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Fossil Insects from the Chéjabaru Formation,
lki Island, Japan*

By

Ienori FuiiyAma**

BLFE™ 2, REFBORKLA

Introduction

‘The occurrence of fossil insects at Chéjabaru, Iki Is. has been reported by KaNerak:
(1935), Esaki (1935) and CHisHakr (1952). The present article deals with three insect
remains excavated in September, 1969 during the investigation by the National Science
Museum of Tokyo, together with four other specimens previously collected.

The geology of the Chéjabaru area is summarized in a paper by Isuipa, Fujrvama
and others in this Memoir. Fossil insects are found in soft diatom earth, about 17 m
thick, intercalated between volcanic conglomerate and scoria, constituting the Chéjabaru
Formation. The diatomite is divided into three parts by alternations of sandstone and
mudstone, and insect fossils occur in the upper and middle parts. Fossils other than insects
from this formation have been studied and are preliminarily reported in this Memoir; land

Fig. 1. Map showing the location of Iki Is.

* Tertiary Insect Fauna of Japan, 4.
** Department of Paleontology, National Science Museum, Tokyo
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plants by IsHIDA, diatoms by NoGucHI, fishes by ToMopa. Because this formation is iso-
lated in the small area of eastern Iki, its relation to the other formations cannot be determined
directly. As regards the geologic age, the Chojabaru fossil flora indicates the similarity
to the Daijima Flora representing the Middle Miocene flora of Japan. This fact is not
contradictory to the stratigraphical and lithological evidences. '

Description
ORTHOPTERA
Family Tettigoniidae

Terpandrus? ikiensis sp. nov.
(Plate 15, figs. 12 and 1b; Fig. 2)

Material: Holotype. Complete specimen except for head, antennae and tarsi;
unfortunately, partly damaged owing to the intentionally added streaks along the outlines
of wings and legs by the collector or somebody else. Stored in the Iki Kyodokan (Museum).

Description: Total length estimated about 72 mm. Vertex and frons missing, hence
insertion of antennae unknown. Area of clypeus and labrum rather narrow and elongate.
Pronotum appears rather small and short though partly hidden by forewing. Forelegs
developed, larger than mid legs; femora strong, about 17 mm long.  Front tibiae armed with
at least five strong and long spines as long as 3 mm; spines nearly uniform in length; terminal
spines on outer side invisible. Auditory organs on front tibiae appear to be covered. Front
femora with spines pointing inwards. Middle tibiae and femora armed with spines as in
front legs, but a little shorter than those of front legs. Hind legs comparatively long;
femora about 32 mm long; spines on posterior tibiae and femora not preserved owing to
artificial damages. Posterior femora not much swollen basally. Tarsus of each leg not
preserved. Forewing about 58 mm in length, 12.5 mm in breadth, fore and hind margins
parallel and not expanding outwards. Sc running parallel with R, but not very close to
each other; gently undulate. Costal area much broad in basal half. Sc pectinate with

a. Forewing of a tettigonid from
Malaysia. x1.

b. Do of Tettigonia orientalis
Uvarov from Japan, X1.

c. Do of Terpandrus? ikiensis sp.
nov., fossil.
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several distinct branches towards fore margin. R, without branch. Rs arising at 3/8
from base of R, and furcate more than twice. MA branching out more than three times
towards hind margin; many veinlets filling between branches. MP -+ Cu,, straight, much
shorter than half of wing-length; Cu complex scarcely preserved. No cross vein, nor
marking on wing. Abdomen missing.

Remarks: The present grasshopper apparently belongs to the family Tettigonidae,
though the head and antennae are missing. However, the missing tarsi of each leg and
antennae obstruct the determination of subfamily and genus. The venation remaining on
the fossil forewing is typical of Tettigonia-type, which is most typical of modern unspecialized
Tettigoniids (ZEUNER, 1939). Comparing with those of recent species, such as Tettigonia
orientalis UvAROV (Tettigoniinae) from Japan and a species (not Tettigoniinae) from
Malaysia, no difference is found between them except that the network is not recognized on
the fossil wing. However, according to ZEUNER (1939), the Tettigonia-type of venation is
found in very many subfamilies, not only in the Tettigoniinae, Decticinae and Saginae, but
also in the whole Conocephaloid group of subfamilies.

The present fossil specimen is characteristic in the armature not only on tibiae but on
femora with strong spines, which reminds us of a predator like a mantis. The conspicuous
spines on legs, the shape, the venation of forewing, etc. seem to indicate the genus
Terpandrus, a genus of Saginae distributed in Australia. However, both the spines on
legs and the wing venation are not decisive characters to diagnose its taxonomic positions
(CaupeLL, 1908; ZEUNER, 1939). The proposal of a new extinct genus may be considered.
The writer would abandon the strict identification of subfamily and genus on account of the
lack of head and tarsi, and temporarily place the species in the genus Terpandrus. None of
the fossil species hitherto known to science is allied to the present specimen.

HYMENOPTERA

Family Formicidae

Aphaenogaster (Deromyrma) avita sp. nov.
(Plate 15, figs. 2a and 2b; Fig. 3)

Material: Holotype. Winged form, probably female. Found as lying on its back
and body turning sideways. Deposited in the Department of Paleontology, National
Science Museum, Tokyo, cat. no. NSM-P1-7417,

Description: Rather large in size, total length of body unmeasurable owing to missing
abdomen. Head estimated 2.9 mm in length, though not well-preserved. Thorax about
4.8 mm long, much longer than head; antero-dorsal part of thorax rounded in a lateral view.
Scutum and pronotum with distinct longitudinally corrugated sculpture. Forewing with
venation of Solenopsis type, 11 mm long, 4.5 mm broad. Costal cell rather narrow. Stigma
comparatively thin. Discoidal cell moderate, rather diamond in shape than trapezoidal.
Extension of both upper veins consisting of discoidal cell (parts of M and Rs + M in general
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Fig. 3. Forewing of Sphaenogaster
(Deromyrma) avita sp. nov.

nomenclature) reaches vein Sc+R. Vein m-cu slightly expanding outwards. Above-
mentioned two features, extension of vein and expanding m-cu, may be ascribed to individual
variations. 'The first cubital cell moderately elongate, narrowing in distal half. Cubital
vein (vein Rs+ M) branches a transverse cubital vein (a part of vein Rs) before middle
of st cubital cell. The first transverse cubital vein slightly curved upwards. Shoft
transverse vein dividing 1st cubital cell and radial cell (cross vein r) oblique to costal margin
of wing. Radial cell open. The second cubital cell open, rather narrow, but expands in
distal part owing to descent of cubital vein (vein M). Cubital vein (M) reaches outer margin
of wing. Median vein (vein Cu) distinctly bent at about middle. Abdomen missing.

Remarks: Judging from the venation of forewing the fossil ant is closely related to
Deromyrma, a subgenus of the genus Aphaenogaster. Deromyrma is distinguished from
the other subgenera by a single cubital cell resulting from the reduction of a transverse
cubital vein (a cross vein rs—m). However, the same pattern of wing venation appears in the
genus Solenopsis and the common features between them are represented by a single cubital
cell and by the branching of cubital vein at the middle of cubital cell. They are so allied
that they are hardly distinguishable unless other features than wing venation, such as
antennae, etc., are compared. Consequently, the taxonomic position of the fossil ant
would be not fixed, but the writer is inclined to refer it to Deromyrma, because of the slightly
upward-curved 1st transverse cubital vein (a part of vein Rs), the sculptured thorax and the
long head. The first feature suggests the reduction of the 2nd transverse cubital vein.
Most of living Solenopsis are not sculptured on thorax and head. The long head is
characteristic to Aphaenogaster.

Eleven fossil species of Aphaenogaster have been described so far, viz., four species from
the Baltic Amber (MAvYR, 1868; WHEELER, 1914), two from the Miocene Radoboj Beds
(HeEr, 1849, 1867), two from the Miocene Florissant Shales (CARPENTER, 1930), two from
the French Oligocene (THEOBALD, 1937) and one from the Austrian Pliocene (BACHMAYER,
1960). Of these, three species from the Baltic Amber are worker castes, and among the
remaining winged forms only three species, 4. berendti MAYR from the Baltic Amber, 4.
maculata TuEOBALD from Aix-en-Province of France and A. pannonicus BACHMAYER from
Brunn-Vésendorf near Wien, Austria, show the wing venation like the Japanese fossil
ant, while others possess two transverse cubital veins and two cubital cells. BACHMAYER
(1960), for comparison, illustrated some fossil wings with venation of only one cubital
cell. They had been described as species of “Myrmica”. Their wing venational pattern
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is somewhat allied to the Japanese, French and Austrian fossils, despite that a few of them
are possibly Solenopsis. With the large size, the wing venation and the sculpture on thorax
the Japanese species is easily distinguished from the European species, although comparison
of their head or abdomen is impossible.

At the present time, Aphaenogaster is widely distributed over the world, predominating
in Central America and in the Mediterranean region. According to EMERY (1922) and
WHEELER (1922) the subgenus Deromyrma is found in the Old World tropics. In the
arrangement of subgenera of Aphaenogaster, however, some problems remain unsolved
(Cre1GHTON, 1950).

Several species of Aphaenogaster living in main islands of Japan are not placed in the
subgenus Deromyrma but Aphaenogaster s.s. (= Attomyrma). More than eight species
of Deromyrma are known from the Southern Asia south of Taiwan (Formosa) (CHAPMAN
and Capco, 1951), but the species corresponding to the Japanese fossil would not be found
among them.

Family Apidae

“Apis” sp.
(Plate 15, fig. 3)

A large fossil bee (NSM-P1-7418), about 18 mm long, was excavated. There is no
room for doubt that this is a species of honey bee judging from its wing venation, and is a
queen as indicated by abdominal segments, tibiae and tarsi. This fossil honey bee does not
fall under the genus Megapis or Micrapis of ASHMEAD advocated by Maa (1953), but is
possibly Apis in the strict sense based on the abdominal terga and short wing. It is regret-
table that the description is not given here because of the want of the requisite literature to
refer to, viz. papers by ARMBRUSTER, StaTz and ZEUNER. ‘

DIPTERA
Family Bibionidae

Plecia kanetakii sp. nov.
(Plate 15, figs, 4a and 4b; Fig. 4)

Bibio sp. Esakt, 1935, Kagaku, 5 (2), p. 54, figs. 1, 2.

Material: Holotype. A female specimen, well-preserved except for head. Deposited
in the Department of Geology and Mineralogy of Kyoto University, cat. no. JC 1200027.
Collected by D. Kaneraki in 1910. Previously illustrated by Kanetaki (1935), Esaxr
(1935), and Masuromr and Hamapa (1966).

Description: Female. Body rather slender; blackish; total length 12 mm. Head
poorly preserved. Antennae short, 0.8 mm long; consisting of more than 11, perhaps 12
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Fig. 4. Forewing of Plecia kanetakii sp. nov.

joints; each joint flattened except basal and last ones. Thorax invisible as the specimen
lies on its back. Legs slender, not swollen; unarmed with any spines other than numerous
short hairs on the whole surface. Anterior femora about 3.1 mm long; anterior tibiae
3.2 mm long, apically without spurs or teeth. Posterior femora 3.7 mm long, tibiae about
3.5 mm. Wings slender, a little over beyond apex of abdomen in repose; 9.6 mm long, 2.8
mm broad. Costal vein reaches apex of wing, with short hairs on first half. First vein
(Sc*) thin, ending beyond middle of costal margin of wing. Second vein (R) stout, straight,
branching Rs before middle. Stigma absent. Third vein (Rs) branching off forward at
about middle; branch rather thin and ending near terminus of second vein. Fourth vein
(M) straight in first half, bifurcate in latter half. Third and fourth veins connected by
anterior cross vein (r-m). Distance between fork of fourth vein and anterior cross vein
about twice the length of cross vein. Fifth vein (Cu,) not distinct at basal part, but joined
with fourth and sixth veins by faint short veins. Distance between two cross veins more
than four times the length of cross vein r-m. Abdomen rather slender; with long hairs
on hind margin of last segment; no hair on lateral margins of each segment.

Remarks: Plecia kanetakii sp. nov. is characteristic in large size, slender wing and
large distance between anterior and posterior cross veins. A great number of species of
Plecia have been recorded from the European Tertiary (Heer, 1849; HEypEN & HEYDEN,
1865; OustaLeT, 1870; FORSTER, 1891; THEOBALD, 1937; STATZ, 1943; and the others)
and American Tertiary (ScuppER, 1890; CockERELL, 1911; MELANDER, 1949). It would
be difficult to find species corresponding to the present specimen among them, partly for
the inaccurateness of the figures in the former reports.

The geographical range of Plecia in the present time is world-wide, but its predominance
appears in the Oriental and Palaearctic regions, whereas in Africa and South America
they are rather scarce.

Bibio? sp.
(Plate 15, fig. 5)

A dipterous specimen (NSM-P1-7419), found by the writer in 1965, is impossible to
identify definitely its taxonomic position because of the invisibility of available features,
viz. the wing venation, head, etc. However, its form and swollen femora of each leg suggest
a species of Bibio, though uncertain. The length is 13 mm.

* Nomenclature of wing venation follows LaNDROCK (1940) tentatively.
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Family Mycetophilidae

Gen. et sp. indet.
(Plate 15, figs. 6a, 6b, 7a and 7b; Figs. 5a and b)

Two specimens of fungus gnat (one is kept at the National Science Museum, Tokyo,
NSM-P1-7420, and the other at the Yawata Primary School), probably belonging to the
same species, are presented. They are large in size for Mycetophilid gnat. The wings,
12.5 mm and 13.5 mm long, both being 5 mm broad, have characteristic venation. The
fossil wing appears to want the cross vein r-m; as a consequence, the radial sector branches
from the radius at a low angle. The subcosta is not observed probably owing to its shortness.
The media furcates slightly beyond the middle of wing. The cubitus furcates once rather

Fig. 5. Forewings of Mycetophilidae gen. et sp.
indet.
a. Specimen at Nat. Sci. Mus. Tokyo.
b. Do at Yawata Primary School.

néar its base. Such peculiar feature as the reduction of the cross vein r-m, is not found in
any living and Tertiary species so far as the writer’s knowledge is concerned. They remind
us a species of Plecommidae from the Russian Jurassic (RODENDORF, 1964). However, the
present Japanese species seems to show rather simplified wing venation than the primitive one.
These large fungus gnats may represent a new genus. But preservation of the specimens is
too poor to define a genus, the description might be given later when much better-preserved
specimens are found.

A Brief Note on the Fossil Insect Fauna of Iki

Besides the above-dealt six species, the occurrence of a species of Orthoptera has been
recorded by CHisHAKI (1952), who noted that this Tettigid was identified by Esak1 as a much
larger grouse locust than any kindred species distributed in tropical regions. This specimen,
unfortunately, has been lost.

It should be impossible to find directly relative species to the fossils from Iki among the
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Recent insect fauna of Japan, to say nothing of the corresponding species. All fossil species
are of the large type for the respective groups, and a few of the groups are not distributed in
Japan or northern Asia, but are found in southern Asia south of Taiwan. The fossil fauna of
Iki seems to be rather of warm climate, which coincides with the indication of the Middle
Miocene fossil flora in Japan, viz. the Daijima Flora. Most of relatives of the fossils may
be detected in the fauna of Taiwan, South and West China and Himalayan District.
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B AR\ OREREFROERLEDL S ERTIROES XCRILAR, HE{hsX @mshTY
25, BRIEAR A ONZ LR ZMDEL, HIFPI4ERSRL O TORLCTENRD., €K
JARB (1935) i, BAR42FE~KIE2EOERTIC BRI A IMERA, 5 b1 EnIBl=18 ticky,
FRIDIFEOMEFMES N LE2RU TV S, FELBER S hiT > HBREHEL L, Bibio sp.
ELTVE. ZOBERIBES KB EHERZIHFERECRESNTEY, KB T Plecia kanetaks sp.
nov. ELTHBLA-BDTH 3. o 1 M RBL L, 1 BRIFERHETH 5. BRFE— (1952) 3E
bz DILEDHI DT, HEHFEORIEAEHRLE, ChdToEEicL ey vy 2RO 1 FET, #
HEDHZBOLDILED, 2NLVBANCAETHSEL TS, MKIZC oML A 1 A%
BT, L SIKHFE S B THRENEL TR,

REFITIR » 7R, 1960ERVBEEMROTE - 12868 LG ORATIRIC & 2 RIFDOEKC
Bonik 3ER, BEBIHESLIOBNERICREOS 1M, 1965FEELIVED 1 JK, € hICHTLRE
REFBERDFH 7TER, 6 TH5.

1. Terpandrus? ikiensis FUIYAMA, sp. nov. (£ ) £ ) 2BF A/ FLRE?) K& 72mm LT 5
AKEOF) £) 23T, FHOBHEHENEFOS 28, LU0 BREOHEDOYHF Y ICUUTV 3.
LALILATR, oD RMoBE, DO, BHICbs 0V BRTHETS -1 L2HE-T
5. ZODIE Saginae MHTHBEC LEBbY, HOHARLBEA—Z L5 ) TSH TS Terpandrus
EVEVBOBEOOT, TITRECZOBIABIE T2, UL, 4+ HoANRE L O
DEFIR, PFELOMBERICT IV 2D V—FIRASN, ThEFTREEDLNZBERENRT
BETEDV. 325, COMERIFBERETS L0 LES BERPBEOMANICHE L SHRB L O HH.
BREIRNTHRVOT, FROBERS LU, X, (B METERM L EEARED.

2. Aphaenogaster (Deromyrma) avita FujivaMa, sp. nov. (7 )R 7+ 7YV B) #E 11 mm. 8%
5 O, HRMSHEMLT, TV FH T ) BO Deromyrma BEDOHDOLBbh 5. ZOBOMDHE
BObLOR, B2REMNSZ, COBBTRE 2 NERSBEL:AZBDHES 1 2L, ERTER
b Db0DI Solenopsis + 77V BHHY, MASIHNIBINEETHIM, LETRERESNT
WIS, P 7Y TR, RO S KRB LOROEADH Z dOMEFLALEBNTE, FRD
FAR12 &ip 5 Deromyrma FiED & D EYIML 72

3. “Apis” sp. (2 Y NFRIYAFR) BRESLZTHSHCL v AFO1HT, EHPHroZTL
HEENS, HET O TRDETZAEO Megapis TRV R Lin#Eds, LB vV AFOXMHBRE
ROTRECRER®RARE B,

4, Plecia kanetakii FujivaMa, sp. nov. (¥ NI Ty K/ ~1g) BHEBROTRERTLERT,
PR > Plecia BEHMENE. Rs DOATHCNIBENTT, AHKICK > T3, Cuy OEEBIZHBE
TRV, BOERTHROMRICHEEZL5THS. ZOHRKRE, Rs & M 23 SpTHOKIRE O
ROKRENT EN, ABOBBENAIES. MARE,L, BMRBHsALEL, sFsRon. (F
BRFEFIDFEETR .
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5. Bibio? sp. (/s STE?) BAREEZTICLTEY, HRGEETERVOTREWES
2T EBUTMLY. LoL, K&E, 2, S 5ALBEREM S Bibio OTIHEMEMIRL.

6. Mycetophilidae, gen. et sp. indet. (F/ aIHBERE) RO F/ azBiCET3EBbA
% 28A HESFNFN 125 mm B 13.5mm &, F/ a2 : LTREFAEY, FRKEREM
2L IR r-m 2K &, Rs JEMAET R ASFELTNS, TODXHE r-m g/ an
TRBE, LRELRYEST, FIEERRTELDEEI LN, LOLEXORERBIFTEL, $XE
BAXORRAINITENLHZDT, RERPTERTLC LU, #Ik rr-m ORKRE, FRHBHRQ
HEABLTHWAEEZDL LD, rrm OB{LLIODEBLEFNINTHS .

Pl 6 &, Deromyrma BERIEFRHICAHOTONHY, BEITRMEN S, Plecia BidittHh
KA L, BARRS/NEBLEBE TS, BLARFESL. +)F) 2001, BE, 3—a vy,
T7Y AEW, AR b7 TERN 3HIRICA TS Saginae BRO D5 L, BAXAZLT
REMTRIZ, —ic, REFREIVEHORRLAR, TOMBIEIVv—TDbDLLENBERE
THBLEHBBTHE. TLABOLER, BEOAAORBMIC, TOERERMTC LTS, &
LARE, hEE - L SORFERET OB THRTEEITHS.

B, EERERRUALHETI YD, RELRFTSEOAFBUR, RERERLE
OHEFEREL, FHRFARERBERE, RES2VIEARSCHERE BRAED 00 NER
EBNEE, SREIMERIGHER, AENARBEAERR, T/ U NEREARKER, BJ/UENE
BEPAEAR, AAPYREERER, OMREMOBRHERICELBLEL LFs. BESIUIL
ABRRIOXEA WETRES -7, NTERBRPLEAR, BEUNFEHERRRER, RAG/IRBK,
BELEARERESNINCKR, AEERBER, HESSERARBEER, HEXFLBNREK, S0EH
B+ 2 -AAER, GRBEESEREBAR -RKICERHOBERTIRETHS.

References

BacuMaYER, F. von, 1960. Insektenreste aus dem Congerienschichten (Pannon) von Brunn-
Vosendorf (sudl. von Wien) Niederosterreich. Sitz. Ost. Akad. Wiss., Math.-nat. Abt. 1, 169
(1): 11-16, pls. 1-2.

CaupeLL, A.N., 1908. Orthoptera. Family Locustidae. Subfamily Decticinae. Genera Insectorum,

.72 fasc: 43 pp., 2 pls. Bruxelles.

CARPENTER, F.M., 1930. The fossil ants of North America. Bull. Mus. Comp. Zool., 10: 3-66, pls.
1-11.

CuapMaN, J.W., & S.R. Capco, 1951. Check list of the ants (Hymenoptera: Formicidae) of Asia.
Monogr. Inst. Sci. Tech. Manila, (1): 1-327.

CHISHAK], S., 1952. Fossils from Iki Is. Jour. Soc. Earthsci. Amat. Jap., 6 (1): 34-41. (In Japanese.)

CockereLL, T.D.A., 1911, Fossil insects from Florissant, Colorado. Bull. Amer. Mus. Nat. Hist., 30
(4): 71-82, pl. 3.

CreicHTON, W. S., 1950. The ants of North America. Bull. Mus. Comp. Zool., 104: 1-57, pls. 1-57.

Emery, C., 1921. Hymenoptera. Family Formicidae. Subfamily Myrmicinae. Genera Insectorum,
174A, 174B and 174C fasc.: 397 pp., 7 pls.

Esaki, T., 1935. A fossil insect from Iki Is. Kagaku, 5 (2): 54. (In Japanese.)

ETTERSHANK, G., 1966. A generic revision of the world Myrmicinae related to Solenopsis and
Pheidologenon (Hymenoptera: Formicidae). Aust. Jour. Zool., 14: 73-171.

FORSTER, B., 1891. Die Insekten des “Planttigen Steinmergels” von Brunstatt. 4bh. Geol. Specialk.
El.-Lothr., 3 (5): 335-593, pls. 11-16.

Heer, O., 1849. Die Insektenfauna der Tertiargebilde von Oeningen und Radoboj in Croatien.
Zweite Abt. Neue Denkschr. allg. Schweiz. Ges. Naturwiss., 11: 1-264, pls. 1-17.

- 1867. Fossile Hymenopteren aus Oeningen und Radoboj. Schwei. Ges. Naturwiss., 22;




74 Ienori Fujivama

3-42, pls. 1-3.

Hevpen, C.H.G. von, & L. von HEYDEN, 1865. Bibioniden aus der rheinischen Braunkohle von
Rott. Palaeontogr., 14: 1-30, pls. 8-9.

Isnipa, S., I. Fujivama, T. Havasal, Y. NocucHi & Y. ToMoba, 1970.  Geology and paleontology of
the Chéjabaru Diatomite, lki, Japan. Mem. Nat. Sci. Mus. Tokyo, (3): 49-64, pls. 11-14.
(In Japanese with English abstract.)

Kanerakl, D., 1935, Insect fossils from Iki. Studies of Geography, 12 (4): 34-35. (In Japanese.)

Lanprock, K., 1940. Zweiflugler oder Diptera. VI: Pilzmucken oder Fungivoridae (Myceto-
philidae). Die Tierwelt Deutschlands und der angrenzenden Meeresteile, 38 Teil. 166 pp. Jena.

Maa, T.,1953. An inquiry into the systematics of the tribes Apidini or honeybees (Hymenoptera).
Treubia, 21 (3): 525-640.

MasutomMmi, K., & T. Hamapa, 1966. Fossils in Colour. 268 pp., 96 pls. Osaka. (In Japanese.)

Mavyr, G.L., 1868. Die Ameisen des baltischen Bernsteins. Beitr. Naturk. Press., 1: 1-102.

MELANDER, A.L., 1949, A report on some Miocene Diptera from Florissant, Colorado. Amer. Mus.
Novitates, (1407): 1-63.

OustaLer, M.E., 1870. Recherches sur les insectes fossiles des terrains tertiaires de la France.
Premiére partie. Insectes fossiles de ’Auvergne. Ann. Soc. Géol. France, 2 (3): 1-178. pls. ¥-5.

Racge, D.R., 1955. The Wing-Venation of the Orthoptera Saltatoria. Brit. Mus. (Nat. Hist.).
159 pp. London.

RoHDENDORF, B.B., 1964, The historical development of dipterous insects. Trud. Pal. Inst. Akad.
Nauk SSSR, (100): 1-311. (In Russian.)

ScUDDER, S.M., 1890. The Tertiary insects of North America. Rep. U.S. Geol. Surv., 13: 1-663,
pls. 1-28.

Statz, G., 1943. Neue Dipteren (Nematocera) aus dem Oberoligocan von Rott. Palaeontogr., Abt.
A, 95: 1-65, pls. 1-12,

THEoBALD, N., 1937. Les insectes fossiles des terrains oligocénes de France. Bull. Mens. Soc. Sci.
Nancy, N. S., 2: 1-473, pls. 1-29.

WHEELER, W.M., 1914, The ants of the Baltic amber. Schrift Physik.-6kon. Ges. Kénigsberg in Pr.,
55 (1): 1-142.

1922. Keys to the genera and subgenera of ants. Bull. Amer. Mus. Nat. Hist., 45:
631-710.

Zreuner, F.E.; 1939, Fossil Orthoptera Ensifera. Brit. Mus. (Nat. Hist.). 321 pp., 80 pls., London.

Explanation of Plate 15

Fig. 1. Terpandrus? ikiensis sp. nov. Holotype, stored in the Iki Kyodokan (Museum).
a, X1. b, x1.5.

Fig. 2. Aphaenogaster (Deromyrma) avita sp. nov. Holotype, NSM-P1-7417. a, X1.
b, x2. '

Fig. 3. “Apis” sp. NSM-P1-7418. x1.

Fig. 4. Plecia. kanetakii sp. nov. Holotype, stored in the Kyoto Univ., JC1200027.
a, X1, b, xX2.

Fig. 5. Bibio? sp. NSM-P1-7419. X1,

Fig. 6. Mycetophilidae, gen. et sp. indet. Stored in the Yawata Primary School.
a, X1. b, X2,

Fig. 7. Mycetophilidae, gen. et sp. indet. NSM-P1-7420. a, X1. b, X2.
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