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ABSTRACT 

うう3

Ant crickets (Myrmecophilidae, Orthoptera) are typical ant guests. Alｭ
though ten species (all belonging to genusMyrmecophilus) have recently been 

described from Japan, their phylogeny and the extent of host specificity are 

not known. Here, we reconstruct mtD NA phylogeny of 48 individuals from 
six species to examine their host specificity, habitat use, and congruence of 
mtD NA lineages with the morphological species. The cytb phylogeny reveals 

seven well-supported lineages that in part do not corroborate morphological 

taxonomy.M 初botaiwas split into two distinct mtD NA lineages which diι 

fer in their host specificity: one (lineage F) m乱inly parasitizes Tetramorium 
tsushimae (Myrmicinae) and the other (lineage E) parasitizes several species 
ofFormicine ants. Five out of the sevenMyrmecophilus lineages did not have 

significant host-speci五city， although lineages C and the above mentioned F 

both preferably parasitized T. tsushimae. Prefとrencefor light environmentwas 

significant for three cricket lineages. Although ant crickets are not diverse 
in their morphology, these results demonstrate that they have diversified in 
host specificity and habitat use. 

Key words: cryptic mtDNA lineages, cytb, habitat specifi口ty， host speciｭ

ficity, Mymecophilidae. 

INTRODUCTION 

In almost all ant nests, a variety of creatures live together with ants and 

are called ‘ant guests' or ‘myrmecophiles' (Hるlldobler & Wilson 1990). The 

λ今rmecophilusant crickets are the only orthopteran ant guests that live in ant 

lInterdisciplinary Graduate School of Science and Technology, Shinshu University, 3-1-1 Asahi, 
Matsumoto, Nagano 390-8621 ,]apan. 
ホCorrespondingauthor. E-mail: s07t40う@amail.shinshu-u目 ac・JP

2The Kyushu University Museum, Hakozaki 6-10-1 , Fukuoka 812-8う81 ， ]apan.
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nests (Kistner 1982). They steal food from ants and/or eat food that is le丘 1n
ant nests (同lldobler 1947; 出lldobler & Wilson 1990). One particularly 

interesting ad乱ptation to this life style is that ant crickets acquire the ant's 

cuticular hydrocarbons (CH Cs) and coat their body surfacewith them, which 

allows them to live undetected in ant host's nests (Akino et al. 1996). 

Hiば5託stoωO町ricaU与予 aωsfeとwa邸sfcゐou町rリJa叩pa叩ne口se1λ\11今yrm釘ωQ伊phがil，ルμω5cricke包et“sha肝司vebeen known 1 

frommair山n吋d匂Japa叩n(川孔M仏ar叩r口1町ama200伯附4引). Among them, ‘M 5apporen5i5' were 
recorded from nests of26 ant species belonging to three ant subfamilies, and 
thus the ant cricket host-specificities were considered low (Sakai & Terayama 

199う ) . Fu山1江rd出he口rmo町reι， t出hec口ricketsc∞ollected丘omLa必51ωμザaponicμ5ant nests and 

expenrr附I

ん均j戸i) w悶er民C 民悶a吋di均1;片y川accep凶 b匂ythe ne，万什油hosts“s (A川此品k恒ci∞ino et alぷl. 1996州6的). Thu瓜 i比t has 1a山a邸S 

been widely accepted thatλ1yrmecophil，μ5 crickets are generalist in their host 

use (cf. Hるlldobler & Wilson 1990). 

Maru戸ma(2004) provided a new basis for studyi時 thecricket speci五city.

Based on the structure of the body surface, he classified JapaneseMyrmecophilu5 

cr叫cets into ten species. He used the character bec乱山e other characters (e.g. 

leg spurs, body size, and body color) are unstable and variable within species 

(Maruyama 2004). As Myrmecophil，μ5 crickets are deficient in significant 

distinguishing morphological features among species, and are diverse in body 
color and size within species, this newly found taxonomic character is useful 

in detecting morphological grouping and offers the basis for discussing host 

speci五C1咋 However， the character can only be observed in freshly collected, 

mature individuals, and more importandy, the relevance of such ‘morphospe

cies' should be assessed using other characters, such as DNA. 

Recendy, a cryptic species was found of a Europeanλ1icrodon myrmecoｭ

philous hoverfly, where the two sister cryptic species are significandy di丘とrent
in host戸specificity (Sch白Hogge et al. 2002). 百1US ， there is a possibility that 

some Myrmecophil，μ5 crickets also include cryptic species that differ in their 

host specificities. 

In thisst吋y，we reconstruct the molecular phylogeny ofJapaneseMyrmecoｭ

philωcrickets using mtD NA  sequences to determine whether the phylogeny 

corroborates morphological taxonomy, and to examine host-and habitat 

speci五cities of each of the cricket lineages. 
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MATERIALS & METHODS 

Collection of samples 

Adult or nymph crickets were co11ected from host ant nests in or around 

hardwood stands. The co11ecting sites were extended all over ]apan (Table 1). 

At each sampling site, ant nests were located in 手20 randomly placed plots, 

each 2x うm， with the number of plots proportional to stand area. Once an 

ant nest was located, we tried to co11ect as many crickets as possible by digｭ

ging it when it was subterranean, or by spraying insect rejectant into it when 
it was arboreal.百1e co11ected cricket samples were immediately preserved in 

100% ethanol. 
Specimens were identified by using field-emission scanning microscopy 

(JEOL, ]SM-6390). 百1e specimens were digitally micrographed withom 

coating. ]uvenile crickets were not identifiable because structures of the adult 

body surfaωre thekeyfeatures (Maruyama2004). TheA今rmωphルssp. in 
Table 1 represents unidentifiable juveniles. Voucher specimens are deposited 

in the Faculty of Science, Shinshu University, Matsumoto, ]apan. 

In total, 48 specimens inc叫ch吋ÌI略6pu叫ta訂叩ti討ves平pe氏閃Cle口swerε anal片yz民ed(Ta油blelり).

Orne必biμωsb釘i仰Cωμul.μat.ωμωs (Mogopliおs釘t吋a民e) and σワll.μωsruμtben町s (Gryl州，11凶e) (Gray 

et al. 2006, Genbank accession No. AY234789) were used as omgroups. 

DNA isolation, polymerase chain reaction, and sequencing 
DNA was extracted from hind legs of the crickets using DNeasy Blood 

& Tissue Kit (Q!!IAGEN) , with other body partS being preserved for 
morphological identification. A 434 bp 丘agmentof the mitochondrial gene 

cytochrome b (cytb) corresponding to positions 10933-11367 inDrosophila 

yakuba mtDNA genome was amplified by polymerase chain reaction (PCR) 

with the primers CB1 (うに TAT GTA CTA CCA TGA GGA CAA ATA 

TC -3') and CB2 (うに ATT ACA CCT CCT AAT TTA TTA GGA AT 

-3') (Crozier et al. 1993), using the following temperature profile: 3う cycles
of9う。C for 30s，う l OC for 30s and 720C for 90s・ A丘er amplification, PCR 

prod阿swere purified using QIAquick PCR purificatio叫cit (Q!!IAGEN). 
Cycle sequencing reactions were performed with BigDye Terminator V仕1. 1

Cycle Sequencing lcit on an ABI 3100 automated sequencer. 
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Phylogenetic analysis 

5equences were aligned using Clustal X (Thompson et al. 1997). We 

reconstructed maximum likelihood (ML) tree using PHYML (Guindon 

and Gascuel2003). Modeltest 3.06 (Posada & Crandall1998) was used for 

hierarchicallikelihood ratio tests for signi五cant differences among incre泊四

ingly complex substitution models. 百le GTR +G model was selected by the 

Akaike information criterion. Clade supportwas assessed with 1000 bootstrap 

replicates using PHYML. 

Statistics 

Preferences of cricket lineage to ant taxon or habitat openness was deterｭ

mined by one-way chi-square tests. 百leproportion of the host taxon among 

the cricket lineage's total hosts (observed proportion) was compared to the 

expected proportion (the proportion of th託 host taxon's nests among the 

total ant nests sampled). If the crickets inhabit that host taxon signif�andy 

more 0丘en than the expected proportion, they are judged to ‘prefer' that 
host. 50, the ‘preference' is relatively def�ed here, with regard to all the 

other cricket lineages. As such, host specif�ity and preference for habitat 
openness of cricket li町ages C , E, F and G (sample size，山 2) was examined. 

The statistical analysis was performed using R (versio心 3.1; RDevelopment 

Core Team 200う) • 

RESULTS 

Phylogenetic analysis 

A matrix of 48 sequences of 434 bp mitochondrial cytb gene contained 

191 parsimony-informative sites. 百le cricket phylogeny revealed seven linｭ

eages (Fig. 1り) ，パ刈1羽w叩九ν7
CtωOλM tetramorii and an unidentif�d species, lineage D to M んlnomμral)

lineages E and F to M kμbotai， and lineage G to M gigaん Mkinomurai) and 

λ王 sapporenS1S. 百le monophyly of the lineages A+B, C , E, F, G , and F+G 

were each supported although the bootstrap value for each lineages was 

relatively low. Because our sampling was carried out randomly for ant hosts, 

the disparity in lineage size may reflect the natural abundance of the cricket 

lineages except for lineages A and B, which were sampled in a short period 

of time on remote islands. 
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M. kinomurai (F.Cj.16.0) 
M 知的murai(F.Cj.22.S) 
M. gigas (F-Co-23-S) 
M. sp.(F-Co-36-S) 
M. kinomurai (F-Lf-43-S) 
M. kinomur，創作句Lj-15-S)

M. sapporen剖's (F-Lj-33心j
M. sapporensis (F-Lj-34-0) 
M. sapporensis (F孔j-35-0)
M. kinomurai (F-Lj-37-S) 
M. kinomura自i(F-L匂Lsp匂4小1ト但0)) 

M 釘月omurai(F下-土Lいsp-ふ5討) 

M.k的momural(F-七Lsp-匂1ωsι伶-5

M. kinomuωf沼8剖i(Hs勾p-斗13-5)) 

M.k財m悶omurai(F-P仇3守4必8ιeろ5句) 

M. kinomurai (F-Ps ヲ 5)

1∞ 1 M. sp (M刈 28-5)
M. sp. (仏内初 5)
M. sp. (M-Mk-44-S) 

M. kubolai (F-Cj-26-0) 
M. kubo抱i (F丹羽 0)
M. kubolai (M-Tt-S-0) 
M. kubolai (M-Tt・7-0)
M. sp. (M-Tt-17-0) 
M. sp. (M-Tt-19-0) 

1∞ 1 M. sp. (M-~t-21-~) 
M. sp. (M-Tt-2S-0) 
M. sp. (M-Tt-47-0) 

M. kubolai (F-Cj-24-0) 
M. kubotai (F一月一12-0)
M. kubotai (F干j-1 4-0)
M. kubotai (F-Fj-42-0) 
M. kubotai (F-Lj-2-0) 
M. kubolai (F田吟6-0)
M kubolai (F-Lj-l1-0) 
M. kubotai (F-Lj司29-5)
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Fig.l. ML tree of the JÌ今rmecophilus crickets, as estimated from cytb sequences (434bp). The host ant 

taxon and the canopy openness of the collection sites are indicated by codes (host ant subfamily -host 

ant species -sample nUl11ber -light environl11ent). Host ant taxon code: see T;ぬle 1; Canopy openness 
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the body surf品cecharacters. Bootstrap values (>う0%) are shown 立bovebranches from 1000 replicates. 
Branches are drawn ro scale, with the b♀r representing 10% sequence divergence目
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In M kinomurai, one lineage G was a generalist which parasitized a wide 

variety of host ant species and was distributed in western ]apan (Table 1), 
while the other lineage D (one sample) parasitized L. ぞpathepusand was colｭ
lected in Yamanashi Prefecture, eastern ]apan. In M kubotai, one lineage E 

was a generalist and the other lineage F prefとrred to parasitize Tetramorium 
(Fig. 1 8ζTable 2). 百le two lineages both distributed in central ]apan and 

they were sympatric at a locality in Tokyo (Table 1), yet distinct host speｭ
cialization is maintained. 

Host-and habitat preferences 

明セ tested host preferences for four cricket lineages (C , E , F and G) , and 

found that lineage F showed signi五cantpreference for Tetramorium tsushimae 
(Table 2). For habitat preference, lineages E andF preferred open environment 

such as forest edges, and G for shaded environment like forests (Table 2). 

T♀ble 2. One-way chi-square test for biasεd host-and habitat preferences of the ant crickets. If the 

crickets inhabit that host/habitat in signif�antly higher proportion than the expected proportion, i.e. , 

the proportion of that host/habitat amongtotal available host nests with any crickets s乱mpled， they 乱re
judged to 'prefer' that host/habitat. See text for details. ホ:P < 0 .0う，ホホ:P く O 目 00う， ns: not signi五cant.

Cricket lineage Host taxon 1 Expected Observed P 

(samples町) Canopy openness tested proport1on proportlon 

Host pre氏rence

C(2) Tetramorium tsushimae 10/44 (0.23) 2/2(1.00) ns 
E(15) Fo門施正ajaponiは う 144 (0.11) 4/15 (0.27) ns 

Lasius japonicus 10/44 (0.23) う 11 う (0.33 ) ns 

Formicinae 31144 (0.70) 1211 う (0.80) ns 

F (9) Tetramorium tsushimae 10/44 (0.23) 719 (0.78) 
G (19) Aphaenogaster japonica 2/44 (0.05) 2/19 (0.11) ns 

Camponotus obs日間pes 2/44 (0.05) 2/19(0.11) ns 

Camponotus japonicus 4/44 (0.09) 2119(0.11) ns 
Lasius japonicμs 10144 (0.23) う 1 19 (0.26) ns 

Lasius spathepω 4/44 (0.09) 4/19 (0.21) ns 

Po/yergus samural 3/44 (0.07) 2119 (0.11) ns 
Formicinae 31/44 (0.70) 16/19 (0.84) ns 

Habitat preference 
C (2) Open 30 /4ぅ (0.67 ) 2/2(1.00) ns 
E (15) Open 30 / 4う (0.67) 1411 う (0.93 )
F (9) Open 30/45 (0.67) 9/9(1.00) 
G (19) Shaded 15/45 (0.33) 16/19 (0.84) 
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DISCUSSION 

Phylogeny 

百1e mtDNA phylogeny revealed seven distinct lineages. Six of the seven 

li町ages each corresponded to one morphospecies (Fig.l). Although gene 
trees do not always represent species trees, mitochondrial DNA trees have 

proven robust in inferringspecies boundaries or corroboratingmorphological 

hypotheses (e.g. , Wiens {)ιPenkrot 2002). 1he basi叫ly congruent feature 

of mtDNA lineages with morphological groupings shown here (Fig.1) sugｭ

gests that the mtDNA tree of the crickets reflects species phylogeny for the 

most part. 

Wと detectedtwo sets of cryptic mtD NAlineages inM kinomurai (lineages 

D and G) and inM 初botai (lineages E and F, Fig.1). Based on the fact that 
the lineages showed distinct host specif�ities and/or distributions (Table 1), 
they, especially the extensively-sampled E and F, appear to represent cryptic 

species. Although ecological anddistributional traits may not def�itivelyform 
the basis of a species concept, they are 0丘eninformative for delimiting species 

in the absence of a robust morphological framework (Q旦ek et al. 2004). 

1hree morphospecies, M gigas, M kinomurai, and M sapporensis, esｭ
tablished by Mar町引na (2004) based on structures of body surface, were 

all included in a single lineage G. 百1e absence of sequence variation among 

the three morphospecies may indicate 1) incomplete lineage sorting of the 

mitochondrial gene, 2) introgression of mtDNAs among the three morｭ
phospecies, and/or 3) that the three morphospecies are invalid and are simply 
morphological variants of a single species. Incomplete lineage sorting and/or 

introgression of mtDNAs across species boundaries both might be the case 

because the three species are close relatives (Maruyama 2004), a吋beca山eM.

kinomurai and M gigas are 0丘en sympatric. Alternatively, if the intraspecif� 
morphological v品riationever explains the identical D N A seq uences, the variaｭ
tion of the structures ofbody surface and body size may reflect ‘postimaginal 
development' as reported for termitophilous beedes, which adjust their own 
body size and shape to host termite species in response to a termite-derived 

chemical substance (Kistner 1979; Ballerio 2000). Com prehensive sam pling 

combined with phylogenic analyses with more (especially nuclear) DNA 

markers will clarify whether the cryptic mtD NA lineages are cryptic species, 
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and whether incomplete lineage sorting and/or introgression of mtDNA 

occurs (e.g. Sota & Vogler 2001; Shaw 2002). 

Host preferences 

Crickets oflineage F significandy preferred T. tsushimae. In general, specific 
association of myrmecophiles to their host ants are maintained pardy by the 

myrmecophile's adaptation to the behavior of its host ants. For example, the 
staphylinid beetle Pella comes (みras comes) which lives together with Denｭ

drolasius ants adapts behaviorally to the ants (Akino 2002). They intrude 

in ant trails, walk actively, make contact with the ants using antennae, and 
obtain regurgitated food from the host ants. In another case, some Papuan 
Myrmecophilus crickets are behaviorally adapted to tree canopies because 

their host ant species are arboreal (Maeyama & Terayama 1994). In the case 

of the lineage F crickets, they move more slowly than other Myrmecophil.μ5 

cricket species (T. K., personal observation). Several species of Tetramorium 
are known as the slow-moving ants (Javier & Xim 1994; Fielder 1990) , and 

so is T. tsushimae. 百lUS ， the slow behavior oflineage F crickets appears to be 

an adaptation to the host ant's slow behavior. Such behavioral similarity of 

Myrme仰がルcricketsto their host antspecies was also reported for European 

Myrmecophi伽ùルルμω…4μ川5パ川Cαnωi

: i比ty oft出he cricket line白age F ma可ypa紅rtl匂y be due to behavioral adaptation to T. 

tおStμω4“shがimae. Another possible factor maintaining the specificity is the unique 

shape of scales covering the cricket's body surface, which have been used for 
the morphological classification (Maruyama 2004). The shape of scales differs 

between cricket morphospecies, and this might be important in absorbing 

CHCs of their specific ant host species. 

Lineages E and G were generalists. 百1Ïs finding is consistent with Akino 

et al. 's (1996) finding that ant crickets parasitizing a natural colony of Lasius 

japonicus could live in experimentally-introduced colonies ofFormica japonica 

and Lasius nipponensis. These generalist Myrmecophilus cricket lineages can 

fl.exibly change their CH C pro五les by acquiring CH Cs from host ants 

(Akino et al. 1996), and they may therefore readily be accepted by different 

ant hosts. 
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Preferences for habitat openness 

百le cricket lineages C, E and F tended to be collected in open forest edges, 

whereas lineage G was collected in shaded forests (Table 2). Thus, their habit品t

preference may depend on environmental factors such as light intensity and/ 

or humidity. Judging from this, they may 五rst select habitat by its openness, 

and then colonize preferable or dominant ant taxa available at the habitat. 

For example, in the Kanto area (centralJapan) , dominant ant species include 

T. tsushimae (Myrmicinae, openland) , F. japonicus (Formicinae, ope山nd)

a吋L.japonicus (Formicinae, open and shadedland) (Yamaguchi 2004). 50, 

if we assume that crickets oflineage F prefer openland-dwelling myrmicines 

as their potential hosts, T. tsushimae is the most likely choice for them beｭ
cause T. tsushimae is the only dominant myrmicine in openland. 50, lineage 
F may have the potential to be a host伊generalist， but due to the poverty of 

host fauna in central J乱pan， lineage F is forced to be a ‘specialist'. 1n this sense, 
it is not surprising that the formicine-preferri時 cricket lineages (E and G) 
are generalists, bec乱use formicines include a diversity of dominant ground 

dwellers in centralJapan. 
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