26: Detailed references of interactions of ants idietiasCrematogaster laestrygon EMERY, 1869 with silver-
fish. This represents a new interaction (markedh witld character) and the first citationlofbaetica for the Balearic
islands.

Species of Zygentoma | Literaturereferences | New data
(number of samples)

L. baetica (1) Majorca, punta Amer, Sa Coma (39° 34’ N, 3° 23'@)|, + 1F, RefZ1298

Tab. S1.27: Detailed references of interactions of ants idientias Crematogaster scutellaris (OLIVIER, 1792)with
silverfish.

Species of Zygentoma (number of samples) Literaturereferences New data

L. choloroma (1) Citec asL. lucasi by GRAssI& ROVELLI (1890)* (1, -




Tab. S1.28: Detailed references of interactions of ants idexatiasCrematogaster sp.with silverfish.

Species of Zygentoma Literaturereferences | New data
(number of samples)

L. chlorosoma (1) Céaceres, Cafiaver(39° 48' N, 6° 22’ W) 3C-3-91, 2M + 2F, Re Z0751.

Tab. S1.29: Interactions of ants of the gen83lenopsis WEsTwoonR 1840 with silverfish. Species fugax (LATREILLE,
1798).0ne interaction from the literature, none repoite8pain.

Species of Zygentoma (number of samples) | Literaturereferences New data

N. balcanica (1) MENDES (1988)* -

Tab. S1.30: Number of the different types of interactions afsaof the genuformica s.lat. with silverfish. Eleven
types of interactions, seven of them reported iailgpone of them new. 42 interactions from sampfeSpain for sta-
tistic study (27 of them previously published),vele additional Western-Palaearctic data of intévastfrom literature
not included in statistics.

Formica (s.lat.) species Pp Ncu NI Np Tot Lit stat Lit not incl
F. cinerea 0 1
F. fusca 0 1
F. gerardi 1 1 2 2 0
F. rufibarbis 1 1 0 0
F. sanguinea 1
F. subrufa 8 28 2 1 39 25 0
Formica sp 0 0 10

Tab. S1.31: Detailed references of interactions of ants idetiasFormica cinerea MAYR, 1853with silverfish.

Species of Zygentoma (number of samples) | Literaturereferences New data

A. formicaria (1) SILVESTRI (1942)* (1) -

Tab. S1.32: Detailed references of interactions of ants idietiasFormica fusca LINNEUS, 1758with silverfish.

Species of Zygentoma (number | Literaturereferences New data
of samples)
A. formicaria (1) SILVESTRI (1942)* (1). Perhaps this referenceRdusca is based on a | —

report of Janet mentioned ESCHERICH(1903)

Tab. S1.33; Detailed references of interactions of ants idexatiasFormica gerardi BONDROIT, 1917with silverfish.

Species of Zygentoma (number of samples) Literaturereferences New data
P. pseudolepisma (1) MoLERO& al. (1998b) (1 -
N. pallida (1) MoLERO& al. (1995b) (1 -

Tab. S1.34: Detailed references of interactions of ants idietiasFormica rufibarbis FABRICIUS, 1793with silverfish.

Species of Zygentoma Literaturereferences New data
(number of samples)

N. curtiseta (1) Teruel, Escorihuela (40° 31’ N, 0° 57’ W),-8-92, 2F, Ref. Z171.




Tab. S1.35: Detailed references of interactions of ants idietiasFormica sanguinea LATREILLE, 1798with silverfish.

Species of Zygentoma (number of Literaturereferences New data
samples)
A. formicaria Wasmanr referred to byESCHERICH(1903)* (1. -

Tab. S1.36: Detailed references of interactions of ants idetiasFormica subrufa ROGER 1859with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (8)

MoLERO& al. (1992)(2);
MoLERO& al. (199¢b) (6)

N. curtiseta (28)

BacH & Gaju (1987)(12),
Gaiu & al. (1987)(1),
MoLERO& al. (1992)(2)

Albacete, Ossa de Montiel, La Lengua lagoon (38N\g&° 51’ W), 26-
05-92, 1M, Ref. Z2063. Badajoz, Siruela, road to Ag(RB° 58’ N, 4° 59’
W), 01-05-91, 1M + 1F, Ref. Z0818. Caceres, Alcantanad, CC-912 Km
16 (39° 35" N, 6° 18’ W), 02-03-89, 1M + 2F + 3J,fR&0736. Ciudad
Real, Retuerta del Bullaque, Torre de Abraham pontiZ29N, 4° 14’ W),
12-09-91, 1M + 1F, Ref. Z1192. Cérdoba, Cardefia, toadllanueva (38°
17" N, 4° 24’ W), 12-07-89, 1F, Ref. Z0449. Coérdpblarnachuelos, Bona-
jarafe river, 1F incorrectly identified &6 spectabilisin BAcH & Gaju (1987),
Ref. Z0020. Cuenca, Huete, road to Carrascosa del C&apO7’ N, 2°
41’ W), 16-09-91, 1M + 1F, Ref. Z1240. Guadalaj&astrana, near Tajo
river (40° 22’ N, 2° 54’ W), 13-09-91, 1J, Ref. Z8 Huelva, El Campillo,
road to Minas de Riotinto (37° 41’ N, 6° 37" W), 83-92, 2M + 3F + 1J
together withP. pseudolepisma, Ref. Z1020. Jaén, Hinojares, from Tiscal
to Pozo Alcon (37° 44’ N, 2° 59’ W), 24-10-91, 3MLF, Ref. Z1061. Va-
lencia, Cofrentes (39° 13’ N, 1° 05’ W), 25-04-9F, 4 2J, Ref. Z1484.
Valencia, Vilamarxant (39° 32’ N, 0° 38’ W), 27-@2, 1M + 1F, Ref.
Z1457. Zaragoza, Mequinenza, road to Caspe (41N10° 09’ W), 26-06-
92, 1F together witP. pseudolepisma, Ref. Z170..

N. lusitana (2)

BacH & GaJu (1987)(1)

Albacete, Ossa de Montiel, La Lengua lagoori &8 N, 2° 51’ W), 26-
05-92, 1M, Ref. Z115.

N. pallida (1)

MoLERO& al. (199%h) (1)

Tab. S1.37: Detailed references of interactions of ants idextiasFormica sp.with silverfish.

Species of Zygentoma (number of Literaturereferences New data
samples)
A. formicaria KRATOCHVIL (1945)* (1) -

P. pseudolepisma (5)

MENDES(1982)* (1); MENDES(2002a)* (4) -

N. curtiseta (3)

MENDES(198(a)* (1); MENDES(1988) (1); MENDES(2002a)* (1) -

N. hesperica (1)

MENDES(1982)* (1) -

Tab. S1.38: Interactions of ants of the genGeniomma EMERY, 1895 with silverfish.Goniomma blanci: This is the
first time, as far as we know, that a Zygentomeefgorted in a nest of this genus of ants. The sampk published in
MOLERO& al.(1992), but in this work no reference to the ans walicated. So at this moment the interactiorierred
as new. This interaction is not included in Talleend S2.1, but in Table 5 of the main documentesihe specimen
of Lepismatinae was in bad condition and it wapaossible to identify it at species level.

Species of Zygentoma
(number of samples)

Literature references

New data

Neoasterolepisma sp. (1)

Granada, road from Guadix to Baza (37° 23’ N, 3°W}, 21-6-86. 1F.
Ref. Z021E




Tab. S1.39: Number of the different types of interaction otsanf the genu&asius FABRICIUS, 1804 with silverfish.
Thirteen types of interactions, ten of them repbite Spain, one of them new. Nineteen interactivom samples of
Spain for statistic study (18 of them previoushblghed), twelve additional Western-Palaearctiadat interactions
from literature not included in statistics.

Lasius species Av Pp Ls Ncu Nh Nw Tot Lit stat | Lit notincl

Lasiusalienus 1 1 1 2

L. brunneus 5 5 5 1

L. emarginatus 1 1 1

L. flavus 1 1 1 2

L. niger 1 6 1 1 1 1C 9 5

L. umbratus 0 0 1

Lasius sf. 1 1 2 2 1
Tab. S1.40: Interactions of ants identified &asius alienus (FORSTER 1850)with silverfish.

Species of Zygentoma | Literaturereferences New data

(number of samples)

P. pseudolepisma (3) Wasmann, refred byEscHERICH(1903)*, (1);MENDES(1980a)* (1) MOLERO& al. (1998b | —

Tab. S1.41: Interactions of ants identified &asius brunneus (LATREILLE, 1798)with silverfish.

Species of Zygentoma Literaturereferences New data
(number of samples)

P. pseudolepisma (6) Wasmann, rerred byESCHERICH(1903)* (1);MOLERO& al. (1998b) (5 -

Tab. S1.42: Interactions of ants identified &asius emarginatus (OLIVIER, 1792)with silverfish.

Species of Zygentoma (number of samples) Literaturereferences New data

P. pseudolepisma (1) MoOLERO& al. (1998b) (1 -

Tab. S1.43:; Interactions of ants identified &ssius flavus (FABRICIUS, 1781)with silverfish.

Species of Zygentoma (number of samples) | Literaturereferences New data

A. formicaria (2) SILVESTRI (1942)* (1); perhaps based in a reference of Janet| —
mentioned b\ESCHERICH(1903);PARMENTIER & al. (2013)’

P. pseudolepisma (1) MoLERO& al. (1992) (1 -

Tab. S1.44: Interactions of ants identified &asius niger with silverfish.

Species of Zygentoma | Literaturereferences New data
(number of samples)

A. formicaria (3) STACH (1929)* (1); SILVESTRI (1942)* (1); CHRISTIAN (1994)* -

A. valenciana (1) MoOLERO& al. (1998b) (1 -

P. pseudolepisma (8) Wasmann, referred to bysEHERICH(1903)* (1); RcLT (1961)* | —
(1); MoLERO& al. (1998b) (6

L. saccharina (1%) Granada, Guéjar-Sierra, Vereda d
la Estrella (37° 08’ N, 3° 23" W),
1400 m, 1J, ReZ206¢.

¢

N. hesperica (1) MoLERO& al. (1996a) (1 -

N. wasmanni (1) MoLERO& al. (1996a) (1 -




Tab. S1.45:; Interactions of ants identified &asius umbratus (NYLANDER, 1846)with silverfish.

Species of Zygentoma Literaturereferences New data
(number of samples)

A. formicaria (1) JANET (1896)* explained the cleptobiotic behavior of thilverfish (1 -

Tab. S1.46: Interactions of ants identified &asius sp.with silverfish.

Species of Zygentoma (number of samples) Literaturereferences New data
A. formicaria (1) KRATOCHVIL (1945)° (1) -
P. pseudolepisma (1) MoLERO& al. (1992’ (1) -
N. curtiseta (1) MoLERO& al. (1992 -

Tab. S1.47: Interactions of ants of the genuepithema MAYR, 1866 with silverfish. One interaction. three sarsple
for Spain for statistic study (all of them previbupublished), four additional Western-Palaeardtta from literature
not included in statistics.

Linepithema species Pp Tot Lit stat Lit not incl

Linepithema humile 3 3 3 4

Tab. S1.48: Interactions of ants identified a&gnepithema humile MAYR, 1868with silverfish.

Species of Zygentoma (number Literaturereferences New data
of samples)
P. pseudolepisma (7) MENDES(1980a) (3)MoOLERO& al. (1998) (3);MENDES(200za) (1. -

Tab. S1.49: Interactions of ants of the genMeessor with silverfish. 51 interactions, 47 of them refgarin Spain, 12 of
them new. 461 samples for Spain for statistic stddyr of them previously published), 109 additionédstern-Palae-
arctic data from literature not included in statist

Messor Av | Pp | Lc | Ls | Nb [ Ner [Ncu| Nd | Nf | Ng | NI | Np | Nso|[Nsp| Nw | Ta | Tot | Lit | Lit
species stat | not
incl
M. barbarus 2| 17 3| 29 4 1| 32| 12| 38 1) 11| 77| 21 3/251| 93 51
M. bouvieri 3 2 3 5 3 18 6 4C| 14 2
M. capitatus 8 1 8| 13 2 1 7 1€ 5 61| 15 12
M. hispanicus 5 3 1 1 3 6 1¢ 5 0
M. structor 6 1 1) 10 2 1 3 1C 6 1| 41| 16 3
Messor sp 1C 1 3 8 2 6 1| 1€ 2 4¢| 14 41

Tab. S1.50: Interactions of ants identified &%essor barbarus (LINNAEUS, 1767)with silverfish.

Species of Zygentoma | Literaturereferences | New data
(number of samples)

A. valenciana (2) MoLERO& al. (1998b)| -
2

P. pseudolepisma (17) | MoLERO& al. (1992) |-
(3); MoLERO& al.
1998b (14




N. balearica (3)

MOLERO& al. (1998a)
3

N. crassipes (30)

ESCHERICH(1905)*
(1); BacH & al. (1993)
(2); MOLERO& al.
(1994b) (1)

Barcelona, Monistrol de Montserrat (41° 36’ N, 1° BY, 21-05-92, 1M + 1F +
4] together wittN. wasmanni, Ref. Z1578. Barcelona, Olivella (41° 18’ N, 1°
49’ E), 16-05-92, 2M + 2F + 2], Ref. Z1566. Barceldsant Quinti de Medion
(41° 28' N, 1° 39' E), 19-05-92, 2M + 2F + 7J, RE1.558; Barcelona, Sentme
nat, road to Sabadell (41° 35’ N, 2° 07’ E), 2395-3M + 2F together with.
balearica, Ref. Z1562. Castelldn, Alcala de Chivert (40° 180811’ E), 28-
04-92, 3M + 1F + 19J together with foreli andP. pseudolepisma, Ref. 21499.
Castellon, Chert (40° 31' N, 0° 06’ E), 15-05-9% fogether with\. fordli, Ref.

Z.1427. Gerona, Llagostera (41° 49’ N, 2° 57’ B);05-92, 4M + 5F + 5J, Ref.
Z1591. Huesca, Albalate de Cinca (41° 43’ N, 0°BB'26-06-92, 3F + 1J, Ref.

Z1678; same locality and date, in another nest, 32 + 2J together witN.
wasmanni, Ref. Z1690; Huesca, Candasnos, road N-II to Pefaibd04 (41°
30N, 0° 01’ E), 25-06-92, 2M + 3F + 1J togethettviN. wasmanni, Ref. Z1668;
same locality and date, in another nest, 1M + 4Etteer withN. wasmanni, Ref.
Z71687; Huesca, Lalueza to Marcén (41° 52’ N, 0°W, 25-06-92, 1F, Ref.
Z1686. Navarra, Carcastillo, road to Sadaba (42N\e@° 25’ W), 23-06-92,
3M + 3F, Ref. Z1777; Navarra, Los Arcos, road tondg42° 33' N, 2° 14’ W)
23-06-92, 2M + 1J, Ref. Z1772; Navarra, Pitillas®(22’' N, 1° 35’ W), 23-06-
92, 11M + 6F + 10J together wikh pseudolepisma, Ref. Z1665; Navarra, Ta-
falla, road to Estella (42° 32' N, 1° 46’ W), 23-08, 1F + 5J, Ref. Z1762. Tarra
gona, Segur de Calafell (41° 12" N, 1° 38’ E), 2491, 6M + 4F + 1J together
with T. aurea andP. pseudolepisma, Ref. Z1617; Tarragona, La Bisbal del Pen
dés, Can Gordey (41° 15" N, 1° 28’ E), 18-05-92tdgkther withN. wasmanni,
Ref. Z1583; Tarragona, Mas de Barberans (40° 49°N3’ E), 15-05-92, 1F,
Ref. Z1587. Teruel, La Fresneda, from Valderroboesltafiz (40° 56’ N, 0°
04’ E), 24-05-92, 1M + 1J together with wasmanni, Ref. Z1769. Zaragoza,
Caspe, road to Alcafiiz (41° 11’ N, 0° 10’ W), 2795-1M together withN.
wasmanni, Ref. Z1745; Zaragoza, Mequinenza (41° 19’ N, 0°WY 26-06-92,
11M + 3F together witiN. wasmanni, Ref. Z1743; Zaragoza, Pina de Ebro, L
Retuerta (41° 28’ N, 0° 21’ W), J. Blasco col., 195-1F, Ref. Z0600. Zara-
goza, Santa Cruz del Moncayo (41° 52’ N, 1° 45’ ?1},06-92, 1M, Ref. Z1696

Zaragoza, Zuera, road to Castejon (41° 55’ N, 0A8R'24-06-92, 4M + 4F tor

gether withN. wasmanni andP. pseudolepisma, Ref. Z1654; Zaragoza, Zuera,
road to Las Pedrosas (41° 58’ N, 0° 49’ W), 24-@6-BM + 2F and several ju-
veniles together wit N. wasmanni andP. pseudolepisma, Ref. Z176%

W)

11°)
1

[

N. curtiseta (6)

MENDES (198(a)* (1);
MOLERO& al. (1992)
(1); MeNDES (2002a)*

1)

Burgos, Cogollos (42° 12’ N, 3° 40’ W), -08-1992, 2M + 2F, Ref. Z185:
Céceres, Cafaveral, Alcantara pond (39° 44’ N, 6V2§'30-03-1991, 1M,
Ref. Z0792. Toledo, Corral de Almaguer, road to L{B8° 45’ N, 3° 12' W),
11-08-1992, 2M + 2F + 2], Ref. Z11.

N. delator (1)

MOLERO& al. (1996a)
@

N. foreli (38)

ESCHERICH(1903)*
(1); MeNDES (1980a)*
(4); MeNDESs (2002a)*
(1); MoLERO& al.
(1992) (6); MOLERO&
al.(1994b) (1); M>-
LERO& al. (1994c) (5)

Albacete, Estacion de Chinchilla (38° 53’ N, 1° ¥0), 24-04-92, 11M + 6F

+ 10J together witiN. wasmanni, Ref. Z1255; Albacete, Hellin, road to Liétor
(38° 31'N, 1° 47" W), 30-04-92, 2F + 1J, Ref. Z108dicante, Calpe, pefidn ¢
Ifach (38° 38’ N, 0° 04’ E), 13-04-92, 2M + 2F +,3dgether withN. gauthieri
calva, N. spectabilis, andA. valenciana, Ref. Z1355; Alicante, Gata de Gorgo
road to Lliber (38° 45’ N, 0° 02’ E), 13-04-92, 6M2F, Ref. Z1445; Alicante,
Orihuela, cape Roig (37° 53’ N, 0° 45’ W), 11-04-8%) +11F + 2J together
with N. gauthieri calva, Ref. Z1432. Almeria, Mojacar beach (37° 08’ N4®°
W), 10-04-92, 2F + 1J together with spectabilis, Ref. Z0888. Barcelona, Rubi
Can Oriol (41° 29' N, 2° 03’ E), 25-05-82, 1F togethvith N. balearica, Ref.
Z1550; same locality and date in another nest, 1NF+Ref. Z1548, Castellén
Altura (39° 51’ N, 0° 30’ W), 27-04-92, 10M + 11F84 together witiN. was-
manni, Ref. Z1479; Castellén, Cabanes (40° 08’ N, 0° 012B)04-92, 5M +
13F + several juveniles, together wilhspectabilis, Ref. Z1411; Castellon, Villa:
fames (40° 06’ N, 0° 04’ W), 28-04-92, 3M + 2F + R&f. Z1419. Granada,
Arenas del Rey, near Los Bermejales pond (36° 53°1%2’ W), 20-03-92, 11M
+ 6F + 2J, Ref. Z1000. Jaén, Arroyo del Ojanco, todduente de Génave (38
20' N, 2° 52" W), 24-04-92, 14M + 5F together withlusitana andP. pseudo-
lepisma, Ref. Z0945. Murcia, Caravaca road to Lorca, nedp&uiver (37° 59
N, 1° 55’ W), 26-10-1991, 6M + 3F + 1J, Ref. Z14RAurcia, Mazarrén (37°
36'N, 1° 17" W), 10-4-92, 17 M + 5F + 3] togethéth N. gauthieri calva, Ref.
Z1504. Murcia, Pliego (37° 58’ N, 1° 29’ W), 15-2,2M + 4F + 4J together
with N. gauthieri calva, Ref. Z1491. Murcia, Yecla, Sierra de las Pansa$%

le

v




28'N, 1° 08’ W), 1-04-1992, 3M + 5F + 2J togett with N. gauthieri calva,
Ref. Z1377. Toledo, Almorox (40° 14’ N, 4° 22' WR-D7-92, 2M + 1F to-
gether withN. lusitana andN. spectabilis, Ref. Z1130. Valencia, Alcira (39° 0
N, 0° 26’ W), 27-04-92, 1F together wikh gauthieri calva andN. spectabilis,
Ref. Z1422; Valencia, Cortes de Pallas, near EI @86 17’ N, 0° 55’ W), 25-
04-92, 11M + 11F + several juveniles, together Wtlgauthieri calva andN.
spectabilis, Ref. Z140¢

3

N. gauthieri + N.
gauthieri calva (14)

MENDES(1980a)* (2);
MOLERO& al. (1994c)
®)

Alicante, Busot (38° 29’ N, 0° 24’ W), -1-1992, 2M + 2F + 5 J, Ref. Z141
Alicante, Calpe, pefion de Ifach (38° 38’ N, 0° 04, £3-04-92, 1M + 2F +1 J,
together with\. foreli, N. spectabilis andA. valenciana, Ref. Z1356. Alicante,
Orihuela, cape Roig (37° 53’ N, 0° 45’ W), 11-04-82;+F + J together witl\.
fordi, Ref. Z1432. Murcia, Mazarron (37° 36’ N, 1° 17)V#0-4-92, 1J togethe
with N. foreli, Ref. Z2050. Murcia, Pliego (37° 58’ N, 1° 29’ WH-4-92, 2M
together withN. foreli, Ref. Z1493. Murcia, Yecla, Sierra de las Pans8% %8’
N, 1° 08’ W), 14-04-1992, 2 M + 2 F + several juiles, together with\. foreli,
Ref. Z1377. Valencia, Alcira (39° 08’ N, 0° 26’ W)7-04-92, 1M + 1F togethe
with N. foreli andN. spectabilis, Ref. 2142%

D
=

N. lusitana (52)

MENDES(198(a)* (10);
MENDES(1982)* (1);
BAacH & Gauu (1987)
(2); MENDES (1988)*
(3); MOLERO& al.
(1992) (6); MbLERO
& al. (1994b) (1)

Avila, Madrigal de las Altas Torres (41° 05’ N, 88’ W), 22-09-92, 1M + 2F
together with\. spectabilis, Ref. Z1806. Badajoz, Alconchel (38° 30’ N, 7° 0
W), 29-03-92, 1F together witk. spectabilis, Ref. Z0875; Badajoz, Mérida, Prg
serpina pond (38° 57’ N, 6° 22' W), 26-03-91, 2M.F together with\. specta-
bilis andN. soerenseni, Ref. Z0789; Badajoz, Monesterio, road to Zafra (38°
N, 6° 16’ W), 31-03-91, 3M + 2F together with spectabilis, Ref. Z0805; Bada-
joz, Villanueva del Fresno, Alcarrache river (38° R, 7° 08’ W), 29-03-92,
1M + 1F together withN. spectabilis, Ref. Z0865. Caceres, Alia, Guadarrang
river (39° 28’ N, 5° 08’ W), 06-06-91, 3M + + 3Jgmther withN. spectabilis,
Ref. Z0782; same locality and date, 2M + 1F in otlest together withl. spec-
tabilis, Ref. Z0793, and also in a third nest 12M + 7F w2l N. spectabilis,
Ref. Z0820; Casar de Caceres (39° 32’ N, 6° 27' W)0BB9, 1F together wit
N. spectabilis, Ref. Z0772; same locality and date, 1F in anatiest withN.
spectabilis, Ref. Z0777; Caceres, Cafiamero, Ruecas river@d, 5° 22’ W),
06-06-91, 4M + 5F + 2J together with spectabilis, Ref. Z0753; Caceres, Es-
curial, C-401 (40° 36’ N, 5° 56’ W), 01-03-89, 1Mgether with\. spectabilis,
Ref. Z0739. Ciudad Real, Puertollano (38° 42’ N, 4°\W0%, 09-11-91, 1M to-
gether withN. spectabilis, Ref. Z1102; Ciudad Real, Valdemanco de Esteras
road from Almadén to Agudo, next to Esteras rid3°(54’ N, 4° 47' W), 01-
05-91, 1M, Ref. Z1229. Cérdoba, Cardefia, road to Mon@8° 12’ N, 4° 19’
W), 02-06-91, 3F together witk. spectabilis, Ref. Z1076. Cuenca, Mota del
Cuervo, road to Belmonte (39° 31’ N, 2° 49’ W), 1395 1F together with.
spectabilis, Ref. Z2064. Guadalajara, Mondéjar, road to Almesgy40° 19’ N,
3° 04’ W), 13-09-91, 10J together wilhessor barbarus andN. spectabilis, Ref.
Z1189. Huelva Corteconcepcidn, near Aracena pontdg37N, 6° 28’ W), 27-
03-92, 1M, Ref. Z0939; Huelva, Rosal de La FrontBibera Calaboza (37° 5¢
N, 7°12' W), 28-03-92, 6M + 2F + 1J together withspectabilis andP. pseudo-
lepisma, Ref. Z0992; Huelva, Villanueva de Los Castillejgg(29' N, 7° 17’
W), 26-03-92, 1M together witN. spectabilis, Ref. Z0967. Jaén, Arroyo del
Ojanco, road to Puente de Génave (38° 20’ N, 28R'24-04-92, 1M + 1F
together withN. foreli andP. pseudolepisma, Ref. Z0946; Jaén, Castellar (38°
15" N, 3° 07’ W), 30-04-92, 2M, Ref. Z0959; Jaénn@¢e (38° 26’ N, 2° 45’
W), 24-04-92, 2M, Ref. Z0940. Madrid, Navas del R&y°(23' N, 4° 14’ W),
21-07-92, 3M + 1F, Ref. Z1111; Madrid, Rozas del Ruter Casillas (40° 18’
N, 4° 30’ W), 21-07-92, 1J together with spectabilis, Ref. Z1168. Méalaga,
Casares (36° 24’ N, 5° 16’ W), 06-12-91, 2F togethig¢h N. spectabilis andN.
soerenseni, Ref. Z1039; Mélaga, Valle de Abdalajis, road toral(36° 54’ N,
4° 41’ W), 06-12-91, 1F together witth spectabilis andP. pseudolepisma, Ref.
Z1056. Toledo, Almorox (40° 14’ N, 4° 22’ W), 22-@2, 3M + 4F + 1] togethe
with N. spectabilis andN. foreli, Ref. Z1131. Zamora, Castronuevo, near Val
deraduey river (41° 43’ N, 5° 32" W), 24-09-92, H\MRF + 6J together witN.
spectabilis, Ref. 21902

-

Dy

N. pallida (1)

MOLERO& al. (1995b)
@)

N. soerenseni (21)

MENDES(198(a)* (6);
MENDES(1982)*(1);
MENDES(1988)*(2);
MOLERO& al. (1994b)
(3); MOLERO& al.

Badajoz, Cabeza del Buey (38° 43’ N, 5° 12" W-6-91, 1 M together witIN.
spectabilis, Ref. Z0814. Badajoz, Mérida, Proserpina pond B3BN, 6° 22’ W),
26-03-91, 1M together witN. lusitana andN. spectabilis, Ref. Z0791. Huelva,
Villanueva de los Castillejos (37° 29" N, 7° 17" V26-03-92, 3M + 2F + 1J,

Ref. Z2069; same locality and date, in anothst, 6M + 2F, Ref. Z0968. Mala(




(1994c) (2);MENDES
(2002a)* (1)

Casares (36° 24’ N, 5° 16’ W)-12-91, 2M + ‘F together witrN. lusitana and
N. spectabilis, Ref. Z1040. Malaga, Mijas, road to Coin (36° 354R139’ W),
13-02-93, 1M together witiN. spectabilis; Ref. Z197€

N. spectabilis (88)

MENDES(198(a)* (9);
MENDES(1982)*(1);
GAU & al (1987)(1);
MOLERO& al. (1992)
(9); MOLERO& al.
(1994b) (3); MENDES
(2002a)* (1)

Alicante, Calpe, pefion de Ifach (38° 38’ N, 0° 04, E=-04-92, 4M + 9F + se-
eral juveniles, Ref. Z2046; Alicante, Salinas (38°[8, 0° 52’ E), 14-04-92, 3H
+ several juveniles, Ref. Z2049; Alicante, San Vteattel Raspeig (38° 25’ N,
0° 32'E), 11-04-92, 2M + 2F + 2J, Ref. Z1502. Alii@erAlcolea, Gador moun
tains northwards Berja (36° 56’ N, 2° 57’ W), 19-83-16M + 20F + 5J, Ref.
Z0972; Almeria, Mojacar beach (37° 08’ N, 1° 49’ Vip-04-92, 2M + 4F + 7]
Ref. Z0889. Avila, Madrigal de Las Altas Torres (45 N, 4° 58’ W), 23-09-
92, 8M + 15F + 16J, Ref. Z1807. Badajoz, Alconch8&P (30’ N, 7° 04’ W), 29-
03-92, 3M + 2F, Ref. Z0874; Badajoz, Cabeza del Bugy 43’ N, 5° 12’ W),
06-06-91, 1M + 2F, Ref. Z0813; Badajoz, La Pueblaldecer, near La Seren
pond, road to Cabeza del Buey (38° 57’ N, 5° 13’ 91}05-91, 5M + 15F + 1]
Ref. Z0757; same locality and date, 5M + 7F + 3dniather nest, Ref. Z0810;
Badajoz, Mérida, Proserpina pond (38° 57’ N, 6°\2Q; 26-03-91, 2M + 1],
Ref. Z0790; Badajoz, Monesterio, road to Zafra (3B°N) 6° 16’ W), 31-03-
91, 2F + 3J, Ref. Z0804; Badajoz, Talarrubias (39%,06° 14’ W), 06-06-91,
2M, Ref. Z0750; Badajoz, Usagre, Sierra de Almorc{8&t 20’ N, 6° 08’ W),
05-03-89, 2M + 3F, Ref. Z0734; Badajoz, VillanuevhResno, Alcarrache
river (38° 21’ N, 7° 08’ W), 29-03-92, 4M + 2F, R&0864; Badajoz, Zafra,
Sierra del Castellar (38° 24’ N, 6° 25’ W), 31-03-aM, Ref. Z0796. Caceres
Alia, near Guadarranque river (39° 28’ N, 5° 08’,\8§-06-91, 1M, Ref. Z0783;
same locality and date, 1F in another nest, Ref9Z0and 2M + 4F in a third
nest, Ref. Z0821; Céaceres, Berzocana (39° 26’ N, 5\2707-06-91, 1F, Ref.
Z0842; Céaceres, road N-630, Km 547 (39° 24’ N, 6}, 01-03-89, 2M,

Ref. Z0786; Caceres, Guadiloba pond (39° 18’ N, 6\ViI)7 30-03-91, 1M + 3F

+ 4], Ref. Z0837; Casar de Céceres (39° 32' N, 6¥\9)701-03-89, 2M + 1F +
1J, Ref. Z0773, and 1M + 1F + 2J in another nest, R&f78; Caceres, Carfia-
mero, near Ruecas river (39° 22" N, 5° 22’ W), 06906 1M + 1F, Ref. Z0754
Céaceres, Escurial (40° 36’ N, 5° 56’ W), 01-03-881 1 2F + 2J, Ref. Z0738.

Cédiz, Medina-Sidonia, road to Alcala de Los Gazw#e381, formerly C-440,
(36° 28’ N, 5° 52’ W), 13-07-90, 2F + 8J, Ref. Z04@stellon, Cabanes (40
08' N, 0° 01’ E), 28-04-92, 3F + several juvenilBef. Z1412. Ciudad Real, A
modévar del Campo, near Retamar (38° 40’ N, 4° 13'12)09-91, 4M + 2F +
1J, Ref. Z1126; Ciudad Real, Puertollano (38° 42’ N)%t W), 09-11-91, 2F +
1J, Ref. Z1101; same locality and date, 09-11-91 1B, Ref. Z1254. Cérdob
Cardefia, road to Montoro (38° 12’ N, 4° 19' W), @291, 3M, Ref. Z1075; Cor

doba, Obejo, Guadalbarbo river (38° 05’ N, 4° 49, 0b5-05-91, 6M, Ref. Z0564;

Cérdoba, Pozoblanco, Virgen de Luna hermitage (38N14° 43’ W), 12-07-
89, 1J, Ref. Z0453; Cérdoba, Puente-Genil, Siert&dstillo (37° 22’ N, 4°

41’ W), 20-03-93, 2M + 2F, Ref. Z1982. Cuenca, Maga@uervo, road to Belr

monte (39° 31’ N, 2° 49’ W), 13-05-92, 4F + 2J, REf236. Granada, La Puebl

de Don Fadrique, Toscana Nueva (37° 53’ N, 2° 2B’'28-10-91, 5F, Ref. Z1065;

Granada, Rubite, Contraviesa mountains (36° 49’ R®BW), 19-03-92, 1M +
3F + 4J, Ref. Z0988. Guadalajara, Mondéjar, roadnmguera (40° 19’ N, 3°
04’ W), 13-09-91, 6J, Ref. Z1190; Guadalajara,|@riload to Gargoles de Abajc
(40° 42’ N, 2° 36’ W), 23-08-92, 3M + 4J, Ref. Z1164uelva, Rosal de La
Frontera, Ribera Calaboza (37° 54’ N, 7° 12’ W),@392, 1M, Ref. Z0993;
Huelva, Villanueva de los Castillejos (37° 29’ N,I77” W), 26-03-92, several
juveniles, Ref. Z0966. Ledn, Villamafian (42° 18'94,35’' W), 25-09-92, 4M +
6F + 9J, Ref. Z1886. Madrid, Guadalix de la Siemad to Soto del Real (40°
46’ N, 3° 43’ W), 21-07-92, 1M, Ref. Z1227; Madridpzas del Puerto, C-501
road to Casillas (40° 18' N, 4° 30’ W), 21-07-92, Ref. Z1167. Malaga, Ala-
meda, near La Ratosa lagoon (37° 12' N, 4° 41’ W)1Q-91, 1M, Ref. Z1080
Malaga, Casares (36° 24’ N, 5° 16’ W), 06-12-91, tMIF + 1J, Ref. 21041,
Malaga, Coin, road to Tolox (36° 40’ N, 4° 47" W§-02-91, 1M + 6F + 1J,
Ref. Z1072; Malaga, Mijas, road to Coin (36° 35" R39’ W), 13-02-93, 1M +
1F, Ref. Z1977; Mélaga, Valle de Abdalajis, road\ora (36° 54’ N, 4° 41’ W),
06-12-91, 6M + 8F + 4J, Ref. Z1055. Murcia, Mazaym@ad to La Pinilla (37°
38'N, 1° 18’ W), 10-04-92, 2F + 1J, Ref. Z1505.8nahnca, Ledesma (41° 0
N, 6° 01’ W), 24-09-92, 2M + 2F, Ref. Z1918; SalamanSaucelle (41° 02’ N
6° 47' W), 23-09-92, 1M + 1F, Ref. Z1803; same ldgand date, 2M + 1F +
2J in another nest, Ref. Z1815, and 2M + 4F + 4ltlnrd nest, Ref. Z1869; S
lamanca, Valdelosa, near road N-630 (41° 12" \4B°W), 23-09-92, 1M + 2K
Ref. Z1813; same locality and date, 3M + 4F in haohest, Ref. Z1840. Toledg
Almorox (40° 14’ N, 4° 22" W), 22-07-92, 8M + 8F, R&1132. Valencia, Al-
cira (39° 08'N, 0° 26’ W), 2°-04-92, 2J, Ref. Z2048; Valencia, Cortes de Pa

V)

b

D

Ot

L




near El Oro (39° 17' N, 0° 55’ W), -04-92, 4F, Ref. Z2047. Valladolid, Ciga
(41° 45’ N, 4° 42’ W), 26-09-92, 3M + 2F + 3J, RE.854. Zamora, Castronuev,
besides Valderaduey river (41° 43’ N, 5° 32" W);@3+92, 2M + 9F + 7J, Ref.
Z1901; Zamora, Pereruela, near Pueblica del Cam@dar24’ N, 5° 49’ W),
24-09-92, 1F, Ref. Z1876; Zamora, Villar del Bueyad to Fermoselle, near L
Almendra pond (41° 19’ N, 6° 15’ W), -08-92, 2M + 3F + 2J, Ref. 2183

N. wasmanni (25)

ESCHERICH(1905)" (1);
ALFIERI (1932)*(2);
BacH & al. (1993) (3);
MENDES(1980a)*(1);
MOLERO& al. (1996a)
(18)

T. aurea (5)

GRASSI& ROVELLI
(1890)* (1); SLVESTRI
(1912)* (1)

Gerona, Blanes (41° 41’ N, 2° 4E), 22-05-1992, 2M + F + 1J, Ref. Z159€
Tarragona, La Bisbal del Penedés, Can Gordey (41R1%° 28’ E), 18-05-
1992, 1J, Ref. Z1582; Tarragona, Segur de Calafetl 12’ N, 1° 38’ E), 24-05
1992, F togethe with N. crassipes andP. pseudolepisma, Ref. Z161¢.

Tab. S1.51: Interactions of ants identified &essor bouvieri (BoNDROIT, 1918)with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudol episma (3)

MoOLERO& al.(1998b) (3

N. balearica (2)

MOLERO& al.(1998a) (2

N. crassipes (3)

BAacH & al. (1993) (1)

Huesca, Lalueza, road to Marcén (41°Ng2D° 16’ W), 25-06-1992, 2M + 1
+ 1J, Ref. Z1794; Tarragona, El Perellé (40° 530R41’ E), 15-05-1992, 1N
together witrP. pseudolepisma, Ref.Z157(.

N. curtiseta (5)

Céaceres. Cabezuela del Valle (40° 11’ N, 5° 49 M)6-1991, 1F, Ref. Z0854
Granada, La Puebla de Don Fadrique, road to Hué3¢as3' N, 2° 26’ W),
25-10-1991, 5M + 5F together witth spectabilis, Ref. Z2056; Valencia, Re-
quena, road to Casas del Rio (39° 20’ N, 1° 07’ \§)02-1992, 6M + 2F +
2J, Ref. Z1439; Zaragoza, Ariza, road to Bordalbd 11 N, 2° 04’ W), 20-
06-1992, 6M + 3F Ref. Z1753; Formentera (Baleariaris), Punta des Faro
(38°39'N, 1° 34’ E), 1-05-1992, 3M, Rf. Z1291

o

=

N. foreli (4)

MoLERO& al. (1994c)*
@

Albacete, Férez, road to Elche de la Sierra (38N22° 0’ W), 27-10-1991,
1M + 1F, Ref. Z1107. Almeria, Tijola, road to Se(8i° 20’ N, 2° 23’ W),

16-04-92, 1M + 1F, Ref. Z0892. Murcia, Yecla, siateaLas Pansas (38° 28
N, 1° 08’ W), 1+-04-92, 2M + 2J, Ref. Z145¢

N. spectabilis (18)

BacH & Gaiu(1987) (1);
MoOLERO& al. (1992) (2)

Almeria, Turre, Aguas river (37° 08’ N, 1° 55" W)0-04-92, 1M, Ref. Z0882.

Caceres, Hernan Pérez, CC-513, Km 48 (40° 12" N96¥9, 08-06-91, 1M,
Ref. Z0760. Cuenca, Gascuefia (40° 18’ N, 2° 30'W9)08-92, 5M + 4F, Ref.
Z1104. Granada, La Puebla de Don Fadrique, ro&fliéscar (37° 53’ N, 2°
26’ W), 25-10-91, 4F, Ref. Z1077. Granada, Orgivad to Ugijar, near detou
to Albufiol (36° 52’ N, 3° 22" W), 19-03-92, 1M + 1Ref. Z1002. Murcia,

Aguilas, Cope cape (37° 26’ N, 1° 29’ W), 10-04-2®), Ref. Z1386. Murcia

Cartagena, near Canteras (37° 36’ N, 1° 03' W),4:@®, 1M + 2J, Ref. Z1371.

Murcia, Mazarrén, road to La Pinilla (37° 38’ N, 18’ W), 10-04-92, 6M +
1F + 1J, Ref. Z1506. Salamanca, Ledesma (41° 06°R1’ W), 24-09-92, 1M
Ref. Z1834. Segovia, near arroyo Tejadilla (40°864° 09’ W), 27-09-92,
1F + 17, Ref. Z1915. Valencia, Bicorp, road to QU884 07" N, 0° 46’ W),
26-04-92, 4AM + 4F + 2J, Ref. Z1347. Valencia, Casipote-tree forest near
road to Villar del Arzobispo (39° 42’ N, 0° 45’ W)9-04-92, 8F + 1J, Ref. Z133
Valencia, La Llosa de Ranés, N-340, Km 852 (39°Np10° 33’ W), 02-11-
91, 1M, Ref. Z1352. Valencia, Chera, road to So€Hera (39° 35’ N, 0° 57’
W), 29-04-92, 6F + 1J, Ref. Z1507. Zamora, Pefawserehr Tamame (41°
18" N, 5° 52’ W), 2:-08-92, 2M, Ref. Z185(

~

N. wasmanni (6)

MoOLERO & al. (1996a)
®)

Granada, Baza, road to Cullar (37° 30’ N, 2° 43’ 25;10-1991, 8M + 9F + 5
Ref. 21018 (published erroneouslyMoLERO & al. (1994l) as withM. barbarus).

T. aurea (1)

HANDSCHIN (1927)* (1.




Tab. S1.52: Interactions of ants identified &&essor capitatus (LATREILLE, 1798)with silverfish; cf. indicates that the

identification of the ant is not sure.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (8)

MOLERO & al. (1998b) (8

N. balearica (1)

MoOLERO & al. (1998a) (1

N. crassipes (8)

Barcelona, Caserras, road to Gironella (42° 01'™NT E), 23-05-92, 1F,
Ref. Z1634. Huesca, Benabarre, road to Lérida (42N26° 27’ E),14-07-
92, 1M + 2J, Ref. Z1760. Huesca, Riglos (42° 20’ N48' W), 11-07-92,
2M + 2F, Ref. Z1722. Lérida, Alfarras, road to Taiteade Litera (41° 50’
N, 0° 33’ E), 26-06-92, 8M + 2F together with wasmanni andP. pseudo-

lepisma, Ref. Z1588. Lérida Os de Balaguer, road to Balagberra del Cont

vent (41° 52" N, 0° 44’ E), 15-07-92, 1F, Ref. Z16Z4ragoza, Belchite,
Pueyo sanctuary (41° 18’ N, 0° 50’ W), 27-06-92, fidether withN. was-

manni andP. pseudolepisma, Ref. Z1791. Zaragoza, Luna, road to Erla (42

09’ N, 0° 56’ W), 24-06-92, 3M + 2F, Ref. Z1659.rdgoza, Santa Cruz de|
Moncayo (41° 2' N, 1° 45’ W), 21-06-92, 2F + 2J, Ref. Z17¢

N. curtiseta (16)

MENDES(1980a)*(2);
MENDES(1988)* (asM.
sancta) (1)

Burgos, Santo Domingo de Silos (41° 57’ N, 3° 24',2§-08-92, 1M + 4F
+ 4J, Ref. Z1922. Guadalajara, Herreria (40° 53LNg7" W), 22-08-92,
2M, Ref. Z1127. Lebn, Cebanico, from Valmartino tondhza (42° 43’ N,
5°02' W), 25-09-92, 1M +1F, Ref. Z1864; same |dgaind date, 1M +12F
+ 3J in another nest, Ref. Z1942. Ledn, Paradasead,to Villafranca del
Bierzo (42° 40’ N, 6° 47’ W), 13-7-1991, 1M, Ref. ZB Soria, Abejar
(41° 46’ N, 2° 46’ W), 25-08-92, 2M + 2F + 2J, RELL866. Soria, Alpan-
seque, Altos de Barahona (41° 16’ N, 2° 42' W), 3492, 1M + 2J, Ref.
Z1856. Soria, Deza (41° 28’ N, 2° 02’ W), 20-06-3R) + 1F, Ref. 21844,
Soria, Villasayas, road to Barahona (41° 20’ N, @°\%), 24-08-92, 3M +
3F, Ref. Z21939. Teruel, Albentosa (40° 06’ N, 0° ¥, 14-05-92, 4F +
3J, Ref. Z1790; Teruel, Bafion (40° 49' N, 1° 10’ \22;08-92, 2M, Ref.
Z1737. Teruel, Camarillas, road to Aliaga (40° 37'0845’ W), 21-08-92,
6M + 7F, Ref. Z1782; Teruel, Cafiizar del Olivar, Roele las Traviesas
(40° 48" N, 0° 39’ W), 21-08-92, 3M + 3F + 1J tolget withP. pseudole-
pisma, Ref. Z177&

N. fordi (3)

MENDES (1980a)* (asM.
sancta) (1)

Castelldn, Benicasim, Desierto de las Palmas (40NQ98° 02’ E), 28-4-
1992, 2F, Ref. Z1512. Valencia, Cofrentes (39° 131N0Q5' W), 25-4-92,
1M together wittN. gauthieri, Ref. Z148.

N. gauthieri calva (1)

Valencia, Cofrentes (39° 13’ N, 1° 05’ W), 25-4-2&) + 1F together with
N. foreli, Ref. Z148.

N. lusitana (8)

MENDES (1980a)* (asM.
sancta) (1)

Cuenca, Gascuefia (40° 18’ N, 2° 30’ W), 19-08-92,10F, Ref. Z1103.
Guadalajara, Brihuega (40° 45’ N, 2° 50" W), 2398B-1M together withN.
spectabilis, Ref. Z1199. Guadalajara, Casas de San Galindd,tcoJadraque
(40° 52" N, 2° 57" W), 23-08-92, 2M + 2F togetheittwP. pseudolepisma,
Ref. Z1222; Guadalajara, Retiendas, road to Tam@@hs8’ N, 3° 16’ W),
22-08-92, 1M + 1F together with. spectabilis, Ref. Z1136; Ledn, Valde-
polo (42° 34’ N, 5° 13' W), 25-09-92, 1M + 2F + &ef. Z1845; Madrid,
Valdemorillo, next to Pino-Alto (40° 30’ N, 4° 08V), 20-07-92, 1M, Ref.
Z1258. Palencia, Baltanas, road to Cevico Navero$41N, 4° 13’ W),
26-09-92, MM + 1F, Ref. Z189:

N. soerenseni (1)

MENDES (1980a)* (asM.
sancta) (1)

N. spectabilis (22)

BacH & GaJu (1987)(1);
MENDES(1980a)*(3),
MENDES(2002a)*(3), as
M. sancta

Albacete, Robledo (38° 44’ N, 2° 27" W), 24-04-9F, Ref. Z1210. Alme-
ria, Maria (37° 42’ N, 2° 09’ W), 26-10-91, 1F, REL069. Avila, El Hoyo
de Pinares, road to Valdemaqueda (40° 30’ N, 4V283'20-07-92, 3M +

4F, Ref. 21925. Avila, Mufiana, road to Las Fuentesintain pass (40° 37’
N, 5°02' W), 22-09-92, 1M + 1J, Ref. Z1832. Caste|IBejis (39° 54’ N,

0° 42’ W), 21-04-92, 2F + 3J, Ref. Z1438. Ciudad R8ahta Cruz de los
Cafiamos (38° 37’ N, 2° 51’ W), 30-04-92, 3M + 4F, REf084. Granada,
Castril, road to Benamaurel (37° 47’ N, 2° 46’ W), Ref. Z1044. Guada-
lajara, Brihuega (40° 45’ N, 2° 50’ W), 23-08-9F, 8 5J, Ref. Z1198. Gua-

dalajara, Retiendas, road to Tamajon (40° 58’ NL&°W), 22-08-92, 2M

o



+ 3F, Ref. Z1135. Huelva, Bollullos del Condad@ddo La Palma del Con
dado (37° 21’ N, 6° 32’ W), 31-03-92, 4M + 3F + R&f. Z0920. Segovia,
Sepulveda (41° 17’ N, 3° 46’ W), 27-08-92, 6M + &ef. Z1882. Sevilla,
Aznalcollar, road to Escacena (37° 29’ N, 6° 18',%/J-03-92, 1F, Ref.
Z0930. Valencia, Aras de Alpuente, road to Santaz @euMoya (39° 56’
N, 1° 09’ W), 14-05-92, 4M, Ref. Z1519. Valencia, @uites (39° 13’ N,
1° 05’ W), 25-04-92, 2M + 1F + several juvenilesf.#4483. Zamora, Fer-
moselle, near Tormes river (41° 16’ N, 6° 23’ W3;@9-92, 1M + 3F + 3J,
Ref. 21817

N. wasmanni (5)

MoOLERO & al. (1996a) (5

Tab. S1.53: Interactions of ants identified &dessor hispanicus SANTSCHI, 1919 with silverfish; cf. indicates that the
identification of the ant is not sure.

Species of Zygentoma | Literature New data

(number of samples) | references

P. pseudolepisma (5) MoLERO & al. | —
(1998b) (5

N. curtiseta (3*)

Albacete, Pefias de San Pedro, near La Solan@438F, 2° 0’ W), 30-04-92, 2M + 3F
+ 6J, together with. gauthieri calva andP. pseudolepisma, Ref. Z1183. Avila, Navatal-
gordo (40° 24’ N, 4° 51' W), 21-07-92, 1M + 2F, R&fL1949. Cuenca, Campillos-Para
vientos, road from Cafete to Landete (39° 58’ N33°W), 14-05-92, 4M + 8F + 1J to
gether withP. pseudolepisma, Ref. 21247

1

N. foreli (1*)

Albacete, Carcelén, road to Casas de Juan Gil @9%,11° 06’ W), 25-04-1992, 1M,
Ref. Z121¢

N. gauthieri calva (1*)

Albacete, Pefias de San Pedro, near La Solan@438F, 2° 0’ W), 30-04-92, 2M + 3F
+ 6J, together witIN. curtiseta andP. pseudolepisma, Ref. Z118.

N. lusitana (3*)

Albacete, El Bonillo, road to Lezuza (38° 56’ N,Z8" W),20-04-92, 4M + 1F + 2J to-
gether withN. spectabilis, Ref. Z1121 (cf.). Guadalajara, Tamajon, road tgdllado,
near Sorbe river (40° 59’ N, 3° 12’ W), 25-08-98) fogether withN. spectabilis, Ref.
Z1081 (cf.). Ledn, Valdepolo (42° 34’ N, 5° 13’ WBE-09-92, 3M + 1F, Ref. Z1867 (cf

N. spectabilis (6*)

Albacete, El Bonillo, road to Lezuza (38° 56’ N,ZB' W), 20-04-92, 1M + 4], Ref. Z112
Albacete, Paterna del Madera, near Riopar towdrBsufancazo mountain pass (38° 33
N, 2° 20’ W), 27-10-91, 2J, Ref. Z1188. Cuenca, Fegmoad to Rocho mountain pas
(39°56' N, 2° 0" W), 14-05-92, 7M + 6F + 3], RElL142. Guadalajara, El Pedregal (40
46’ N, 1° 34’ W), 22-08-92, 5M + 6F + 9J, Ref. Z11ZRiadalajara, Tamajon, road tg
Cogolludo, near Sorbe river (40° 59’ N, 3° 12’ \®%-08-92, 1M + 1J, Ref. Z1082. Vale
cia, Sinarcas, road to LaTorre de Utiel (39° 427IR14’ W), 24-5-1992, 2M + 1F + 4]
Ref. 2147C

°wm

Tab. S1.54: Interactions of ants identified &essor structor (LATREILLE, 1798)with silverfish.

Species of Zygentoma
(number of samples)

Literature
references

New data

A. formicaria (1)

SLVESTRI (1942)* as

M. rufitarsis (1)

P. pseudolepisma (6)

MOLERO & al. (1992)
(1), MOLERO & al.

(1998Db) (5

L. chlorosoma (1)

Palencia, Husillos (42° 05’ N, 4° 30’ W), -09-92, 2M + F + 4], Ref. Z193.

N. balearica (1)

MOLERO & al. (1998a)

)

N. crassipes (10)

Barcelona, Els Prats del Rei, road from Igualadadlaf, near La Manresana del
Prats (41° 41’ N, 1° 32’ E), 20-05-92, 4M + 4F {Jt&gether withN. wasmanni,
Ref. Z1627. Barcelona, Sant Quirze Safaja, road 8am Felii de Codines




Centelles (41° 43’ N, 2° 10’ E), 23-05-92, 6M +4BJ, Ref. Z1559. Guadalajar
Siglienza (41° 01’ N, 2° 39' W), 24-08-92, 1M + 5B3, Ref. Z1092. Huesca,
Loarre (42° 18' N, 0° 39’ W), 24-06-92, 4M + 3F everal juveniles, Ref. Z1748
Huesca, Loporzano, near Sipan (42° 10’ N, 0° 17, 09}07-92, 1M + 2F + 1J
together withN. wasmanni, Ref. Z1788. Lérida, Agramunt, road to Tarrega (4
44’ N, 1° 06’ E), 20-05-92, 1M + 9F together withwasmanni, Ref. Z1615.
Lérida, Isona, Pas de Finestres (42° 07’ N, 1°H)4'16-07-92, 3M + 2F + 8J,
Ref. Z1564. Tarragona, El Pla de Santa Maria, to&l Pont de Armentera (41°
22'N, 1°19' E), 18-05-92, 1M + 1F + 3J togethathaP. pseudolepisma, Ref.
Z1574. Tarragona, Horta de Sant Joan, road to BSt58' N, 0° 19’ E), 24-05-
92, 6M + 2F + 5J, Ref. Z1580. Tarragona, Santai@alde Queralt, road to Vall-
fogona de Riucorb (41° 32" N, 1° 21’ E),-05-92, 3J, Ref. Z163

R

lo

N. curtiseta (2)

Soria, San Leonardo de Yagle, road to Rio Lobogora@1° 48’ N, 3° 05’ W),
25-08-92, 10M + 7F + 1J, Ref. Z1887. Teruel (40°1811° 05’ W), 21-08-92,
1M togetter with N. wasmanni, Ref. Z175¢

N. foreli (1)

MoLERO & al. (1992)
@

N. lusitana (3)

MoLERO & al. (1992)
@

Palencia, Fuentes de Valdepero (42° 05’ N, 4° 3))'28-09-92, 1F + 2J togethe
with N. spectabilis, Ref. Z1948. Toledo, Noblejas (39° 58’ N, 3° 24’ WW§-09-
91, 1F together witN. spectabilis, Ref. Z115(C

N. spectabilis (10)

BacH & GAJU (1987)
(2); MOLERO & al.
(1992) (1)

Céaceres, Guijo de Santa Barbara, Garganta de Jassndhern Gredos moun-
tains (40° 09’ N, 5° 39’ W), 29-03-91, 1J, Ref. 237 Caceres, Navaconcejo,
Jerte valley (40° 10’ N, 5° 50" W), 28-03-91, 1M,fR80832. Ciudad Real, Al-
muradiel, N-1V, Km 237 (38° 29’ N, 3° 30’ W), 29-182, 1F, Ref. Z0064. Jaén
Quesada, near Tiscar mountain pass, 1150 m (3,87 03' W), 24-10-91, 1F
+ 2J, Ref. Z1052. Madrid, Pozuelo del Rey (40° 223N20" W), 13-09-91, 1M
+ 5F + 10J, Ref. Z1197. Palencia, Fuentes de Valdggg° 05’ N, 4° 30’ W),
25-09-92, 5M + 1F + 3J, Ref. Z1947. Toledo, Nobl¢R®’ 58’ N, 3° 24’ W),
16-09-91, 3F + 3J, Ref. Z114!

N. wasmanni (6)

MoLERO & al. (1996b)
4)

Cuenca, Iniesta, road to Tarazona de la Mancha2@N, 1° 47° W), 26-05-
1992, 2M + 2F, Ref. Z1242. Lérida, Ponts (41° 541N10’ E), 19-05-1992, 5M
+ 10F + 7J, RelZ156¢.

T. aurea (3)

SLVESTRI (1912)* (1);
MENDES (1980a)* as
M. rufitarsis (1)

Barcelona, Montseny (41° 45’ N, 2° 24’ E), 23-5-29%M + 2F + 1], Ref. Z1573.

Tab. S1.55: Interactions of ants identified &essor sp.with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

P. pseudolepisma (11)

MENDES (1980a)* (1),

MOLERO & al. (1998b)*

(10

L. saccharina (1*)

Valencia, Ayora, road to Zarra (39° 04’ N,@4’ W), 25-04-1992, 1M + 1J
together withN. spectabilis, Ref.Z205z.

N. angustothoracica (1)

MoOLERO & al. (2000)* (1.

N. crassipes (8)

MENDES (1980b)* (2);

MoLERO & al. (2000) (2);

MENDES (2002b)* (1)

Lérida, Ager, Sierra del Montsec (42° 01’ N, 0° &), 15-07-92, 7M + 8F

17' N, 1° 0’ E), 18-05-92, 2M + 2F + 7J togethetw. pseudol episma,
Ref. Z1560; Zaragoza, Nuévalos, near Monasterioel#r# (41° 11' N, 1°
46’ W), 27-06-92, 3M together wittN. wasmanni, Ref. Z1735

N. curtiseta (8)

Burgos, Santo Domingo de Silos (41° 57° N238°W), 26-08-92, 8M + 2F
+ 3J, Ref. Z1934. Huesca, Berdun (42° 35’ N, 0° 49, ¥0-07-92, 5M +

2F, Ref. Z1751; Madrid, Cercedilla (40° 44’ N, 4° 0%), 21-07-92, 3M +
1F, Ref. Z1117; Soria, Berlanga de Duero (41° 28Ns1' W), 24-08-92,

48' N, 2° 26’ W), 2¢08-92, 1M + 2F + 9J, Ref. Z1858; Teruel, Escoriht

+ 10J together witlP. pseudolepisma, Ref. Z1592. Tarragona, Prades (41°

1F + several juveniles, Ref. Z1954; Soria, GarragrriNumancia ruins (41°



(40° 31" N, 0° 57" W), 21-08-92, 2M + 4F, Ref. Z17Raragoza, Miedes,
road from Carifiena to Calatayud, C-221, Km 22,8 (BN, 1° 25’ W),
27-06-92, 3F, Ref.Z1692. Same locality and date, 4M +3F, REB02

N. fordi (6)

MENDES (1980a)* (1),
MENDES (1988)* (1),
MENDES (1992)* (1), Mo-
LERO & al. (1994b)* (1

Albacete, Alcala del Jucar, road to Casas de VESI3N, 1° 24’ W), 25-
04-92, 8M + 5F + 7J together with lusitana, Ref. Z1145. Castellon, Val de
Ux0, road to Algar (39° 47’ N, 0° 15’ W), 29-04-92M + 1F, Ref. Z1487.

N. lusitana (10)

MENDES (2002a)* (4)

Albacete, Alcala del Jucar, cruce aa&8ale Ves (39° 13" N, 1° 24’ W), 25-
04-92, 8M + 5F + 7J together wilh fordi, Ref. Z1146. Badajoz, Jerez de

los Caballeros (38° 19" N, 6° 48’ W), 29-03-92, 6M.F + 1J together with
N. spectabilis, Ref. Z0868. Burgos, Castrojeriz (42° 16’ N, 4° 06),\86-
09-92, 1J together witR. pseudolepisma, Ref. Z1896. Cadiz, Olvera (36°
56’ N, 5° 13’ W), 1-11-1994, 2M + 2F, Ref. Z2132v8la, Coria del Rio,
Isla Menor grassland (37° 12" N, 6° 01’ W), 25-08-8M + 3F + 1J together
with N. spectabilis andN. soerenseni, Ref. Z1011. Valladolid, Viloria (41°
27N, 4° 22" W), 2°-09-92, 1M together wittN. spectabilis, Ref. 21862

N. myrmecobia (1)

MENDES(1993)* (1.

N. soerenseni (7)

MoOLERO & al. (1994c)*
(4), MENDES (200za)* (2)

Sevilla, Coria del Rio, Isla Menor grassland (32°N, 6° 01’ W), 25-03-92,
4M together witfN. spectabilis andN. lusitana, Ref. 21013

N. spectabillis (32)

MENDES (1980a)* (2),
BACH & GAJu (1987)(1),
MENDES(1988)*(1),
MENDES(1992)*(1),
MoOLERO & al. (1992) (1),
MENDES (2002a)* (12)

Avila, Mufiogalindo (40° 36’ N, 4° 52’ W), 22-09-92F, Ref. Z1841. Avila,
Ojos-Albos (40° 42’ N, 4° 31' W), 22-09-92, 1M + #R3J, Ref. Z1805; sam
locality and date, 1J in another nest, Ref. Z1824laRe, Jerez de los Ca-
balleros (38° 19’ N, 6° 48’ W), 29-03-92, 6M + 1FL# together withN.
lusitana, Ref. Z0867. Barcelona, Olost, road to Vic (41° §72° 08’ E),
23-05-92, 6F, Ref. Z1555. Castelldn, AlbocacerdrnmeBenassal (40° 21' N,
0° 01’ W), 28-04-92, 4F, Ref. Z1441. Palencia, Fasnte Valdepero (42°
05" N, 4° 30" W), 25-09-92, 7J, Ref. Z1958. SalagmrPuente de La Salu
(40° 57’ N, 5° 42’ W), 08-04-73, 1M + 1F, Ref. Z19(Fegovia, Maderu-
elo, road C-114 to Fuentelcésped (41° 33' N, 3°\83' 27-08-92, 11M +
6F, Ref. Z1911. Segovia, Villacastin (40° 46’ N.2&° W), 22-09-92, 2M +
1F + 2J, Ref. Z1821. Sevilla, Coria del Rio, Isla Megrassland (37° 12’
N, 6° 01’ W), 25-03-92, 6M + 10F + 2J together withlusitana andN.
soerenseni, Ref. Z1012. Valencia, Ayora, road to Zarra (39°M41° 04’
W), 25-04-1992, 1F + 1J together withsaccharina, Ref. Z1389. Vallado-
lid, Viloria (41° 27" N, 4° 22’ W), 27-09-92, 2F ¢ether withN. lusitana,
Ref. Z1861. Zamora, Ferreras de Abajo, road fromafl@ko Sanabria (41°
52" N, 6° 0" W), 22-09-92, 1F, Ref. Z190

D

o

N. wasmanni (2)

MOLERO& al. (1996a)* (2

T. aurea (4)

MENDES (1980a)* (1);
MENDES (1988)* (1);
MoLERO & al. (2000) (1);
MENDES (2002b)* (1.

Tab. S1.56: Interactions of ants of the genMlyrmica LATREILLE, 1804 with silverfish. Specigdl. rubra (LINNAEUS,
1758).0ne interaction from the literature, none reporte8pain.

Species of Zygentoma (number of samples)

Literaturereferences

New data

A. formicaria (1)

ESCHERICH(1905), reported eMyrmica laevinodis -

Tab. S1.57: Number of interactions of ants of the gerRiidole with silverfish. Eight interactions, four of them
reported in Spain, none of them new. 56 sampleSpain for statistic study (48 of them previoustiplished), 13 ad-
ditional Western-Palaearctic data from literatunéincluded in statistics.

Pheidole species

Pp Lb

Lc Np Tot Lit stat Lit not incl

Pheidole pallidula

44 2

9 1 5€ 48 13




Tab. S1.58: Detailed references of interactions of ants idexatiasPheidole pallidula or Pheidole sp. with silverfish.

Species of Zygentoma
(number of samples)

Literaturereferences

New data

A. formicaria (1)

SILVESTRI (1942)* (1.

P. pseudolepisma (49)

MENDES (1980a)* (2),
MENDES (1981)* (1),
MENDES (1982%) (1),

BAcH & Gaiu (1987) (3),
MoLERO & al. (1992) (3),
MoLERO & al. (1998) (38),
MENDES (200za)* (1)

L. baetica (2)

MoOLERO & al. (1994a) (2

L. chlorosoma (11)

MENDES (1980a)* (1),
MENDES (1988)* (1),
MoLERO & al. (1992) (1)

Céceres, Guijo de Granadilla, near Gabriel y GaGmd40° 12" N, 6°
10" W), 08-06-91, 2M + 1F, Ref. Z0803; Caceres, HefRérez, CC-513
Km 48 (40° 12' N, 6° 29" W), 08-06-91, 1M, Ref. ZOB1Same locality
and date, 1F in another nest, Ref Z0848. Huelvaigialroad to Castafio
del Robledo (37° 53’ N, 6° 43’ W), 30-03-92, 1J, R&#932. Madrid, Ro-
bledo de Chavela (40° 29’ N, 4° 15’ W), 20-07-9®1, Ref. Z1097. Toledo
Las Ventas con Pefia Aguilera, El Milagro mountaiss(39° 33' N, 4° 14’
W), 12-09-91, 1M, Ref. Z1207. Zamora, Faramonta$abara, near Eslal
river (41° 50’ N, 5° 48’ W), 24-09-92, 2J, Ref. Z¥@®Bame locality and
date, 1F in another nest, Ref. Z1.

N. pallida (1)

MoLERO & al. (1995b) (1

N. soerenseni (1)

MOLERO & al. (1994c¢) (1

N. spectabilis (1)

MENDES(1988)* (1.

T. aurea (1)

MENDES (198(a)* (1)

Tab. S1.59: Number of interactions of ants of the geliagiolepis MAYR, 1861 with silverfish. Two interactions, one

of them reported in Spain, none of them new. Omapsa for Spain for statistic study (previously gabkd), one addi-
tional Western-Palaearctic data from literatureinoluded in statistics.

Plagiolepis species

Pp

Tot

Lit stat

Lit not incl

Plagiolepis pygmaea

1

1

1

1

Tab. S1.60: Detailed references of interactions of ants idietiasPlagiolepis pygmaea (LATREILLE, 1798)or Plagio-

lepis sp.with silverfish.

Species of Zygentoma (number of samples)

Literature references

New data

A. montana (1)

MENDES(1981)* (1.

P. pseudolepisma (1)

MoOLERO & al. (1998b) (1

Tab. S1.61: Number of interactions of ants of the geflapinoma FORSTER 1850 with silverfish. Four interactions,
three of them reported in Spain, one of them newve8 samples for Spain for statistic study (siwjanesly published),

one additional Western-Palaearctic data from liteeanot included in statistics.

Tapinoma species Pp Lc Tot Lit stat Lit not incl
Tapinoma erraticum 1 1 2 1 0
T. nigerrimum 4 4 4 0
Tapinoma sp 1 1 1 1




Tab. S1.62: Detailed references of interactions of ants idiedtiasTapinoma erraticum (LATREILLE, 1798)with silverfish.

Species of Zygentoma | Literaturereferences New data

(number of samples)

P. pseudolepisma (1) MOLERO & al. (1998b) 1) -

L. chlorosoma (1) Zamora, Villar del Buey, road to Fermoselle (42° M, 6° 12’ W),

23-9-199;, 1F, Ref. Z183.

Tab. S1.63: Detailed references of interactions of ants idiedtiasTapinoma nigerrimum (NYLANDER, 1856)with silverfish.

Species of Zygentoma (number of samples) Literaturereferences

New data

P. pseudolepisma (4) MoOLERO & al. (1998b) (4 -

Tab. S1.64: Detailed references of interactions of ants idexatiasTapinoma sp. with silverfish.

Species of Zygentoma (number of samples) Literaturereferences

New data

P. pseudolepisma (1) MoLERO & al. (1998b) (1 -

L. saccharina (1) MENDES(1980)* (a -

Tab. S1.65: Number of interactions of ants of the gef@snothorax MAYR, 1861 with silverfish. Five interactions,
four of them reported in Spain, none of them is n8ix samples for Spain for statistic study (fiietteem previously
published), five additional Western-Palaearctiadetm literature not included in statistics.

Temnothorax species Pp Lb NI N sp Total Lit stat Lit not incl

Temnothorax sp 2 2 1 1 6 5 5

Tab. S1.66: Detailed references of interactions of ants idedifaisTemnothorax sp. with silverfish (most of them re-
ferred ad eptothorax sp. in the literature).

Species of Zygentoma | Literaturereferences

(number of samples)

New data

P. pseudolepisma (6) Wasmann, referred bysEHERICH (1903)* (1); MENDES -

(1980a)* (1);MOLERO & al. (1992) (2);MENDES (200Za)* (2)

L. baetica (2) MoLERO & al (1994a)* (1) Jaén, Huelma, road to Jodar @Y N,

3° 23" W), 1¢-8-1988, 4JRef.Z0381.

N. hesperica (1)

MENDES(1980a)* (1 -

N. lusitana (1)

MoLERO & al. (1992) (1

N. spectabilis (1)

MoOLERO & al. (1992) (1

Tab. S1.67: Number of interactions of ants of the geffe&ramorium with silverfish. Fifteen interactions, 13 of them
reported in Spain, six of them new. 45 samplesSfmain for statistic study (28 previously publishesven additional
Western-Palaearctic data from literature not inetligh statistics.

Tetramorium species Av Pp Lb Lc Ls Nw Ta Tot Lit stat Lit not incl
Tetramorium caespitum 5 2 1 1 9 6 4
T. forte 12 6 1 19 12 0
T. cf. meridionale 1 1 1 0
T. semilaeve 1 4 & 3 1 12 5 1
Tetramorium sp 4 4 4 2




Tab. S1.68: Detailed references of interactions of ants idextiasTetramorium caespitum with silverfish.

Species of Zygentoma | Literaturereferences

(number of samples)

New data

A. formicaria (4) HeYDEN (1855)* (1)
DALLA TORRE (1888)* (1)
ESCHERICH(1903)* (1);

SILVESTRI (1942)* (1

P. pseudolepisma (5) MoLERO & al. (1992) (1);

MOLERO & al. (1998b) (4

L. chlorosoma (2)

Badajoz, Cabeza del Buey (38° 43’ N, 5° 12’ W), 6981, 1M + 1F,
Ref. 0775. Palencia, Fuentes de Valdepero (42° 08°180’ W), 25-9-
1992, 1F + 1J together wiP. pseudolepisma, Ref. Z187..

L. saccharina (1)

Zaragoza, Santa Cruz del Moncayo (41° 52’ N, 1°W%5’'21-6-1992, 1J
Ref. 2180\

N. wasmanni (1) MoLERO & al. (1996a) (1

Tab. S1.69: Detailed references of interactions of ants idexatiasTetramorium forte (FOREL, 1904)with silverfish.

Species of Zygentoma | Literaturereferences

(number of samples)

New data

P. pseudolepisma (12) MOLERO & al. (1998b)

(12), asT. hispanicum

L. chlorosoma (6)

Madrid, Valdemorillo (40° 30" N, 4° 03’ W), 20-092, 1M + 2F, Ref. Z1259.
Palencia, Villarrabé, road from Saldafia to Sahddah 25’ N, 4° 48’ W),

25-09-92, 7M + 5F + 1J, Ref. Z1957. Toledo, GuadafBaf 49’ N, 4° 10’
W), 12-09-91, 2M + 1F, Ref. Z1230; Zamora, Ferrel@a#\bajo, road from

19'N, 6° 12' W), 2:-09-92, 1J, Ref. Z18..

Tébara to Sanabria (41° 52' N, 6° 0’ W), 24-09-BPM + 5F + 2J, Ref. Z1941.
Zamora, Olmillos de Castro, near San Martin de BagHr® 44’ N, 5° 59’ W),
21-09-89, 1M, Ref. Z1894. Zamora, Villar del Bueyad to Fermoselle (41°

L. saccharina (1)

Huelva, Almonte (37° 13’ N, 6° 30’ W), -5-1988, 1M, Ref. Z044.

Tab. S1.70: Detailed references of interactions of ants idieatiasTetramorium cf. meriodionale EMERY, 1870with

silverfish.

Species of Zygentoma (number of samples)

Literature references New data

P. pseudolepisma (1)

MoLERO & al. (1998b) (1

Tab. S1.71: Detailed references of interactions of ants idiemtias Tetramorium semilaeve (ANDRE, 1883)or T. cf.

semilaeve with silverfish.

Species of Zygentoma | Literaturereferences

(number of samples)

New data

A. valenciana (1) MoLERO & al. (1998b) (1

P. pseudolepisma (4) MoOLERO & al. (1998b) (4

L. baetica (3)

Minorca island (Balearics), Alaior, Es Bec N@9° 57’ N, 4° 05’ E), 21-
09-91, 5M + 2F +1J, Ref. Z0643. Minorca island, Esréadal, Cala Bini-
mella (40° 02’ N, 4° 03’ E), 20-09-91, 1M, Ref. Z@64Cadiz, Alcala de lo
Gazules, road to Ubrique, near Sierra del Aljibg® (31’ N, 5° 38’ W), 06-
05-92, 2M + 4F, Ref. Z095

W

L. chlorosoma (3) MENDES (1980a) (1)

Badajoz, Jerez de los Caballeros (38R,16° 48’ W), 29-03-92, 2M + 2F
Ref. Z0872. Caceres, Castafiar de lbor (39° 38" N55W) 07-06-91, 1M




+ 2F, Ref. Z0846. Caceres, Garganta la Olla (40N)&° 47’ W), 07-06-
91, 2M + 8F, Ref. Z080

T. aurea (1) Minorca island (Balearics), Es Mercadal, Cala Binleng40° 02’ N, 4° 03’
E), 2F, Ref. Z064!

Tab. S1.72: Detailed references of interactions of ants idexatiasTetramorium sp.with silverfish.

Species of Zygentoma (number of samples) Literaturereferences New data

A. formicaria (2) MoOLERO & al. (2000) (2 -

P. pseudolepisma (4) BacH & GaJu (1987) (4 -
Summary

193 Zygentoma-Formicoidea associations are inclu@l&d of them have been detected in Spain; 41ashthre new
(reported for the first time). 834 samples from i8gsve been included in the statistical studyhef main paper, 398
of them previously published (included in papersiied in Table S1.73).

225 additonal samples or references included idithi@ture are taken into account but not included the statistic
study. In total, 1059 reports of interactions Zylgena-ants in the West Palaearctic Region have beesidered for
conclusions of this work.

Tab. S1.73: Papers where samples of silverfish with ants iailshave been previously reported by the autholtsofA
them are considered for the analysis of the mapepaogether with new data given in this Appendix= geographic
coordinates and/or maps are given in the paper).

References Number of | Number of samples
localities of silverfish studied
sampled (with / without ants)

GAJU-RICART & BACH DEROCA (1986) ancBACH DE ROCA & GAJU-RICART (1987 18* 39/11

GAJU-RICART, BACH DEROCA & MOLERO-BALTANAS (1987 11* 6/13

MOLERO-BALTANAS, BACH DEROCA & GAJU-RICART (1992 214* 66/24¢€

BAcH, GAJU, MENDES& MOLERO (1993 1 5/2¢

MOLERO-BALTANAS, GAJU-RICART, BACH DE ROCA & MENDES(1994a 2 0/2

MOLERO-BALTANAS, GAJU-RICART, BACH DE ROCA & MENDES(1994b 52* 32/2¢

MOLERO-BALTANAS, MENDES GAJU-RICART & BACH DE ROCA (1994c¢ 16* 20/0

MOLERO-BALTANAS, R.,BACH DE RoCA, C. & GAJU-RICART, M. (1995a 3* 2/2

MOLERO-BALTANAS, R., GAJU-RICART, M. & BACH DERocA, C. (1995b 13 13/3

MOLERO-BALTANAS, BACH DEROCA & GAJU-RICART (1996 62 69/6¢

MOLERO-BALTANAS, BACH DEROCA & GAJU-RICART (1998a 6 717

MOLERO-BALTANAS, GAJU-RICART, BACH DE ROCA & MENDES(1998b 174* 19C/7
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Appendix S2: Sampling myrmecophilic Zygentoma in Spain.

Table S2.1: Detailed data on the Zygentoma-Formicidae asdoniat Spain (more comments below).
Abbreviations of Zygentoma species (as in Tablé the@main paper): AvAtelura valenciana. Pp:Proatelurina pseudo-
lepisma. Lb: Lepisma baetica. Lc: L. chlorosoma. Ls: L. saccharina. Nb: Neoasterolepisma balearica. Ncr: N. crassi-
pes. Ncu: N. curtiseta. Nd: N. delator. Nf: N. foreli. Ng: N. gauthieri. Nh: N. hesperica. NI: N. lusitana. Np: N. pallida.
Nso:N. soerenseni. Nsp:N. spectabilis. Nw: N. wasmanni. Ta: Tricholepisma aurea. Ti: T. indalica.

Ant species Av | Pp |Lb| Lc| Ls|Nb|Ncr|Ncu Nd| Nf | Ng|Nh| NI | Np |Nso|Nsp|Nw | Ta | Ti
Aphaenogaster dulciniae 4

Aphaenogaster gibbosa 2| 7 1 2| 1 1 1 1] 1
Aphaenogaster iberica 5 1] 1 1] 11] 2 2 5 1] 2
Aphaenogaster senilis 1 6| 1| 1 8| 1 1
Aphaenogaster subterranea 1 1

Aphaenogaster sp 1 1 2

Bothriomyrmex sp 1 1

Camponotus aethiops 5 4 2
Camponotus cruentatus 14 22 1] 2| 1 1
Camponotus cf. micans 1 1
Camponotus pilicornis 5 3| 1 1
Camponotus sicheli 1

Camponotus sylvaticus 2| 1C 1| 5 2 1 2
Camponotus sp 2 1 2 1
Cataglyphis hispanica 1 7 1
Cataglyphisiberica 2

Cataglyphisvelox (or cf. vlox) 2

Crematogaster auberti 2| 3 1

Crematogaster laestrygon 1

Crematogaster sp 1

Formica gerardi 1 1

Formica rufibarbis 1

Formica subrufa 8 28 2] 1

Lasiusalienus 1

Lasius brunneus 5

Lasius emarginatus 1

Lasius flavus 1

Lasius niger 1] 6 1 1 1
Lasiussp 1

Linepithema humile 3

Messor barbarus 2| 17 31 28] 4] 1] 32] 12 3¢ 1) 11| 78] 21| 3
Messor bouvieri 3 2| 3| 5 3 17| 6
Messor capitatus 8 1| 8] 13 2| 1 7 16| 5
Messor hispanicus 5 3 1) 1 & 6

Messor structor 6 1 1| 10 1 3 10 6| 1
Messor sp 1C 1 3] 8 2 6 1] 16| 2
Pheidole pallidula 4| 2, 9 1




Plagiolepis pygmaea 1

Tapinoma erraticum 1 1

Tapinoma nigerrimum 4

Tapinoma sp 1

Temnothorax sp 2| 2 1 1
Tetramorium caespitum 5 2| 1 1
Tetramorium forte 12 6| 1

Tetramorium cf. meridionale 1

Tetramorium semilaeve 1) 4| 3| 3 1
Tetramorium sp 4

A) Results of the sampling carried out in Spain for the quantitative analysis

Data registered in Table S2.1 correspond to thebeurof nests of each species of ants where eadiespaf Zygen-
toma was found. Nests in which the species of Zy@ea were not identified at the specific level ao¢ included in
this Table (for example, those in which the siligrfwas only identified aleoasterolepisma sp.).

Overall, 156 different associations are registefduhse highlighted in bold characters and grey pamind are new as-
sociations (i.e., reported for the first time ifstivork). Additionally, one association has beeted&d but not included
in this table: the finding oNeoasterolepisma sp. in a nest o6Goniomma blanci (because the silverfish of the sample
could not be identified at species level, the dation has not been included in this table). Iis gample (see reference in
Table S1.38 of the Appendix S1), the specimens wepgor condition. This is the first time th@bniomma is reported
with silverfish, so we can account it as assoamatiomber 157 and it is included in Table 5 of tr@mdocument, where
all colonies with silverfish were considered.

B) Reasonsto group species of ants by genus (Table 2 of the main document)
Formicidae species were grouped by genus:

* To provide the best significance to analyses;

* to obtain an ecological network with a higher lesfeconnectance.

* Some ant species are not abundant but groupe@rnysgthey are frequent enough to make the assumptitheir
overall availability for silverfish choice alongeherritory (see later in this appendix).

» This grouping is possible because in biologicahts it makes sense, since the species of the games are evolu-
tionarily related, show similar biological trendsdaseem to be preferred in the same way for siskedpecies, as the
correspondence analysis confirms.

C) Complementary sampling used for testing the influence of the relative abundance of antsin the preference of
silverfish

Methods: The sampling was made in eight localities of SgafdC 1 to LOCS), following the same method desatibe
in the section “Material and methods” of the mairttof our paper, with some differences:

1) All ant colonies found were counted, those wimgentoma were found (WZ) and those without alwedish (NO-2).

2) Ants were identified at the generic level in fledd but silverfish were not identified. When tigentification was
possible in situ, ants were not collected.

3) The duration of each sampling was 80 minutegértime than usual samplings in order to add the fior recording
the additional data).

Results: Data are presented in Tables S2.2, S2.3, S2.&214

The proportion and contingency table Chi squarsti@s made from the total numbers of the eigtdlitbes because
the number of nests per locality was not high ehdog separate testing. Nevertheless, the sampdeisinsufficient to
give a definitive conclusion. The data includedeheust be taken as trends to be confirmed withtgreamples.



As Table S2.2 shows, the total WZ column showsghdri number of nests dlessor compared with the rest of ant
genera found, even whetessor are not more abundant than other genera, as thleatasolute frequencies of most lo-
calities or the total NO-Z column indicate.

To state whether the distribution of ant nestiniigeneous between NO-Z and WZ categories, a Qhrad test should
be done to the respective contingency table, astbte if the proportion dflessor nests with silverfish is significantly
higher than in any other ant genus, a proportishdbould be made. However, in both cases, thecteghdrequencies
are too low to consider the significance definitive

Despite the previous consideration, several trezais be observed: some abundant antBresdole (15.9% of the
total), Tapinoma (13.7% of the total) and the category “Others”.20% of the total; see Table S2.3) host silverfish i
very low rates, as can be seen in Table S2.4. Ohl¥% ofPheidole nests hosted silverfish, and noneTapinoma.
Moreover, the Total category shows also very lowceetages compared wiessor, Cataglyphis, Aphaenogaster or
Formica, all of them less abundant in the sampling butipa@d by Zygentoma in greater proportions.

These remarks are supported by Table S2.4 and tilwesults to be considered a probable trendetaéve abundance
of ants does not have an influence in silverfishfgnences for choosing a certain ant genus. Weedtaur samplings
assuming that the nests of most ant genera arkableaihroughout most of the territory to the cleoid silverfish.

The present study is focused on the detectionfigireint degrees of specialisation and on differeotles of the Zygentoma-
ant association and not in other considerationsdfa be important for mutualistic networks. Frdiis tpoint of view,

if results are biased by silverfish preferencess itot important to make an account of all coleniea locality, but only
those where the association is detected. Compatkdhe more studied plant-pollinators networkg, #&m of our work is
not to know how many flowers (nests) of a givencégg®/genus of plants (ants) are available for &nadbr (silverfish)
species, but how many are actually visited (ocaljpitn our quantitative “symbiotic” network, numisefespecially
those ofMessor) do not reflect ant abundance, but silverfish @refices (conditioned by some features of ant dnd si
verfish biology, but not by demographic factorsaafs).

Table S2.2: Results, in absolute numbers, of the complemergamypling of 8 localities (LOC 1 to LOC 8) and tota
nests of each genus of ants. The number of netlis(WiZ) or without Zygentoma (No-Z) is distinguishan separate
columns. Details of localities are given in Tabk&

Ant genus LOC1 LOC 2 LOC3 LOC 4 LOC5 LOC6 LOC7 LOC8 | Subtotal |Total
No-Z |WZ |No-Z |WZ |No-Z |WZ |No-Z |WZ|No-Z \ WZ|No-Z|WZ |No-Z|WZ|No-Z | WZ|No-Z |WZ

Aphaenogaster 1|0 410 410 4 |1 1] 2 3|0 2| 2 01| 19| 6| 25
Camponotus 0,1 3,0 2,0 1|0 3,0 5|1 4 |1 10| 19| 3| 22
Cataglyphis 0| 1 0|0 3|0 0|0 0|0 0|0 0|0 0| 0 3|1 4
Crematogaster 110 0|0 0,0 1|1 5|0 10 4|0 10| 13| 1 14
Formica 0| 0 0|0 3|1 0|0 1)1 10 0|0 8| 2| 13| 4 17
Lasius 110 0|0 2|0 0|0 2|0 0|0 0|0 0| 0 5|0 )
Messor 1|0 21 1] 3 2| 4 0,0 1|1 2|1 0| 2 9112 | 21
Pheidole 9| 2 6|1 3,0 2|1 1|0 2|0 6|0 3,0| 32| 4| 36
Tapinoma 60 1C | O 6|0 5|0 0,0 2|0 2|0 0,0|] 31| 0| 31
Tetramorium 2,0 0,0 5,0 4 |1 1|0 0|0 0|0 0,0| 12 | 1 13
Other: 14 | 1 110 6|0 0|1 6|0 2|0 5|1 2|1 0| 36| 3| 39
Total 32| 5| 26| 2| 35| 4 19| 9| 2| 3 17 | 2| 25| 5 15 | 5 | 192 |35 | 227




Table S2.3: Proportions of ant nests of each genus relatithddotal sample size.

Ant genus No-Z wz Total
Aphaenogaster 0.08¢ 0.02¢ 0.11c¢
Camponotus 0.08¢ 0.01: 0.09i
Cataglyphis 0.01: 0.00¢ 0.01¢
Crematogaster 0.057 0.00¢ 0.062
Formica 0.057 0.01¢ 0.07¢
Lasius 0.022 0.00( 0.022
Messor 0.04( 0.05: 0.09:
Pheidole 0.141 0.01¢ 0.15¢
Tapinoma 0.137 0.00( 0.137
Tetramorium 0.05: 0.00¢ 0.057
Other: 0.15¢ 0.01: 0.172
Total 0.846 0.154 1.000

Table S2.4: Proportions of ant nests with and without Zygerdadmy genus of ants. All the genera show higher grop
tions in No-Z column excepilessor.

No-Z wz
Aphaenogaster 0.76( 0.24(
Camponotus 0.86¢ 0.13¢
Cataglyphis 0.75(C 0.25(
Crematogaster 0.92¢ 0.071
Formica 0.76¢ 0.23¢
Lasius 1.00(¢ 0.00(
Messor 0.42¢ 0.571
Pheidole 0.88¢ 0.111
Tapinoma 1.00¢ 0.00(¢
Tetramorium 0.92: 0.077
Other: 0.92: 0.077
Total 0.846 0.154

Table S2.5: Proportions of ant nests relative to No-Z and \&tals, compared with P (the proportion of eachgamus).
In the No-Z category, OtherPheidole, Tapinoma have the greater abundance, with no great dift@®m@mong them.
In WZ category, there is a clear difference favbledoMessor.

No-Z Wz P
Aphaenogaster 0.09¢ 0.171 0.11c¢
Camponotus 0.09¢ 0.08¢ 0.09i
Cataglyphis 0.01¢ 0.02¢ 0.01¢
Crematogaster 0.06¢ 0.02¢ 0.06:
Formica 0.06¢ 0.11¢ 0.07¢
Lasius 0.02¢ 0.00( 0.022
Messor 0.047 0.34: 0.09:
Pheidole 0.167 0.11¢ 0.15¢
Tapinoma 0.161 0.00c 0.137
Tetramorium 0.06: 0.02¢ 0.057
Other: 0.18¢ 0.08¢ 0.172
Total 1.00( 1.00(¢ 1.00(




Table S2.6: Data of the sampling localities for this completaen study.

L ocality Geographical coordinates Date
1. | Colas del Embalse de Bornos, C: 36°51'N, 5°40' W 31-3-201¢
2. | Punta Camarinal, Céc 36°05’ N, 5° 48 W\ 1-4-201F
3. | Venta de Cérdenas, Ciudad F 38°24'N, 3°30' W 4-4-201¢
4. | Poligono de Las Quemadas, Cord 37°54'N, 4° 43’ W\ 12-4-201¢
5. | Cerro Muriano, Cérdot 37°58'N, 4° 46’' W 14-4-201¢
6. | Sierrezuel, Lucena (Cérdob 37°25'N, 4° 30' W 18-4-201¢
7. | Valdeganga (Albacet 39°08' N, 1° 40’ W 30-4-201¢
8. | Tébar(Cuenca), oz-tree fores 39°30’N, 2° 08" W 31-5-201¢
Appendix S3

Table S3.1: States of characters for cladistic study of Srabépismatinael(episma, Neoasterolepisma, andTricholepisma).

Species C.l/C2|C3|C4|C5|C6|C.7|C.8|C.9/C10C11C12/C13/C14{C15/C.16/C.17|C.18|C.19|C.20|C.21|C.2|C.23|C.24
N. balearica 1121} 2| 1, of 1, o O O 1 1 ] 0 o 1 ©0 |1 |1 |0 |0 |O
N. hesperica 1/1} 1] 0| 12, of] 1) o0 0 O Q@ O ] 0 p O ©O |0 |1 |0 |0 |O
N. pallida 1}/1]0| 2| 1), 0f] 00 00 00 O Q O 1 ) 0 p oo ©O0 |0 |1 |0 |0 |O
T. aurea 1121} 2| 1, 1 1 1 0 0 1 1 ( 1 0 o 1 0 |1 |1 |0 |0 |O
N. crassipes 1121} 2| 1, 0, 1, 0 11 0 a0 1 ( 1 0 p O ©O0 |1 |1 |0 |0 |O
N. curtiseta 112} 0| 2| 1/, 0, 00 00 O0 O Q4 O ) & p oo ©O0 |0 |1 |0 |0 |O
N. delator 1/1} 1} 1 1, of 1, o0 O O Q@ O ] 0 p O ©O |0 |1 |0 |0 |O
N. foreli 121} 1) 1, 1 1/ o 1 1 0 O ] 0 g 1 0 |0 |1 |0 |0 |O
N.gauthiericalva | 1 | 2| 1| 2| 1|, 1| 1| 0O 1 1 a ] 0 p ©O ©O |0 |1 |0 |0 |O
N. soerenseni 1121} 2| 1, 1 - 0o 1 1 Qg O ] 0O p O ©O |0 |1 |0 |0 |O
N. spectabilis 112} 1} 1) 1, 1, 00 00 00 O 4 O ) 0 p o ©O0 |1 |1 |0 |0 |O
N. wasmanni 1121} 2| 1, 0, 1, 00 O O QO 1 1 0 p o0 ©O0 |0 |1 |0 |0 |O

N. myrmecobia 110} 0| 1| 2) 0/, 00 00 O0 O 4 O ) 0 p ©Oo 1 |0 |1 |0 |0 |O

N. lusitana 1121, 2} 1, 1, 11 0o 0o O 1 ( b 0 O ©0O ©O0 1 |1 (0 0 |O
N. inexpectata 1,00 O] 2y O, 00 00 00 O QO @ ) 0 p © |0 [0 |11 (0O |0 |O
N. vulcana 1,00 O] 2/ O, 0L 00 00 O 0O 1 ) 0 p © |0 [0 |11 (0O |0 |O
N. caeca 1,00 O] 2/ O, 0L 00 00 O 0O 1 ) 0 p © |0 |0 |11 (0 |1 |O
T. indalica 1,21} 2| 1| 0, 00 1/ 0 O QO 1 ) 4 a4 ©0 |0 |0 |1 (0O |0 |O
L. baetica 1100 0] O] O O o0 00 O Q ( b 0 p ©0O ©O0 |0 |0 (1 |0 |1

L. chlorosoma 110} 0| O] O] 0, 00 00 O0 O 4 0O ) 0 p oo ©O0 |0 |0 |1 |0 |1

L. saccharina 110} 0| O] O] 0, 00 00 O0 O a4 0O ) 0 p oo ©O |0 |0 |0 |0 |O

Allacrotelsakrae- | O | O| O| 0| O] O/ O/ 00 00 O O O O O O O O |©O |0 (0 |O |O |O
pelini (outgroup)




Table S3.2; Characters and states. * The number 1 has beenfarsthe apomorphic condition, but in those cheac
where gradual differences can be distinguished states have been indicated with numbers 1 and 2.

Character

Plesiomor phic condition (0)

Apomor phic condition (1 and 2)*

C.1. Isolated macrosetae in urotergites

Absent (@satae arranged in

combs

Present

C.2. Body shape

Fusiform (thorax slightly wide

than abdomen)

r Slightly limuloid (thorax very wide respec
to abdomen base) (1) or very limuloid
(paranotal lobes very developed)

C.3. Yellowish epidermic pigme

Absen

Preset

C.4. Golden scales

Absent (most scales silvery @

black or brown)

rByesent, but in most specimens most sca
are greyish (1) or all scales are golden (o
they sometimes get dark before molt)

les
nly

C.5. Asteriform sensilla in antenr Absen Preser
C.6. Astgrifprm sengil!a of antennae arranged iNo Yes
pairs in some joint
C.7. Hind tibiae of males modified in shi No Yes
C.8.Hind border of nota with isolated macros: | No Yes
C.9. Urosternites with pseudost No Yes
C.10. Shape of dorl scale: Rounde: Rounded and act
C.11. Hind border of posterior urosternites withNo Yes
spiniform macroset:
C.12. Chaetotaxy in urotergites (except infra-| 2 x (1+1+1) Modified
lateral grouf
C.13. Chaetotaxy of the labial palp in the r Norma Modified
C.14. Hind tibiae of males with ciliar se No Yes
C.15. Infralateral group of macrosetae with a | Yes No
fine outer sete
C.16. Isolated setae in urotergi 1+1 More than 1+
C.17. Isolated setae in urotergite Absen Preser
C.18.Number olmacrosetae in infralateral grot | 2+2 (or more 1+1
C.19. Spiniform setae in hind tibiae of then | No Yes

group of urotergite

C.20. Parame Big, very develope Small, reduce
C.21.Rows of white scales on hind borders of | No Yes

C.22. Lost of pigment on ey No Yes

C.23. Reduction of si. No Yes

C.24. Number of macrosetae of the infralateral Two (or more) One

We included all the features that we could. Nonéhefcharacters that allow distinguishing betweepigématinae spe-
cies has been discarded. Usually, these are intluddescriptions and identification keys of thimgp of insects, as
can be seen in the taxonomic works included in @&i.73 in Appendix 1. Among them, some can beidered

general traits and others have a putative releviordéving with ants. All the morphologic characsethat can be used
to reconstruct the evolution of this group haverbeeluded. Therefore, there is no reason to itifat the cladogram
of Figure 12 is biased. The outgroul&crotelsa) is a clearly primitive genus of Lepismatidae fdun Palaearctic and



Nearctic regions (and in Baltic amber), whilst teenaining genera and species are exclusive of khé\@rld (evolved
after the break-up of Gondwana).

In relation to the evolutionary significance of tAé characters listed in the Tables of this Appendie can establish
the following hypotheses:

* The significance of some of these characters demto associate with ants is not clear (i.e., atters 1, 8, 13, 16,
17, 18, 21, and 24).

* The apomorphic condition of some of them (i.e.8,120, 22, and 23) is shared with non-myrmecopbylgentoma,
suggesting that they must be related with othetuttemary trends of silverfish.

* The apomorphic condition of some of them probabpyresents a usual adaptation of Zygentoma tanlitreants, since
they are shared with most Atelurinae (i.e., 2,r®l 4), but not all myrmecophile Lepismatinae depedltds condition.

* One of these features might be considered a mptation related to living with ants (5), sincesitpresent in non-
myrmecophile species of the gerimasterolepisma, but its role is not clear.

* The apomorphic state of some other traits is nesgnt in all myrmecophile Lepismatinae, but othlgred by several
Messor andAphaenogaster specialists (i.e., 7 and 14) or by few specieBledsor specialists (i.e., 9, 10, and 11). Itis
likely that some of these latter characteristiesraot important for adapting to life with ants bailive in nests where
parabiosis is verified (recognition of species ihaabit the same nest), since they imply sexuabdphism.



