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Abstract The antJoving cnckets(orthOptera:Myrmecophindae)are Ob‖ gate inqunines within

ant colonies that obtain nourishment from ants in their nests.Recentし new mOrphological and

genetic approaches have revealed more ant cricket species than had previously been recog―

nized and have provided insights into their host specificity ln thiS Study we compare the degre。

of host specificity and behavlor bemeen 2 cryptic hneages of the ant cricket Myrmecop力 ilus

ktrbOraF Maruyama that distinctly differin their mtDNA sequences but are rnorphologica‖ y indis―

lnguishable.in the neld,cnckets Of lineage l(Specialists)were fOund in nests of Teframο ″υm
rsusヵimae Emery(Myrmicinae)at a high frequency(89%);whereas,c面 ckets of‖neage‖ (gen―

eralists)were fbund in nests of up to 12 ant species be10nging to Formicinae and Myrmicinae

Behavioral observations in ant nests revealed thatlineage:suffers few ant attacks and showed

frequent intirnate behavior vvith ants,ie,9Ю oming !n contrast,‖ neage::often suffers ant attacks

and showed less frequent host grooming.:n」 apan's Nanseilsiands,a`も uper‐specialist"species

of ant cricket that lives conlmensa‖ y with a single ant species has been reported to depend on

mouth■o―mouth feeding from the worke『 ants;whereas,another“ super― genera‖ sr'species that

lives commensa‖y with a variety of anttaxa fOeds itself Compared with these,the 2‖ neages in

the present study exhibited intermediate host specificity and behavioral specialization.These

resuits suggestthatthere are various stages of specialization of commensansm in this genus

KeywOrds inqu‖ nes,commensalism,an卜loving clckets,cryptic species,myrmecoph‖ e,Myrme―

cOp力 ilus k」bOraf

り 月
'η
eCOp力rilus(OrthOptera:Myrmecophilidae)is the Only genus of orthopteran

myrmecoph‖es(Kistner 1 982)and haS a wOrldwide distnbution(Maruyama 2004).

Starting with the first record by Savis(1819),a number of obseⅣ ations are reported

on the behavior ofthese ob:igate inquiline crickets(1.e.,eating ant eggs,licking the

surface of an ant b∝ v disrup10n of ant trophallaxis,feeding via direct mouth¨ to¨ mouth

transferl(Wasmann 1901,Schinnmer1 909,Hё ‖dob!er1 947,Wheeler1 900,Henderson

and Akle 1986,Sakal and Tё rayama 1995,Akino et al.1996).Ants genera‖ y use the

composition of cuticular hydrocarbons that coverthe body surface of other ants as a

means to re∞ gnize members ofthe same co!ony(e.g.,Smth and Breed 1995,丁 homas
et al.1999,Wagneret a!.2000).Surp百singly some Myrmecoph″ υs species can nnimic
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the co:ony chemistry by acquiring these cuticular hydrocarbons via physical contactto

establish a“ chemical rnimicry"(SChimmer 1909,Henderson and Akle 1986,Sakal
and Terayama 1995,Akino et al.1996).

丁he taxonomy of M/rmθCOphilus crickets has been ambiguous because of the

scarcity of rnorphologica!characteristics that can be used to distinguish among spe‐

cies.丁 his has delayed the ciarification of their ecological and ethological diverslメ in

」apan,4 rnorphospecies were tentatively recognized based on unstable characteris―

tiCS(e.g.,body color,body size,size ofleg spurs),and One ofthe morphospecies was

thoughtto show random associations wnh>30 ant species(Sakai and Terayama 1995,

Akino et al.1996).The abSence of host specificity in Myrmecopわ 〃υs has otten been

reported for nonJapanese species(SChimmer 1909,Wheeler 1 900,Bernard 1 968),

and ant crickets were thought to shift among host ant species in the course of their

groMハh stages(Hё lldObler 1 947,Baccetti 1 967,Sakal and Terayaha 1995)Recentlyj

howeveL Maruyama(2004)clasSified」 apaneseルレ″ηecOpr7:luS Crickets into at least

10 species based on the structure ofthe body surface and noted that particu!ar spe‐

cies of ant crickets tended to be co‖ ected from nests of specific ant species.Furthe鳥

KOmatsu et al.(2008)repOrted that」 apanese ant crickets can be grouped into atleast

2 types based on their host specificity:one thatis commensa‖y associated with a few

ant species(a speCialist)and anOtherthatis commensa‖ y associated with many ant

species or genera(a generalist).MOreOveら KOmatsu et a!.(2009)reported that the

degree of host dependence and the frequency and type ofinqu‖ ine―host interactions

drfered between a“ super―specia:isr ant cncket(Ⅲ ■meCOpわ〃υs arb′θゎcrus ChOpard)

and a“super¨generalist"ant cricket(MyrmecOphi:us roム mοsar7υ S Shiraki).丁 he super―

specialist exhibited behavior and physiO:Ogy adapted to a single host ant species;

whereas,the supergeneralist adopted avoidance behavior such as quick movements

to form commensa!istic associations with as many as 9 ant species belonging to 3

subfam‖ ies.This suggests that trade¨ offs occur beh″ een specia!ization for specific host

species and the retention of generalization to exp!oit multiple host species(KOmatsu

et al.2009).

Itis unclear whetherthis extreme specia!ist― genera!ist dichotomy is applicab:e to

every ant cricket species.For example, in the specia!ist M_kubο raF Maruyama,one
mtDNA lineageぐ ineage l)appears tO be commensalislc p面 ma“ :y wlh Terramο

“

um
rsusゎJmaθ Emery(Formidicae:Myrmicinae),anhOugh a few individuals have been
co‖ ected from colonies of other ant species(Komatsu et al.2008);whereas,the su‐

perspecialist几 4a′bFc′ncrtrs chOpard was found in the nests of only l ant species,

ス,9ρrOrepな grac〃ipes Fr.Smlh(Komatsu et a1 2009)On the Other hand,another
cryptic lineage of the generaiistん4 kubOraF(!ineage ll)that was recognized based on

its mtDNA sequence seems to restrictitself to severa!ant species that belong to the

subfam‖ y Formicinae(Komatsu et a!.2008);whereas,the supergeneralist ML formOsanυ s
is commensalislc wnh many ant species from 3 subfami!ies(Komatsu et a1 2009).

丁hese observations suggest that continuous variation exists among species in their

behavioral specialization and host specificity.

丁he recentirnprovement of ant cricket species(lineage)identification based on a

morphologica:and moleculartaxonomic framework(Maruyama 2004,Komatsu et al.
2008)has enabled us to detect ecological and ethological differences among cricket

taxa in the present paper,we describe the host specificity and behavior of a specialist

lineage(l)and a generalistlineage(‖ )of几4 kubOraFand compare them with those of

the superspecialist几 4 arbicincrys and the supergenera:ist ЛИ.rormOsanυs.Based on
the resu:ts of this comparison,we discuss the diversity of specialization in ant crickets
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Materials and Methods

Host speclficlty. Sampling was conducted from 2004‐ 2008 at 5 sitesin or around

hardwood tree stands ranging from Honshu to Kyushu,」 apan(Tab!el).Adun or nymph

crickets were co‖ected from host ant nests At each sampling site,vve located a‖ ant

nests within 20 study plots,each 2× 5 m perrandomly selected unit area(30× 30m).

Once an ant nest was located,we co‖ ected as many M_々 υbOrar crickets as possible

by excavating the nestifit was subterranean or by spraying insect relectant(repe‖ ent

to keep mosquitoes out)intO the nestifit was arborea!.丁 he co‖ ected cricket samples

were immediately preserved in 100%ethanol.Many co‖ eagues helped us collect

samples in this way.Once in the!aboratory we macerated the ant crickets in DNA

extraction buffer and conducted PCR wth mtDNA pnmer pairs(cy!わ ,434bp)tO generT
ate mtDNA profi!es for each of the ant crickets using the methods described by

Komatsu et al(2008).The mtDNA sequences were aligned using Clustal X IThOmpson

et al.1997),then We performed Bayesian analysis using MrBayes 3.1.2(Ronquist and

Huelsenbeck 2003).'И rMOde!test(Nyiander 2004)was uSed fbr hierarchicallikelihood

ratio tests fbr significant differences among increasingly complex substitution models.

The GttR+G model was se!ected by the Akalke informalon cntenOn.The matnx was

ana!yzed over 5,000,000 generations using the selected parameters.14 rerramο ″′

(Komatsu et a1 2008,Genbank a∝ ession No.AB443897)and Лtt rOmοsarllrs(Komatsu

et al.2008,Genbank accession No.AB443926)were uSed as outgroups.
Cricket―ant lnteractions. ln」 une 2009,we established 2 1aboratory ant colonies― ―

one of I IsυsわFmaθ wlh cnckets from lineage l,and the other of Formicaヵ ροniCa

Motschulsky(Formicinae)Wkh Cnckets from!ineage‖ .Both co!onies were obtained

near Nagano,Japan.丁 he compoSition of both was keptthe same(50 workers,30 ant

!arvae,20 crickets),and each was rnaintained in a plastic container(20× 10x15cm,
w×d×l)111ed Wnh gypSum to a depth of 7 cm.The ants and cHckets were fed 50%

sugar water and a dead mealworm for2 wk afterco‖ ection These meals were replaced

everyday.

After 2 wk,behavioral observations were performed on the 2 cricket‖ neages in a

sma‖er plastic container(10X10× 10 cm).Four crickets from lineage i and 20… 30
ェ rsysゎ″ηaθ ant workers were released into l container,and 4 crickets of lineage ll

and 20… 30FノaρOr7rca ant workers were released into another containen The insects

were supplied only wnh water and were left undisturbed fbr 24 h.丁 he next dayj we

placed 5 ant larvae into the container,as we‖ as a dead mealworm and 50%sugar
water(w/v),WhiCh c!osely approximates the foods of ant cnckets and ants in the wild

(Kistner 1 982).丁 he antlaⅣae and the dead rnealworm were placed on the floor ofthe

containet and the sugar water was absorbed into a ba‖ of cotton and placed in a l¨ cm‐

ta:l stand that only the ants could climb and the crickets could not fё ed upon directly.

We then recorded the numberoflmesin l h that each cHcket(1)Was attacked by ants

(i.e・ ,the ants opened their rnandib!es and pursued or bit the cricket)and immediately
escaped from the ant,(2)fed itSelf,(3)groomed an ant body(4)disrupted trophallaxis

between ants,and(5)fed via direct mouth‐ to―mouth transfer from the ants.For each

cricket species,we repeated these obseⅣ ations 5 tirnes with different sets ofindividuals

it is difficu!t to visua‖ y distinguish between the two lineages of几4 kubOral There‐

fore,we initia‖ y assumed that crickets co‖ ected from the 71 rsushJrmae colony were

specialists and the ones co‖ ected from the F japο r7icacolony were generalists After

our observations,we identified these samples as belonging tO lineage l or i!based

upon their mtDNA sequences.
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Table l.Overview of the sampied specirnens, mtDNA lineages (see Fig.1),
locality and their cytb Genebank accession numbers.

ｍｔＤＮＡ囀
Sample
No Locaiity

Genebank access:on
No.

1.l    Nishiyahata,Kal,Yamanashi

l.2    Nishiyahata,Kal,Yamanashi

13    Nishiyahata,Kal,Yamanashi

l.4   Suminoe,Osaka,Osaka

l.5   Suminoe,Osaka,Osaka

16   Suminoё,Osaka,Osaka

l.7   Suminoe,Osaka,Osaka

l.8   SuminOe,osaka,Osaka

l.9   Yayoi,Saeki,Ona

l.10   Uzue,Tahara,Aichi

l.1l   Sakal,Sakal,Osaka

l.12   Matsugasaki,Sakyo,KyOtO

l.13  Chiya,Nlimi,Okayama

l.14   Matsugasaki,Sakyo,Kyoto

Shiroyama‐machi,Matsuyama,Ehime

Ono,Ichikawa,Chiba

Ono,lchikawa,Chiba

Shiroyama― machi,Matsuyama,Ehime

Hakozaki,Fukuoka,Fukuoka

KOkura,Kitakyushu,Fukuoka

Shiroyama‐ machi,Matsuyama,Ehime

Chuo,KObe,Hyogo

Makino― cho,Takashirna,Shiga

Tanushimaru¨ machi,Kurume,Fukuoka

1.25  Bunkyo,MIo,ibaraki

l.26   Chuo,Kobe,Hyogo

1 27   Uchiura,Numazu,Shizuoka

l.28   Yasaka‐ machi,Hikone,Shiga

l.29   Meg卜 cho,Takamatsu,Kagawa

l.30  Shiroyama¨ machi,Matsuyama,Ehime

l.31   Uchiura,Numazu,Shizuoka

1.15

1.16

1.17

1.18

1.19

1.20

1.21

1.22

1.23

1.24

AB566211

AB566191

AB566183

AB566214

AB566212

AB566187

AB566184

AB566186

AB566182

AB566188

AB566190

AB566189

AB566225

AB566227

AB566226

AB566223

AB566224

AB566228

AB566192

AB566194

AB566217

AB566185

AB566221

AB566222

AB566220

AB566202

AB566216

AB566208

AB566200

AB566196

AB566193
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Table l.Continued

231

mtDNA Sample
!ineage   No. Locality

Genebank accesslon
No.

1.32

1.33

1.34

135

1.36

1.37

1.38

1.39

1.40

1.41

1.42

1.43

1.44

1.45

1.46

1.47

21

22

2.3

2.4

25

2.6

2.7

2.8

29

2.10

2.11

2.12

2.13

2.14

2.15

216

Meg卜cho,Takamatsu,Kagawa

Uchiura,Numazu,Shizuoka

Makino‐ cho,Takashima,Shiga

Uchiura,Numazu,Shizuoka

Makino― cho,Takashirna,Shiga

Shiroyama…machi,Matsuyama,Ehime

Machikaneyama― cho,Toyonaka,Osaka

Makino¨ cho,Takashima,Shiga

Uchiura,Numazu,Shizuoka

Makino¨ cho,Takashirna,Shiga

:zuhara,Tsushima,Nagasaki

izuhara,丁 sushima,Nagasaki

Uchiura,Numazu,Shizuoka

izuhara,Tsushima,Nagasaki

Machikaneyama‐ cho,Toyonaka,Osaka

Naka,ibaraki

Suminoe,Osaka,Osaka

Uchiura,Numazu,Shizuoka

Aido,」 inzeki,Hiroshima

Uchiura,Numazu,Shizuoka

Tessei,N‖mi,Okayama

lnokashira,FuliyoShida,Yamanashi

Hisayo,¬DiyO,HirOshima

Chuo,KObe,Hyogo

Suminoe,Osaka,Osaka

Akahone‐ shima,Kamlima,Ehime

Akashikoen,Akashi,Hyogo

Hisayo,TttyO,Hiroshima

Machikaneyama‐ cho,Toyonaka,Osaka

Satoyamabe,Matsumoto,Nagano

Satoyamabe,Matsumoto,Nagano

Kouzushima,Tokyo

AB566195

AB566207

AB566201

AB566197

AB566199

AB566213

AB566215

AB566218

AB566219

AB566203

AB566206

AB566198

AB566210

AB566205

AB566204

AB566209

AB566161

AB566163

AB566162

AB566166

AB566165

AB566164

AB566175

AB566178

AB566177

AB566176

AB566181

AB566140

AB566160

AB566159

AB566169

AB566180
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mtDNA Sample
lineage    No. Locality

Genebank accesslon

No.

Il

li

li

ll

li

l:

:l

I:

ll

li

li

ll

li

iI

Il

lI

il

li

l!

!l

li

ll

ll

l!

lI

ll

ll

il

2.17   Chuo,KObe,Hyogo

2.18  Hika‖ ,Azumino,Nagano

2 19   Satoyamabe,Matsumoto,Nagano

2.20   Chu9,KObe,Hyogo

2.21   Satoyamabe,Matsumoto,Nagan6

2 22   Asakawa,Nagano,Nagano

2.23   Satoyamabe,Matsumoto,Nagano

2 24   Satoyamabe,Matsumoto,Nagano

2.25   Hikari,Azumino,Nagano

2.26   Asahi,Matsumoto,Nagano

2.27   :shioka,lbaraki

2.28   Asahi,Matsumoto,Nagano

2.29  Asahi,Matsumoto,Nagano

2.30   Asahi,Matsumoto,Nagano

2.31   Nakabusa,Azumino,Nagano

2.32   Nakabusa,Azumlno,Nagano

2.33   Yata,Mishima,Shizuoka

2.34   Satoyamabe,Matsumoto,Nagano

2.35   Ueno,Taitou,Tokyo

2.36   Asakawa,Nagano,Nagano

2.37   Satoyamabe,Matsumoto,Nagano

2.38   Soga,ShicJirl,Nagano

2 39   Hikan,Azumino,Nagano

2.40   Satoyamabe,Matsumoto,Nagano

2.41   Yata,Mishima,Shizuoka

2.42  Satoyamabe,Matsumoto,Nagano

2.43   inokashira,Fulinomiya,Shizuokai

2 44   Kamioshidarl,Higashimatsuyama,

Saitama

2.45   Uchiura,Numazu,Shizuoka

2 46   Uchiura,Numazu,Shizuoka

AB566174

AB566167

AB566170

AB566168

AB566151

AB566150

AB566149

AB566148

AB566147

AB566171

AB566141

AB566146

AB566145

AB566144

AB566143

AB566142

AB566139

AB566152

AB566153

AB566154

AB566155

AB566156

AB566157

AB566158

AB566134

AB566129

AB566136

AB566132

AB566138

AB566130
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Table l.cOntinued
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ｍｔＤＮＡ呻
Sample

No. Locality
Genebank access10n

No.

Ｉ

Ｊ

ll

ll

ll

iI

ll

:|

2.47   Uchiura,Numazu,Shizuoka

2.48   Uchiura,Numazu,shizuoka

2 49   Uchiura,Numazu,shizuoka

2.50   Uchiura,Numazu,shizuoka

2.51   Yata,MishiFna,Shizuoka

2.52   Yata,Mishima,shizuoka

AB566128

AB566135

AB566131

AB566137

AB566133

AB566172

撼 ド 輔 断 I:薦躙 :

Results

慮W朧寵::鍔機著昴:綿電出‰卑TttT7:蹴 lより]T:
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events/h,P<0.001).Lineage l individuals walked into clusters of ants and frequenJy

groomed both themselves and the ants.Fewwere attacked by the ants when theytouched

or groomed the bodies oftheir hosts.When ants were groomed by a cncket,they usually

accepted this attenlon by contracting theiriegs and antennae in the same way as when

they were gЮomed by a nestmate ant.Sim‖ ar grooming also was obsenred in‖ neage‖ ,

butthese crickets often received an aggressive response from the ants.

Disruption of tropha‖ axis beh″een ants was rarely observed with either lineage

(O VerSus o.3± 0.2 events/h,P=0.163).Directfeeding from host ants was observed

in both lineages,with no significant differences between lineages(0・9± 0・ 3 versus

O.8± 0.2 events/h,P=0.696).丁 his behavior was primanly seen immediately after

fresh fOod was supplied to the containers;both cricketlineages groomed the ants from

the b6dy toward the head.When crickets groomed around an ant's mandibles,the

ant regurgitated liquid food and the cricket consumed it.Myrmecophilus arbicincrys

(the Superspecialist)iS knOwn to show peculiar“ begging"behaviortoward ants,such

as beating the ant's mouthparts wnh ls fOrelegs or maxillary palps(Komatsu et a:.

2009),butthis behavior was not seen in eitherlineage ofん 4 kubOrai

Discusslon

The two!ineages of M々υわOraF exhibited different de9rees of host specificity and

different behaviors toward their host ants.Lineage:crickets showed strong specificity

tO I rsυsゎimaθ;whereas,lineage:i crickets were commensals with up to 12 Formi‐

cine and Myrmicine species.丁 he primary host species with which lineage:l was as‐

sociated(e.g, こasiusiapο r7′θys Santschi, Fl iapο r7iCa,and Campο r7ο rys yapοβたus

Mayrl are the predominant ant species in」apan andfbrm huge co:onies(e.9.,16,000

in a colony fbr F Jaρ οnica)(MyrmecOlogical Society of」 apan 1991,Yamaguchi2004).

Therefore,the crickets often encounterthese ant species in the wild and may easily

use them as hosts.

Lineage i cnckets(Specialists)receiVed signlicanly fewer aggressive reactions from

the ants and groomed the host ants significantly rnore frequentty than was the case for

‖neage li crickets.These behaviors resemb!e those ofん 4 aJOjθ

`ncrus,the superspecialistant cncketfound in」 apan's Nanseilslands.ル レmηecOphillys aわた′ncrus even shows“beg―

ging"behavior to induce tropha‖ axis from ants when they meet(Komatsu et al.2009).

Lineage l cnckets did not show mouth‐ to¨ mouth feeding immediately after meelng its

host and did not demonstrate the begging behavior durin9 trophal:axis.丁 his indicates that

lineage:crickets exhibit less efficient exp:oitation ofits host due to a lowerlevel of spe―

cialization,even though t uses l rsusゎ rimaθ as its p面 mary host(89%of the colonies).

り ″ηeCOphilusノ b″ηOsar7Js,the supergenera:ist species from the Nanseilslands,

does not show any begging behavior and avoids physical contact with host ants

(Komatsu et al.2009).ThiS Species shows a!ow dependency on any one ant species
and is entirely a predator and scavengerthat eats antiarvae or dead insects.These

feeding habits may increase survival by enabling the species to live in nests of rnany

ant species(KOmatsu et al.2009).ln cOntrast,lineage li crickets of A4 kubOraF exhib¨

ited intimate behaviors,such as grooming and tropha‖ axis with the ants,although at

a relatively low frequency.Therefore,if ЛИ.formOsanJsis defined as a supergeneralist,

lineage ii crickets appearto be a rnoderate genera:ist tthe fOrmer species exhibits a

wide host range that is somewhat independent of the ant subfamilies;whereas,lin‐

eage‖ cnckets are mainly restncted to the Formicinae(Table 2).丁 his limlalon of ls

hostrange atthe subfamily level may enable:ineage ll crickets to exploitthe Formicinae
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Fig.1.Bavesian tree ofthe two lineage of Myrmecophilusk」 borai as est:mated

from cytb sequences(434bp).肌 rerramOrlil andルl formosarlys were

used as outgroups.Posterior probability(1.00)that are analyzed over
5,000,000 generations are shown above branches.Branches are drawn
to scale,with the bar representing O.l substitutions′ site.Sample No.
and the co‖ ection localities are shown in the parenthesis.

more efficiently.Tb elucidate this relationship,it will be necessary to compare the sur¨

vival rate for this species in colonies of other species in the Formicinae orin difFerent

subfamilies and to assess the frequency ofintimate behavior with these hosts.
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in conc:usion,″ ″ηθCOpわ ilusant crickets were previously thought to be generalists

However, recent ethO10gica: investigations combined with taxononlic reviews have

revea!ed a remarkab!e diversification oftheir host specificities and the types of dietary

resources and hOw they are used among species in this genus.One superspecialist

species is reported tO be associated with a sing!e ant host species;whereas,a super―

generalist species is assOciated with atleast 9 ant species representing 3 subfamilies.

in the present study we demonstrated the existence of ant cricket species with inter‐

mediate degrees of hOst specificity and behavioral specialization.Predaceous(gener_

alist)and cuCk00(specialist)speCies in the lepidopteran genus Macurirlea are a typical

example ofintrageneric polarization in behavior among myrmecophi10us insects(e.g.,

丁homaS and wardlaw 1992,Thomas and Elmes 1998,Als et al.2004).ln Myrmeco‐

ρわ〃υS, hOWever, species with an intermediate level of specialization, exhibitino
characteristics of bOth specialists and generalists,are now known tO exist.Caution is

necessary when we cOmpare behaviOrs among cricketspecies,because ant cricket

species that have been used in the present study and in previous research(KOmatsu

et al.2009)differed in the host species that are avallabie to them.However,the fact

that a gradual change in the extent of specialization has been detected within a single

genus nonetheless provides insights into the evolutionary diversification ofthese par‐

asitic organisms.Future phylogenetic analysis of Myrmecopゎ ilusvvi‖ elucidate further
intrageneric evolution of host specificity
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