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Abstract

The genus Rhagovelia is revised for the region
comprising Borneo, Celebes, and the Moluccas. Rede-
scriptions are given for species previously described
from the area, and 26 new species are described.
Figures of the dorsal habitus and key characters are
pr0v1ded for all species, accompanied by a key to
species and distribution maps. Species occurring in the
region are divided into eight monophyletic intra-
generic species groups, some of which also contain
members outside the region, based primarily on wing
venation, thoracic morphology, and genitalia. A zoo-
geographic analysis is presented based on the distribu-
tion of these groups within the Malay Archipelago and
surrounding regions. We conclude that the present
Rhagovelia fauna of the Malay Archipelago is derived
from species which originated in continental Southeast
Asia, Australia, and New Caledonia. Distinct lineages

have entered the region from each of these three source

arens nanatrating the archinelaca with differine de-
aréas, péneéiraung in€ arénip:age wiii Glucrng G

grees of success and contributing to the fauna of each
individual island to varying extents. Species groups of
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Asian origin do not extend beyond Celebes and the
Lesser Sunda islands, while species groups of Papuan

origin are absent in the Lesser Sundas and do not ex-
tend west of Borneo. Endemic snecies srouns have also

LCIIC WCESL O DOXIC0, LIACCHILC SPLCCICS pr YLpPs LaVl &is0

arisen on New Guinea, the Philippines, the north
Moluccas, and Borneo. A section on ecology and be-
havior is provided, dealing in particular with the al-
titudinal segregation of species on individual islands.
The following new Rhagovelia species are

described: bacanenszs borneensis, celebenszs, christenseni,

grans hamdinhis smeaomitn lovolimdainma amorhdolvs anolamad,
6’ ayi, nainajane, inCognia, vorevinGuana, meinacyd, nwnuu,up-

sis, minahasa, obi, pruinosa, ranau, sabela, samardaca, sam-
arinda, sarawakensis, silaw, simulata, sondaica, sulawesiana,
tawau, tebakang, unica, and wallacei. Rhagovelia mindana-
oensis Hungerford and Matsuda 1961 is synonymized
with Rhnmmp/m orientalis T.undblad 1937 (new syn-

onymy).

Introduction

Small water

striders of the genus Rhagovelza are

rlv nhiguitous in unland traonical streamc thronoh_
i GOIHUILUUS i upialilG uOpilar SuUCalils uiiCugst

a
out the world, yet the last revisor of the group for the
pal

Old World was Lundblad (1936). Since then various
workers have dealt with Asian and Indo-Pacific Rhag-
ovelia species, i.e. Andersen (1965), Drake (1948), Hun-
gprf‘nrr‘ and Matsuda (1061) Lundhblad (10327)

(3 BL03 001 @i’ Nziawsula \2T01), AsuniGuiala \2TC 7 )y

Polhemus (1979) Polhemus and Herring (1970a

It

the Phnllppmes (Hungerford and Matsuda 1961) none
of these were revisionary works. Brown (1956), Hober-
landt (1941, 1951), Poisson (1942, 1948, 1949, 1951, 1952,
1955a, 1955b, 1958) and Sallier Dupin (1976 1979) have

dCdll Wll.h Lhc BPCLICD fl Oill ﬂfl lhd, Luauasaauu dlld dd‘
jacent islands so that this fauna is better known, but
there is still a need for a modern revision, since there
are undescribed taxa in these regions, and no complete
key to the species exists. When we began collecting

Rhaoaovelia in the iclands of the Malav Archinelaco we
fanagovena in € 18angs of (e Maiay Arciaipeiage we

soon realized that this part of the world contained an
EXir (ﬂﬁcly UIVCI se dllu dh_ﬂosl (‘.‘Illli Cl)’ uIliCPUI LCU
fauna, whose analysis would offer valuable clues to the
zoogeography of the region. This report is thus in-
tended to fill a major gap in the systematics of the genus,
and to offer hypotheses as to how the species attained
their present distribution.

This is the first of a series of papers in which we
intend to revise the genus Rhagovelia a region at a time
for the Old World. We feel justified in this approach
because, aside from some taxa present on mainland
Asia and Africa, most species are endemic to particular
islands or continental regions and often have extreme-
ly limited distributions. We have at hand extensive

material, mainly from our expeditions supported by
the National Geographic Society, that will more than
double the number of Old World species, and for some

'IQIQ"\AQ or lQIﬂn(" O‘Y‘ﬂllpﬁ I“I"TPQEP fhP ]{nnwn Fﬁ!lnﬁ ]'\‘I

45:aliGS O 5:aliQ8 540 A00ICasT Ul KII0WIL laulia

ten-fold or more, e.g. New Guinea, the Solomons, Bor-
neo and Celebes.

Locality Dat
The area covered by this revision includes the is-
lands of Borneo, Celebes, Halmahera, acan, Morotai,

UUI, dIlU ﬂ.lllUUll DU.l 11co lb UIVIUCU bClWCCl
countries; Malaysia, Indonesia, and the tiny sultanate
of Brunei; all of the remaining islands are completely
within the boundaries of Indonesia. Malaysian Borneo,
referred to as East Malaysia in this report, occupies the

waoactarn nnvnnn f the |c|')nr‘ ')nr] |c r]nnr‘pr‘ 1nfn hnn
wesiern pPoUush ux uil i1oiazx GiViGCQO 10

states, Sarawak in the southwest and Sabah in the north.
IIIUOIleldIl D()rﬂe() lb KIlUWIl as l\dlll_ﬂaﬂtall dIlu lb
divided into four provinces, of which we have seen

material from only one, Kalimantan Timur (East Kali-

1 Llll €c

mantan) Tnﬂnnpcv)n r\rn‘nnrnc which are the pnnl_
iialitdily. fUQGULCSsIail plIOUVIGGICS, Wiiili: ait uid

valent of American states, are further subdivided into
administrative uniis known as nau‘upate‘ns, which are
roughly equivalent to American counties. Where pos-

sible we have included the names of the kabupatens in

our locality data to aid future researchers in more ac-

LUl aUladyy Gawa w0 ails duuit atstailag ail 10T al

curately locatlng our collectmg sites. A locality readnng
CTINTMNNLQT A - 7L P P o

LINDUINNLOLIA, muuuu, 1v1¢11u1&u L’l OV., Rao. lVldlLll\Ll
Tengah” thus gives the country, the island, the
province and the kabupaten.

Several of the islands in the Moluccas have alter-
native names or spellings in the older literature. Hal-
abhava oo P e | 11~ A A~
ifiancira was 101imcer l)’ reicrrca I.U as UIIUIU, ana Dd\,dll
has been variously spelled as Batchan, Bachian, Batjan,
and Batchian. Similarly, Amboina is a frequently en-
countered spelling for Ambon, and Mority is an older
spelling for Morotai. In most cases we have employed

the madern Indonecian snellinog for islands and towns
Ll INOGCIN A nUlnliiain Splinaiigs 101 151aiils aixk wWWWias,

though we have retained the name Celebes for the is-
ld“u uu: llluUllelanS now C&H oUl&‘w“éSi

Distribution maps are provided for all species
treated in this report. The maps of Borneo, Celebes,
and the Moluccas are all drawn to the same scale, based
on a Bartholomew 1:5,800,000 map of Southeast Asia.
in cases wnere SCVCrdl LOIICL[I()II lU(.dlllles were lIl Ll()bC
proximity, a single symbol has been used to indicate the
general area. Due to the many species present in a small
area on Mt. Kinabalu, Borneo, a smaller scale map has
been provided (fig. 14) to show the collection sites there.

CL numbers following collection localities refer to

data codes used by the authors to reference ecological
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notes. Institutional codes for specimen depositories are
indicated in the acknowledgements.

Morphology

An excellent treatment of the morphology of the
infraorder Gerromorpha has been provided by Ander-
sen (1982) thus our purpose here is to explain those fea-
tures unique to Rhagovelia and characters used in the

kev. Figures 1-9 illustrate the basic mnrnhnlno’v of the

S ‘. 128S 1310 DasiC INOIP00E) ©L U

genus.

ic characters, however

separates some close-
ly related spec1es The | presence or absence of minute
dark conical setae (denticles) on the sides of the j jugum

is also diagnostic in some cases, but when present they

are ')lcn pvu"nnt on the r\rnph sternum (Pa) wherae thav
iv Ui ual Pl l.uuu.;.. A LT/, WiliT uily

are easier to see (ﬁg 1).

The mor puurugy’ of the thoracic
segments of apterous Rhagovelia has not been treated
in detail by any author, althou gh Matsuda (1956) de-

scribed these structures for nla te ! ,hwtm-/mhn_ Various

other Veliidae have been analyzed in some detail, e.g.
AAAAA 10QO0\ T-noo2o /10NN i e
mluc13cu \1904), Uupulb \19/V), Lbdl\l auu lVll)’dlllULU
(1955). The interpretation of the dorsal thoracic seg-
mentation in particular has been a controversial mat-
ter; Parshley (1921), Drake and Hussey (1955) and Esaki

TAISILC \F5a2), AIaRl alill I1VSSCH 2009, |10 Lsaxl

and Mlyamoto (1955) offered three dlﬁ"erent mterpre-
tations of the thorax of aptercus Microvelia. We accept
the latter work, as did Smith (1980), thus in our view
apterous Rhagovelia have three undivided dorsal tho-
racic sclerites, the pronotum (P), mesonotum (Ms) and

metanotum (Mt), and the first abdominal segment (I)
visible dorsally (fios. 7. 8). This rore

is visible dorsally (figs. 7, 8). This same interpretation
was apparently used in the species descriptions of Rhag-
ovelia by Andersen (1965) and Bacon (1856), although
neither author discussed the morphology.

The number of dorsally visible abdominal tergites

varies from 7 to Q in anterous females. while in anterous
TiCs Iroinl 7 10 7 11 apPiCTous ICimaics, wWiiliC 111 apicrous

males it is usually 9, although the ninth visible segment
may not actuauy be tergiLC IX, but rather X. The female
seventh tergite is sometimes strongly modified (e.g. into
an elongate medial process; see fig. 159) but no such
modifications are known for tergite VIII. Abdominal
segments VIII - X are involved with the genitalia and
pai‘tit,uuu 1y in females are often modified and difficult
to interpret. In males the eighth segment (the first geni-
tai segment) is usuaily not strongiy modified but may
have excellent diagnostic characters. The ninth (fig. 3)
is the genital “capsule” or pygophore (Pg) and bears the
parameres or claspers (Cl), whereas the tenth is the
proctiger (Pr), or anal plate, which is sometimes mod-
ified (fig. 33). The female eighth abdominali tergite may

PR [ R [ S

i{ na dUUUlllllldl

m (‘)'
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appear very similar to VII (figs. 2, 8) and lie on the same
plane or it may be directed downward and be invisible
from above or nearly so (figs. 37, 39). Rarely it is
withdrawn within tergite VII and thus barely visible ex-
ceptin a caudal view (ﬁg. 188,190 ). Unless tergite VIII
is strongly deflected the ventrolateral parts, the first
gonocoxae (Gx1), are visible (fig. 2). The female tergite
IX does not form an anal lid in Rhagovelia (Scudder,
1959) thus the small button-like segment protruding
from under tergite VIII is segment IX, with segment

X lving directly heneath it: often these two
Aaying GIrecuy oéncain I oiitn nese twe

one segment.

The legs, especially the posterior ones, provide
good specific key characters. The spines and denticles
of the hind femora and tibia (fig. 6) are quite stable
characters, although the complement varies somewhat.

In a few species the male hind femur varies from slight-

v to ex alv ineraceate and in the lattar avir, o ha
1] w \-ALA \-lll\'l] i1iLiadsoary, ullu lll Lllb l“bl—\«l wall \«lll\.— l‘uo

correspondingly stouter armature and also curvature
of the hind tibia. The species illustrated in figures 1 - 9,
Rhagovelia lugubris Lundlbad, is the only species of the
genus known to posssess a stridulatory mechanism,

consisting of 2 file (mlectrum) on the dorsum of the
consisting O a il (piedirum,; Oon in¢ aorsum of iné

posterior trochanter (ﬁg 6) and a peg field (strigil) on
the abdominal sternites (fig. 5). Andersen (1982) dis-
cussed stridulatory mechanisms in Veliidae, but at that
time Stridulivelia Hungerford and Angilovelia Andersen

were the onlv veliid cenera in which thece striictures
WEIC wiaC Uiy VG gliilla winicCn tnese struciures

were recognized Since then J. and D. Polhemus (1984)
have described a striumatory mechanism in the genus
Paravelia, very similar to the one shown here except that
the plectrum on the trochanter consists of minute pegs
instead of transverse rlrlgpc

In macropterous forms the basal abdominal ter-
guca PUSSESS Pau cd luusuudlual carmae \115 AJ‘I} LuaL
are useful in taxonomy, especially in defining species
groups. These carinae may occur only on tergite iI or
may extend further, in some species onto tergite IV;

the length is constant for a given species and relauvely
t in orouns. Matsuda (1056) hac illustrated

ain HIOUPS. HMawla (1000 as iuusidalc

these carinae for a number of New World species and
discussed their Varldumt‘y' and stgmucance, but we dis-
agree with his conclusion that short carinae are plesio-
morphic; see discussion following group analysis.

Onlv the anterons and macronterous mornhs are
Only the aptercus and macropterous morpns are

known in Rhagovelia The forewing venation of macro-
ptcrb lldb DCCII w1uc1y USCU lll UlC V Cllluae as a Llldl ac-
ter separating higher categories, and is relied on here
to delineate species groups. The basic wing venation is
explained in figure 9. Various venation patterns are
shown in ﬁgures 22 - 27. The simplest pattern, and in

our VlCW LllC d.lJUlllUI lJlllL delC, lb a Wlllg Wll.ll iwo Udaal
cells (fig. 22). When distal cells are present, the cross
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vein between Sc and R + M is often weak and sometimes
appears to be absent, thus in populations of a single
species individuals may be found that apparently have
either three or four cells, e .g. R. sumatrensis Lundblad.

el Nrec or 10Ul Cclls, STINELTeriaty LR I1C DA

In addition adventitious veins may be present that add
cells to the normal complement (fig. 23).

Species Groups

Andercen (10R9) rnnnirinrnd t

4SAaGCIGTIL (1004 ) LULGIUETT

be a clearly monophyletic group on the basis of pretar-
bdl morpumugy, auu o lIl(,lu(.lt‘ Lnrcc gcm:rd T Tuuwpus,
Tetraripis, and Rhagovelia. The two former genera have

only a few species each, while Rhagovelia is perhaps the
lnrgpct genus in the Gerromornha (nnlv the genus

Mzcroveluz may be larger), with about 200 spec1es known
ne incliiding numernng nndeseribhad forme Al
I-U us un\,luulus 11UILCIUUDS UlulLdLLIvLtu 1ulL L. -
though many clearly defined subgroups can be found
within Rhagovelia, authors have chosen to treat these as
at most subgenera (Matsuda, 1956), or more typically

as “species groups” (Bacon, 1956), the latter a rather
looselv defined category with no official status. How-

200501y GOl alc auil 20 QOlLilial staitus. 120W

ever, since the sphttmg of some of the more clearly
defined subgroups of Rhagovelia into separaie genera
would also necessitate the reevaluation of the entire
classification scheme within the subtamlly, and since the
genus as it is presently defined is clear!y monophyletic,
we have continued to apply the species group concept
when C‘X&muuug lllti‘&geﬁEi‘iL 1‘eiatmﬂsmps Several
well defined species groups may be distinguished with-
in the the Rhagovelia fauna of the Malay Archipelago
and adjacent regions, as outlined below. This treatment
of groups is not inclusive, since only those groups neces-
sary for the discussion of t taxonomy and ZO0ZeEogT: a})uy
in the present paper are defined here. In particular, a

number of groups endemic to Africa and New Guinea
or composed of undescribed taxa have been either
omitted from the present discussion or not formalized.

IInaon comnletion of our work an the remainder of the
v pon Comp:liitn 1 Sur WOrk On e rémainGer o1 ine

Old World species, we will present a characterization of
all groups and a cladistic analysis.

1 Tha carauwalkancie arnn
1 e N | LA~ v

Distinguishing characters: Fore wing with 3 or 4
closed cells which extend slightly onto the distal half
{fig. 108); abdominal carinae extending posterioriy to
the posterior margin of abdominal tergite III; pro-
notum short, length at midline usually less than the
length of an eye, only about one third as long as meson-
otum; males lacking modifications, except in certain
species where the abdominal sternites are longitudinal-
ly carinate medially; male parameres long, slender, nar-
rowing distally, usually with a small distal hook; females

also lacking significant modifications, connexival mar-
gins rarely flattened; female abdominal tergite VIII
horizontal; both sexes small, 2.5 - 3.0 mm. in length,

with narrow body form; dorsal coloration nannrmly

dull blackish with short orange brown band anteriorly
on pronotum.

MNigtsihetlinm. MNavlan Thudaching Qrantar Cirnnd
AZIdLUL IV ULIVULL. UC)’IUII, 11uvdiiiia, Ui LdLLl Juliiu

lands, Andaman Is., Palawan, Ryukyus.

Included species: R. sondaica n. sp. (Malay Peninsula,
Borneo, Java), R. femorata Dover (Malay Peninsula), R.
femorata hungerfordi Lundblad (Sumatra), R. hutchinsoni
Lundblad (Java, Burma, Thailand), R. samarinda n.sp.
(Borneo, Celebes); R. sarawakensis n.sp. (Borneo), R.
tebakang n.sp. (Borneo); R. minutissima Hungerford and
Matsuda (Palawan); R. karunaratnei J. Polhemus (Cey-
lon), R. esakii Lundblad (Ryukyu Is.).

Uullllllclllbo lhc ayllaPUlllUllJll)’ lUl thb sluuy IB Lhc
characteristic fore wing venation (shown in fig.108). In
addition to the above we have an undescribed species
from the Andaman Islands that belongs to this group.

Hlall 15141105 Uldl DCIOIES 1O Ly gToub.

2. The sumatrensis group.

Distinguishing characters: Fore wing with 3 or 4
closed cells on the basal half (fig. 25); pronotum short,
length at midline less than the dorsal length of an eye,
about one third the leng th o

dominal carin
abdominal tergite II; males and females without sig-
nificant modifications; male parameres iong, siender,
with a distal hook, similar to sarawakensis group; female
abdominal tergite VIII horizontal; both sexes small,
length 2.5 - 3.0 ation dull blackish

- mm.: color wi
iengin 4 mm.; ¢oirauicn i s, wiliy a

mesonotum,; ab

—
J
D
]
]
<

i)

3

s
i)

1ac exte 1uius {0 i pOS{ﬁriOA mar giﬁ O

=
c
[a]
=
=

stouter than the normal setae.

Distribution: North India, Indochina, Greater and
Lesser Sunda Isiands, southern China, Formosa.

Included species: R. sumatrensis Lundblad (India,
Sikkim, Thalland Burma, Malaysia, China, Hong

Kong, Formosa, Sumatra, Java, Bali, Flores, Sumbawa,
Lombok).
Comments: The single taxon in this monotypic group,

poans mdannn oda very widesnran P AN

l\. SIA‘«IIMLIUILJIA) 13 VCI)" w1dcap1 Cdd txil.huusu aiucu L e
sarawakensis group, it has certain characters that set it
aside, such as the wing venation and the presence of
thick spines on the base of the male middle femur
(apomorphic); the latter characterisitic is relatively
common in African species allied to the papuensis group,
but not seen in any other Asian species.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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3. The nigra group.

Distinguishing characters: Fore wing with 3 or 4
closed cells which extend slightly onto the distal half
(fig. 24); abdominal carinae extendmg posterlorly to
the middle of abdominal tergite IV; pronotum of in-
termediate length, about twice or more as long as
mesonotum, which is broadly exposed; males with ab-
dominal sternite VII flattened or sculptured but

without hair tufts or tumescences; male parameres

cnatn]ntp broad and truncate distallv: anterons females
spaiiiall, oread and ranlaid Gisialy, apiCrous i¢maics

with connexival margins abruptly incurved along ter-
gite IV; female abdominal tergite VIII sharply down-
turned; size 3.0 - 3.2 mm. in length, with broad body
form; dorsal coloration uniformly dull blackish with
short orange brown band anteriorlv on nronotum.

oIt alnnciioiiy ol proiioliiinn

Distribution: Sumatra

Included species: R. bipennicillata Lundblad (Suma-
tra), R. nigra Hungerford (Sumatra).
Comments: This group was recognized by Lundblad

(1936).

4. The papuensis group.
Distinguishing characiers: Fore wing wiith 3 or 4
closed cells, the distal two formed on the distal half of
the wing (figs. 27, 153); pronotum long, covering all or

nearly all of mesos

extendmg to posterior margin of abdominal tergite III;
males without algumcant modifications, €xcept occa-
sionally on the legs; male parameres variable; females

with or without modifications, but those present in-

clhide a r\rnunrhnn from rnrrnfn ‘ITI 'xnr] aunn-)rp con.
[ 3288415 gL iiiuac i

sternum: doreal abdominal carinae
StCiiiuaiiz, QUISa: avUliiaiia: Laiiiial

Liuul a LuiUii 1101 COL

nexiva; length 2.6 - 5.3 mm.; coloration variable.

Distribution: Ceylon, India, Formosa, Borneo,
Celebes, Moluccas, Australia, New Guinea, Philippines.

Included species: hamdjahi n. sp., unica n. sp., pruinosa
n. sp., sulawesiana n. sp., wallacei n. sp., minahasa n. sp.,
grayi n. sp., lorelinduana n. sp. (all from the Celebes);
meikdelyi n. sp.(Ambon); ambonensis Lundblad (Ambon);

samardaca n. sp., , christenseni n. sp. .(both from Borneo);

agilis Polhemus (Luzon); luzomca Lundblad (Luzon);

nicsmoons Hunocoarford £ Matennda (1 avta A
M/JLILSCIL llullsbll\)lu o lvialwouua \L—d\-yl\r, iva

lundbladi Hungerford & Matsuda (Mindanao); kawa-
kamii (Matsumura) (Formosa, Japan, Luzon, Palawan,
Borneo); tibialis Lundblad (India); rmlamra Lundblad

...... iy L.Unaniac (11daid);

(Ceylon) papuensis Lundblad and several undescribed

species (New Guinca); australicus Kirkaldy (Australia).

indanag):
inGanag);

)
>
3
L
3
3

Fﬂi

Comments: This widespread group is most closely al-
lied to the crassipes group of the New World (see Bacon,
1956). It is close to the ground pian for the genus

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

Rhagovelia in our view, and as construed here may not
be monophyletic since it contains a set of species pos-
sessing plesiomorphic wing venation and abdominal
carinae. Apomorphies distinguishing this group in-
clude an elongate body, shield-like pronotum covering
the mesosternum, and in some species male and female
abdominal modifications as noted above, and dorso-
ventral flattening of the middle and hind femora. The
Papuan fauna contains additional regionally distinctive
subgroups some of which may deserve separate group

No attempt has been made to list all of the species
for each region that belong to this large group, except
that for the Celebes, Borneo and the Moluccas the list
is inclusive. We have, however, listed species from every
region where the group occurs, except the Solomons

The papuensis group is also closely related to a set
of species occurring in Africa, the Seychelles, the Com-
ores, the Mascarenes and Madagascar which were
recognized by Lundblad in 1933 as the nigm'cans group.

These species from the Indian Ocean region, however,

2 11CSC SPCCICs IO AL 2iall Ateall 15073, 120

possess thick setose spines on the base of the male mid
o ol cake thavs oo Forner Acion
wciuiur, a cnaracier winicii SCis Lllclll a.Pa.lL 11U111 wials
taxa. Several other groups from this region are also

more closely related to the papuensis group than to the

5. The novacaledonica group.

Distinguishing characteristics: Fore wing with four
closed cells, the two along costal margin extending onto
the distal fourth of the wing (fig. 23; note adventitious
fifth cell); pronotum short, length at midline subequal

to the dorsal length of an €ye, mesor 1otum Auuouy &x-
posed; abdominal carinae extending at most to the
posterior margin of abdominal tergite II and onto the
intersegmental suture, but frequently much shorter,

extendmg barely onto anterior margin of tergite II;

malas and females withont ugntrranr modifications

11aiCS aiQ iCiia:ls Wauiludl aailaily n0Gtauivlls,

except for reflexed connexivum; male parameres spa-
tulatie, USuauy broad LuStauy, 1engtu 3.4 - 5.3 mm.;
coloration dark brownish with a short transverse

orange brown band anteriorly on the pronotum.
Distribution: New Caledonia, New Guinea.
Included species: R. novacaledonica Lundblad (New
Caledonia), R. biroi Lundblad (New Guinea).
Comments: A synapomorphy for this group is the
short abdominal carinae in the winged form. In addi-
tion to the specxes above, we have seen an undescribed

speces of this group from
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undescribed species from New Guinea. Three other
described taxa also appear to belong here, but cannot
be conclusively placed because we lack winged speci-
mens for comparison; these are R. pidaxa Polhemus and
Herring from New Caledonia, plus R. hoogstraali Hun-
gerford and Matsuda and R. werneri Hungerford and
Matsuda, both from Mindanao. We may find it neces-
sary to further subdivide this group after our analysis
of the species from New Guinea and the Philippines is
completed.

6. The borneensis group.

Distinguishing characteristics: Fore wing with two
closed cells in basal third ( figs. 22, 94); pronotum short,

length along midline subequal to or shorter than the
A!\"‘E']l ‘A‘III"‘I’\

1Gtn ¢1 an Ty%, anil oneé naii to

length of the exposed metanotum; abdominal carinae

CXLCHUUIS io LIIC pUbLCI lUI mar glIl ()I dDuUIIllIldl [crguc
III or onto the base of tergite IV; males with modifica-

tions consisting of hair tufts or tumescences laterally to
either side of midline on abdominal sternite VII (but

absent in R. incognita) and a modified proctiger; male

naramarag ngnally hreansd and hanlkad dicealle. famalag

.. £
l.lal aiicivo uouauy vivau aiiu uuvuncu ulal.auy, 1cliialcy

broad and short, without significant modifications, and

with abdominai tergue VIII horizontai; both malies and
females of moderate size, leng h_ 3.0 - 3.5 mm.; colora-

110d 1€, 1CT 1. COL0T

tion blackish, with light dorsa l ma arkings esmcted toa
or hand

of an eve and ogne half ta one third the
wviie tllllu tll\r

short transverse anoo
DiilVI L L1 Aaiidyvylioe Ula ls\f

pronotum.

Auwn han
Uwil vaix

Distribution: Borneo, Java, Sumatra, Palawan.

Included species: R. borneensis n.sp. (Borneo),

melanopsis n.sp. (Borneo), R. incognita n.sp. (Borneo),
R. silau n.sp. (Borneo), R. simulata n.sp. (Borneo), R.
ranay n.sp. (Borneo), R. tawau n sp. (Borneo), R. Iua.

ubris Lundblad (]ava, Sumatra).

Comments: The synapomorphy for this group is the

fore wino venation with twa clacad calle an tha hacal
AUI L vwii YULIALIUILIL YVILLIL LYWU U1IUDLU LUILD VLl uiL vadsal

third. In addition to he species listed above, we have
an undescribed species from Palawan which belongs to

this group.
7. The orientalis group.

Distinguishing characters: Fore wing with 3 closed

rth tha O ~allg alangs tha cost ..I mar
qal iiar-

colle fav rarals,

L1 (V1 1a1 Ll)’ -I} Wwitnl tn€ & ccus alUllB lllb LU
gin reaching to the distal fourth of the wmg (fig. 26);
pronotum long, covering ail or nearly all of the meso-
notum; abdominal carinae not reaching further than
the posterior margin of abdominal tergite II; male
modifications slight, consisting of tufts of setae medial-
ly on the abdominal sternites, and occasionally depres-
sions lateraily on sternites VI and VII; male parameres

quite variable in form; females variable in shape, rang-
ing from broad and stout bodied species to those in
which the abdomen is narrowed or constricted distal-
ly, occasionally with bizarre modifications (such as in R.
aberrans); females with abdominal tergite VIII horizon-
tal to sharply downturned; both sexes of small to mod-
erate size, length 2.7 - 3.3 mm.; coloration generally
dark, with light dorsal markings restricted to a short
orange brown band anteriorly on the pronotum.

Distribution: Philippines, Celebes.

Included species: R. orientalis Lundblad (= R. min-
danaoensis Hungerford & Matsuda, new synonymy)
(Mindanao, Negros, Leyte), R. aberrans Andersen (Min-
danao); R. philippina Lundblad (Luzon); R. minuta
Lundblad (Luzon); R. celebensis n.sp. (Celebes).

Comments: The synapomorphy for this group is the
lUlC Wlllg VClldLlUll Wll.ll l,lll €c LlUbCU LCllb as UC&LI IUCU
above. In addition to the taxa listed above we have
another undescribed species from the Philippines
{Minrhnan Levte, and Luzon) which belon ngs to this

........... o, Leyte, and Luzon) which bel
group.
8. The bacanensis group.

"istinguishi g characteristics: Fore wing with 3 or 4
tal 2 formed on the distal half of the

ength, length
ho

wing (ﬁg 8) p ronotum of medium

alang midline 15 - 9 timeoc thae darcal lanot
aiong miduind 1.0 - 4 dimes inc Gorsd: 1&nglu

abdominal carinae extending to posterlor margin of ab-
dominal tergite I1I; males without significant modifica-
tions, male parameres narrow or broad basally, narrow

distally, without apical hook; females with connexiva

of an ave:
101 an <ye,

aithaor ctraig ni abhda al targitea VITI hari
eitner st alsut OF sinuate, adcaomina: ter gite Viii nori-

zontal to sharply downturned; both sexes of medium
size, length 3.1 - 3.4 mm.; coloration variable, ranging
from orange brown to dark brown.

Distribution: Northern Moluccas.

Included species: R. bacanensis n.sp. (Bacan, Halma-
hera, Morotai); R. obi n.sp. (Obi); R. sabela n.sp. (Bacan).

ialat A

Comments: This species group is very close to the
papuensis group, differing primarily by the relatively
short pronotum which covers only about half of the
mesonotum, a synapomorphy for the group. When ad-

Aitianal matarial 1o availahle fram Trian Tava eram
Giudiidr miawlrial IS avauaoil il iliail jaya, Ce ramni,

Buru and the other islands of the Moluccas it may show
that this is a subgroup of the latter.

Discussion: Matsuda (1956) established the subgenus
Neorhagovelia to hold all New World Rhagovelia having

a short nronotum that never rnmn]PtPiv covers the

SOt pronoium nal NCver Coipicicly covels Uc

mesonotum, (i.e., where the exposed part of the meso-
notum is at least 2/3 as long as the pronotum). The in-

J.T. Polhemus and D.A. Polhemus: Rhagovelia

rages 101-250
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cluded species he further characterized by “forewing
with apical cells more or less obliterated; one or two
apical cells always formed in the proximal half of the
wmg subcosta not exten_dm_g hevnnd the middle of the
wing. Distinct longltudmal carinae always occur on
second abdominal segment, more or less obliterated
and not reaching to intersegmental groove when they
occur on third segment.” To delineate subgenera and
groups Matsuda also used a few other characters that
we have not, including the shape of the pronotum in
macropters (monotonous in all Old World taxa), hind
leg segment ratios, and the nature of the seventh con-
nexival segment in winged females. We agree with Mat-
suda that the reduced venation of the wing is an
apomorphic state, but we disagree concerning the dor-
sal abdominal carinae. He maintained that the occur-
rence on fewer segments is plesiomorphic, but we
maintain the UIJHUBIL\. view. Andersen \1982} estab-
lished the ground plan for the Veliidae (see discussion
on p. 177) and noted the similarity of structures shared
by unspecialized pri ve members of diverse com-

ponents of the Gerromorpha including Ocellovelia
(Valiidaa) Macr avaliitdae and Veliamatra (Hudrametr

\ v Cialad), vialil OVvEeillGae, ana vewomeira \£ A]Ul Ul -

idae). All o th s€ possess similar abdommal carinae ex-
tending onto tergite IV, suggesting that long carinae
represent the p lesmmorphlc state.

Matsuda included two groups (of Bacon 1956) in

Neorhagovelia, the abrubta and angustibes groups but he

HLGOTENG, LIC QITUPLE QllC GRgUilpes v..r.., aul g

was only able to study a limited number of winged
forms in cach group. As far as we can determine from
examination of additional macropterous species of each
group, all species of the angustipes group settle comfor-
tably into the subgenus Neorhagovelia as he defined it,
but the abrupta group has members that do not con-

form Matauida stundied macraonters of onlv three cnacieg
AVL 111, lviawvuua otuul\,u iiiavi Ulll-\-l B UL Ulll] LiliL o JIJ\-LI\'O

of the latter group and they fit his subgeneric descrip-
tion, but we have studied macropters of three addition-
al species ( Rhagovelia lucida Gould, R. trepida Bacon and

R. secluda Drake & Maldonado) that do not conform.

Thaca hava tha cithrngta avtanding wall havand tha
11ES5C 1ave il Suncosia CXicniGing wlu ofyona und

proximal half of the wing, and the distal cell extending
onto the distal fourth of the wing, character states that
would exclude them, but the abdominal carinae extend
only to the posterior margin of tergite II or barely onto

teragite ITT which matchec his ¢
tergite 111, wiiCn matcnes nis concept. it thus appears

that the abrupta group should be divided and that the
u:i]gtu of the pronoium is useful but not definitive for
groups. This correlates with our analysis of Old World
groups wherein the relative length of the pronotum is
quite constant within a group but rarely defines it uni-
quely We have placed prlmary empha51s on wing vena-
nnnnnnnnnn 1 carinaoan alir o

P I3 PPN B | .
tion ana tne auuuuuucu Cariiac Our slu

but this at once creates a dllemm because macropters

ncent. It thuic annears

}J aucuy 013,
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are not available for all taxa. In spite of this problem we
have been able to establish above what we consider to
be monophyletic groups (except perhaps the papuensis
gr mm\ and have included some <nec1e< known nnlv
from the apterous form, thus predlctmg the nature of
macropters for certain species in which this morph is
not yet known. Within some of our groups (especially
the papuensis group) there are tightly knit regional or
altitudinal subgroups defined on the basis of one or
more of the following characters: shape of the first male
genital segment (fusiform vs. quadrate or subtrian-
gular), paramere shape, modifications of female ab-
dominal tergites or connexiva, degree of coverage of
mesonotum by the pronotum, nature of the light

colored anterior pronotal band or fasciae, and general
body coloration (black or dark hrnwn vs. orange

ha ot Onis on eCo 'I ......

l.llc SCU J.U 1D Ull CLU. Usy aud LUUBCUE‘IPII)

Hungerford and Matsuda (1961) placed several
Phihppme Rhagovelia (i.e., hoogstaali, minutissima, wer-
neri) in the thaemm anrhﬂo‘mm <n|e|v on the basis of

the short pronotum, but they did not have winged

snacimencs of thace enecies to check what we consider ta
specimens oI tnese speCies o CNneCk wnat we ConsiGer o

be the most important characters used by Matsuda

IIOEON T L P L SRSURYE I I

(1900) in Cbldullblllilg e bngCllub Uul gl ULIP d!lld)’blb
presented above, plus additional studies based on

thousands of specimens including almost all Old World
species, many of them winged, does not support the in-

SpeLits, 184 QL LACAALWEAEES, COLS 22088 oitiulicl

clu51on of any Old World species in Neorhagovelia at

annogangranh

in Z200gcograpny

agan afenme imnartan

lﬁ‘cacut, a matter o1 some Impor laice
as it establishes a Neotropical versus a transpacific dis-
tribution for the subgenus (see also Andersen 1982, p.

182). Unfortunately we too lack winged material of

hoogstaali or werneri, but for these species we have on

aother oragunds te
otner grounas tentatively piaced nese specdies 1

novacaledonica group that definitely includes species
from New Caledonia and New Guinea. We have placed
mmuhﬂzma in our VlTﬂ'{l}(lkPnSlS grour)

An unnamed group that contains only unde-

ntativaly nlaced theca enecies in th
n e

< 1ac hac cavaral renresentativec in
DP\,LI\-G i1as J\- yeiai l\-t‘l LoLiiiauivuey 111 v

d
d

New Guinea and another on Negros in the central

Philippines. This group, which probably deserves at

least subgeneric rank, is characterized by a very short

pronotum, relatively broad flat body, relatively long

middle tarci and nhaoretic hehavior reculting in distinet
GUGUIT Walsl, alllG palitul OCiiavill 1Tsuiuiiig i Gasulnl

sexual dimorphism in body size; the small males have
strongly curved fore legs fitted for grasping the females.

At first we thought this group should be placed in the
subgenus Neorhagovelia but we have since conciuded
that the similarities are due to convergence. Species of
this New Guinea group, the angustipes group of the New
Warld and 2 th a ad orgun from Madaosacear

vvOr1qa, ana anotner unnamea pilup 1 Oom AvAauasaa\.al

typified by R. diabolica Poisson skate on open midstream
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waters and have a very characteristic appearance as a
result, with short compact bodies, frosty gray colora-
tion, long middle legs, and a short pronotum. The lat-

ter is nrpcnmahly a conseguence of the increased

(5534 CSUIIably a (OISO queilc waC ikl casc

musculature of the mesothorax necessary to power the
middle rowing legs.

Zoogeography

Humnbhries and Parenti (10R88) reco
oUnpnries anG rarénit (1vsSvY, reéco,

phases of historical blogeography, narrative and ana-
lytical. The first involves the integration of historical
events, both geological and climatic, and various as-
sumptions regarding the dispersal or vicariance of
faunas to generate hypotheses that would explain

modern distribution patterns The second involves
cladistic analvsic of the oroun nuslved and -
\,lauuu_u. axlcu] o213 UL I.ll\. 5] Uut}b lll yuiveu allu \.Ulll

parison of the phylogenetic trees thus generated to the
phylogenies proposed for other groups or to proposed
earth hlsmrv models in a search for congruent bio-

geographxcal patterns. The two methods as such are not

tand ronracant tha d: n?,mn ends of 2
tCaa 1epir €scrit tnie qilierernt enas o1 a

aveligiva hast

CALLIUDdLIYVL Uul- ins
methodological continuum based on the degree of
knowiedge of a group’s distributions and relationships.

Schuh and Stonedahl (1986) presented a cladistic
biogeographical analysis using concordant cladograms

far varinng oronns af nhutanhaoniig ingecte in tho Inda
10T various groups O1 priyopnagous inscdis in uil inao-

Pacific region and urged abroader application of these
methods across other groups. Endier (1982), however,
has claimed to have shown by computer simulation and
statistical analysis that concordant cladograms can oniy
result from shared geographic patterns of selection on
characters and thus he asserts that they contain no in-
formation about shared biogeographical history. We
note that his work would also indicate, though, that if
seiection patterns and vicariance patterns are concor-
dant then they would generate concordant cladograms
that would give a relatively accurate indication of the
sequence of vicariance events. We believe that cladistic
analyses of individual groups may be quxte informative,
since Schuh and Polhemus (1980) have demonstrated
congruence between morphological, ecological and
biogeographical data sets for the hemipteran infraor-
der Leptopodomorpha. Endler’s simulations indicated
that if vicariance events were relatively recent then the
probability was high that a cladogram would accurate-
ly reflect their sequence, and since many water gaps in
the Malay Archipelago have appeared since the Plei-
sotocene it seems likely that cladistic analyses of in-
dividual groups can provide valuable biogeographical
data for this region in cases where vicariance has af-
fected distributions.

Plant and animal distributions in the Malay Ar-
chipelago are the result not only of vicariance, though,
but of a complex interplay of factors including disper-

QQ‘ over \AIQ'P" oans. mergers nf‘ nrpvlnnelv AIQPY‘P"P lanrl

A OVED Waill paps, 20 gtas O patiless)y Lastit it il

masses, and extinction. A synthenc method incorporat-
ing all these factors is thus required to gain any accurate
picture of historical biogeography in the region. Cladis-
tic biogeographers have tended to downplay the impor-
tance of rllsnprsal in narn(‘nlm' as a source of dlsmnrr

dlstrlbutlons, butin the Malay Archipelago it is obvious

that dienersal has nlaved 2 maior if naot almaost ev
tiadt GiSpersa: nas pidyCG a inqjor (i not aimost CX-

clusive) role in the colonization of many isolated vol-
canic islands. As a vivid example one need only look to
the carefully documented recolonization of Krakatau

following the devastating volcanic eruption of 1883
(Dammerman, 1948).

A complete cladlstic analysis of Rhagovelia on the

< 1ol

peaes level for the 1v1amy muupcmgu lelUu is many
years away, due in no small part to the large number of

species still awaiting description from the Philippines,

New Guinea. the Lesser Sundas, the Solomons. and
ANCW ulngeq, e A.8SsC8r Sundas, i 30i0IneIls, and

other zoogeographlcally important areas. Some of
lllcbtf UﬂﬂeSCI era taxa are li‘l‘lport&lll 1ﬁ i’egal u to out-
group comparisons, and until they are described and
in some cases cladistically analyzed themselves a cladis-
tic interpretation of the Rhagovelia fauna in the eastern

LUl HRCIPICIaliOnl O VAC ARGFOTent 1aul I3 1210 Casicliil

Malay Archipelago is premature. Thus an analytical ap-
P PN 1. tha hicensinal hingangranhe ~AC Dl. nnnnnn |

lJl vacli LU l.llc 11iStorical UlUsCUsldPll)’ O1 1u usuuvuu il
this region is precluded by the need for further work
at the alpha taxonomic level to establish whether the
putative outgroups are truly monophyletic (an under-
stated problem in many cladistic analyses). This does

noat mean hnnrovnr that a mpanln(’rﬁ\l rlmrnnmnn of the
net mean, Aoy ulat & I n oI g

zoogeography of the group is 1mpossxble, or must be
put Uu uuul some ulucuuuc puuu in Luc future. 1\4Luc1
it must be recognized that the zoogeographical treat-
ment below has been done at the narrative level, and

that manv of the scenarios nronosed are hvnotheses

tiial dliadiy U1 ual SLULQIUS pRiLpuUsc ail JPer

that are open to future testlng by analytlcal blogeo-

8T apuu,dl methods once sufficient 1y detailed taxonomic
information becomes available.

The genus Rhagovelia is diversely represented in
all the tropical regions of the world, and has penetrated
hward into the temperate zone of North America
but not Europe. The presently documented range in-
cludes North and South America, the Caribbean Is-
lands, Africa, Arabia, Turkey, Madagascar, Ceylon,
India, many Indian Ocean Islands (Mauritius, Rodri-
guez, Reunion, Comores, Seychelles), Japan, Southeast
Asia, Formosa, the Malay Archipelago, New Guinea,
Australia, the Solomon Islands, and New Caledonia.
Species are present on isolated island groups of both

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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continental and oceanic origin, including the Seychel-
les and the Mascarenes in the Indian Ocean and the
Ryukyus in the Pacific. This broad pattern of distribu-

tion indicates that the group has had a

fluenced by both vicariance and dispersal events. The
absence of the genus in temperate Eurasia and its evi-
dent penetration of North America from the south via
Mexico and Central America indicates that it original-
ly occupied Gondwanaland and reached the continents

that formerly constituted Laurasia only in the Tertiary

follawing the establichment of the Central American
icuowing n€ estadiasnment o1 in€ Leénira: American

land bridges and the collision of India and Africa with
southern Eurasia. Given this hypothesis, it is of interest
to understand how the diverse Rhagovelia fauna of the
eastern Malay Archipelago came to exist, considering

long hmrnry in-

rounding conunental regions

conoranhs " .mll ,
aly

Theories of island bleLUSLay 1y geéncrauny
sume that colonizing species arrive on islands from
source areas on adjacent continents (MacArthur and
Wilson, 1967), and we believe this to have been the case

with Rhagovelza in the eastern Malay Archipelago. The

sitniatiaon here is comnlicated thaunch hv the nrecsence
Jitual LAUAL 111V 1O LUlAlyllLaL\.u, Llluusl‘ U} il Pl oLy

f three potential continental source areas from which
Rhagovelia species could have entered the region: con-
tinental Asia, or the old Gondwanaland fragments of

Australia and New Caledonia. In addition, not all of the

colonized iclandc in auection are eanivalent cince Rar.
COi10nIZEAa 18:anas 1n question areé equivaient, since 5or-

neo was previously connected by land to continental
Southeast Asia via the exposed Sunda Shelfi

tocene, and New Guinea to Australia in a similar fashion
across the Torres Strait, while Celebes and the Moluc-

can islands have znnarentlv lacked any land connec-

tions to either As1a or Australia New Guinea

CII 111 UlC I’ll‘.'lb‘

Tha Rhaoouelia fanina of continental econtheact Acia
i ll\, Jubwsvucw/u iauiia vi \-Ulll-lll\'lltul ouu AL Q 401

is presently composed of species belongmg to the sara-
wakensis and sumairensis groups, dﬂ(l is remarkable for
its relatively low number of species and their lack of
striking morphological differentiation. The sarawaken-

cie oronn is almacet certainly of Acian aricin. nossibly
Sw gIUUP 15 diiliUst (Cluailiiy Ul £3Sidil Uligiil, pUSSIvLy

derived from ancestors introduced on drifting India.
This group, composed of many very similar species, has
radiated eastward through Sumatra and Java and into
southern Borneo. The monotypic sumatrensis group is

. .
also of Asian origin and has a distr

similar to the sarawakensis group except that it has
spread farther beyond the present Asian continent,
being nearly ubiquitous from India to China and ex-
tending along the southern volcanic arc of the Malay
Archipelago as far as Flores in the Lesser Sundas.
Sumatra also harbors the mgm group, which 1s ap-
parenily endemic to tha nd an not radiate

beyond it.

rihuition nattern
wuuon pattern
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Continental southeast Asia has thus contributed
very little to the diverse array of Rhagovelia species

groups found on Borneo and in the islands farther to
the east. The Rhnamm/m fauna of the eastern Malav Ar-

nc casl, 11C iy CUeLG 1aliila QL LAc Casiciid Mialay s

chipelago appears instead to have radiated northward
and westward from New Guinea, and to be derived
from lineages that originally inhabited either Australia
or New Caledonia and which are lacking on continen-
tal Asia and along the outer Banda Arc.

Australia presently has but a smgle species of

Rhaonnolin R auctralira Wirkaldv aeccuirrineg in the rain
SNAZOVERG, L. QUSITARCA K1Y x\u.Au], U\,\,unnuns in e rain

forests of Queensland. This species is a member of the
relatively primitive papuensis group, which has its closest
relatives in the Southern Hemisphere on the Gond-

wanaland fragments of Africa, India, and Madagascar.
Australia lay between 30° and 60° south of the equator

n the Cretaceous, and has only entered the tropics in

tha Tartiarv ac tha N oacgive rthward drifr
tnc 1fruary as e resuit of progressive nor! thwara ariit

after separating from Antarctica approximately 55 mil-
lion years ago (Barron et al., 1981). When east Gond-
wanaland was still intact the bulk of the continent thus

lay in latitudes too cold to permit the survival of the

warm adanted Rhacnuslin eneciec evecent nerhanc in
wallll dAGdpiCO fndgolcnt SPLlics CALCpL pliiiaps i

pockets along its very northern margin (no Rhagovelia
species presently occurs more than 35° south of the
equator), even supposing a milder climate in the Creta-

ceous than presently exists in these latitudes. It there-

fare seeme unlikelv in licht of hath aenlacical hictarv
10T S5CCINS UILURCLY, 1 agiiv O 00ul glilgilal 11501y

and the present impoverished Rhagovelia fauna, that
Australia Oi‘igiﬁauy harbored a more diverse array of
Rhagovelia species when it was part of Gondwanaland
than it does today. Instead, we hypothesize that the
single species presently on the continent either sur-
vived in warm refugia in the north or dispersed there

from New Guinea. The shallow Torres Strait senarat-
irgm INEW uinea. 1€ sna cpa

mg New Guinea from Australia was above sea level in
the Pleistocene, and rumguveuu could have entered New
Guinea from Australia at this time, or vice versa. This
land bridge, however, was characterized by a dry savan-

nah environment (Nix and Kalma 1079\ that is verv

flail CAavirOuinCilv ihvia anQ Laaiilig, wilal 1S VeI

atypical habitat for Rhago-uelza spec1es in present day
Australasia. In duuiuuu, if nluig(‘li}eu,u first entered New
Guinea via this route in the Pleistocene, then the

tremendous differentiation of groups and species now

seen on the icland must have occurred in 2 remarkahb-
seen on the isiand must have occurred 1n a remarkab

ly short period of time. Alternatively, Rhagovelia could
have dispersed at some earlier time between northern
Australia and islands that previously existed to the
north along the edge of the subducting Pacific plate and
were later incorporated into New Guinea. In either
case, we hypothesize that some portion of the Australian
............. el n onnaa

LUllLlllCllL lb luuccu i€ SOUIcCe arca flUlu Whl\,h Lhc
plesiomorphic papuensis lineage colonized New Guinea,
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and subsequently the Philippines and the eastern Malay
Archipelago.

New Caledonia, though much smaller than
Australia, contains three Rhagovelia species; two are

Australia, contains three Rhagovelia species
described, R. novacaedonica Lundblad and R. pzdaxa Pol-
hemus and Herring, and one is undescribed. These
species belong to the novacaledonica group, which has

other members occurring in New Guinea and perhaps
in the southern Philipnines (see nrevious group analv-

L SORACTIY AP PRRES 8L e yaous allaly

sis). Geological and phytogeographxcal evxdence mdl-

ot thaot Naw (Calad in tad
cates tnat (New LaieGonia was connectea to eastern

Australia as part of the Gonldwana continent in the early
Cretaceous, at which time it lay near latitude 35° S
(Raven and Axelrod, 1972). New Caledonia was ap-

parently separated from Australia in the late Creta-
ceous, and like that continent has drifted ctPnrh]v

northward into progressively warmer chmatlc zones,

but duc lU ILB IIiore llUthcll)’ PUBILIUII ll- haa hﬂd a
milder climate than Australia throughout most of its
history. Typically Asian elements of the New Guinea
flora and fauna have dispersed down the Solomon and

New Hebrides island chams to New Caledonia (Gres-

itt 10Q9Y and 3¢ 1 onakble ¢ m
sity, 1964), anG it 1s réasonan:e to assume that similar

dispersals of Gondwana taxa could have operated in the
opposite direction. We have no records of Rhagovelia
from the New Hebrides, where collecting has been

scant, but in the Solomons the genus is represented by

Al ies. and we h
several species, and we hypothesize that New Caledonia

is the source area from which Rhagovelia species of the
novacaledonica group reached New Guinea, isiand hop-
ping northwestward along the intervening archipel-
agos.
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uLs Al viilia “u Al Qa. aivc Uus viu
Gondwana fragments from which hagovelia coul
nave COlOanCG New Uul[l(‘.'d d[l(l [llC resi UI LIlC easiern
archipelago, and it is likely that both have acted as con-

tinental source areas harboring remnants of the old
Gondwana Rhaoovelin fauna. Althou trh the Solomon

COoNGwalla N[AGLOUCNE 1allla. Allld QOI12012

and New Hebrides archipelagos are both of Miocene
e P e 14 L hova nravs idad o natantial dicnar
ds ana wouia Lllub 11avce Pl OvViaca a PULCIILIGI uisper-
sal corridor northward from New Caledonia long
before the exposure of the Torres Strait in the Pleis-
tocene, it is the papuensis group of apparently Australian
origin that has diversified most greatly on New Guinea

nlac

1€rOuUSs Otner SPECICs COmpicx

rige o UMerous o haron
+ I +

and given TiS€ 10 niu
curring on that island and beyond.

A tremendous late Tertiary radiation of species
and groups has occurred among New Guinea Rhago-
velia, similar to that seen among other aquatic insects
including the heteropteran family Naucoridae and the
mayfly family Baetidae. The entire Rhagovelm fauna of
New Guinea is endemic, and must have originated
primarily since the Oligocene, before which the portion

€S OC-

of the Australian continental shelf comprising the is-
land was subsea. An older Tertiary island arc including
portions of what is now the Bismarck Archipelago ex-

tended in a roughly east-west direction along the edo‘e

of the subductmg Pac1ﬁc plate ahead of advancmg New
Guinea when the main body of that island was still sub-
merged, and portions of this arc have been incor-
porated into the north coast of the modern island. This
arc would correspond to the “outer arc” concept of Hol-

Quic colicspli 1o 1ic uicr aic COnecc

loway (1984), and may formerly have been continuous
I'n;fl'\ tha Caolamaons and New Hehrides (Hamilton

vith the Solomons and New Hebrides (Hamilton,
1979); if so it is possible that Rhagovelia species, most
likely of the novacaledonica group, could have been dis-
tributed along its length and thus introduced into
northern New Guinea when the two collided. The few
members of the novacaledonica group in New Guinea

are presently known only from the north coast ranges

nd tha D D, 1 d
ana ine 1apuaﬂ Peninsul 4, a distribution consis

with this scenario. By contrast, the papuensis group and
other species groups derived from it have radiated ex-
tensively in the younger and more rugged central ran-
ges, and thus the evolution of the large number of

island today must still be in-

species and groups on the

terpreted as a very recent event linked the rise of
these mountain chains. We hypothesize that dispersal
of members of the papuensis group westward from this

rich area of endemlsm has been the basxs for the diverse

array of species now seen in the Mcluccas, Celebes, and

Borneo; this hypothesis also accounts for the progres-
sive decline in the number of species of this group as
one approaches Asia. The route of faunal migration
seems to have occurred through the central Moluccas

(Ceram, Buru), since members of the papuensis group

occur m this region on the 1sland of Ambon but are ab-
________________
1slands. The suggestion by certain authors that north-
western New Guinea contains terranes derived from
the Lesser Sundas is not supported by Rhaaowlm dis-

tributions, since the species groups present in the two

regions are completely different.

The Phlhppmes also contain a rich Rhagovelia
fauna including representatives of the papuensis and
orientalis groups, and perhaps of the novacaledonica
group as well. There has been much speciation within

the Philippine archipelago, with particular areas of en-

demism in the mountains of northern Luzon and in the
region surrounding Mt. Apo on Mindanao. The orien-
talis group seems to have arisen within the Philippine
region, while the remainder of the Philippine taxa are
closely allied to species occurring on New Guinea. The
Philippines and New Guinea also share strong similar-
ities in other elements of their aquatic insect biotas (Pol-
hemus and Polhemus, 1987), indicating that a greater

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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degree of faunal interchange has occurred between
these two areas than between both of them and the
remainder of the archipelago. A geological explanation
that would account for such interchanges on the basis
of vicariance via tectonic mechanisms is not evident.
Considerable evidence, however, indicates that
portions of Celebes and the Moluccas contain crystal-
line rocks representing continental fragments that have
been transported westward from New Guinea along the
left-lateral Sorong Fault (Hamilton, 1979). These in-

clude nnrnnnc of Ambon, Ceram, Buru, the Sula Ar-

chlpelago, and possibly Bacan and Obi, as well as the
tip of the Banggai Peninsula on Celebes and its as-
sociated islands. Such a geological hypothesis would be
compatible with the present distributions of Rhagovelia
species in the region. Celebes is a geological composite
o o 57 "% or ’

with its western portion rifted from Borneo, its eastern
£~ ad ~F kA et ala and coacetoo oo |

aris 1orimea o1 auuuuu.luu lucuxusc aliu WCSLWdlu
drifting continental fragments, and its northern arm
comprising a recently attached portion of the Sangihe
volcanic arc. The basement rocks of eastern Borneo and

western Celebes are similar, and the Makassar Strait ap-

nears to have onened via riftino of western Celeheg
pears t¢ nave ¢opened via ritling o western LUeienes

from Borneo in the middle Tertiary The portion of
Celebes that was detached from Borneo at this |.uuc,
however, was subsea, as evidenced by thick limestone
beds of late Eocene to early Miocene age presently ex-

nncPd in the southwestern arm, thus it is nnhke]v that

oscc OULNIWESICIII Al tI1US 1T 153 UINIIRCL Lfat

this rlftmg represented a vicariance event that would
hova incarnarated Bornean tawa intag the faninae of
11ave lll\,Ull.lUldl-Lu DOriican taXa inito I-llb iauiia GOi1
Celebes. We consnder it more likely that Bornean
groups on Celebes and groups of Papuan origin on
Borneo attained their present distributions by disper-

sal in either direction across the relauvely narrow

Aocacear Qtrait aftor ite at1
dviavladsdoai vuiailc ﬂll—\-l lLD lUl lllal—l\lll.

Borneo is an enormous island that is still quite
poorly surveyed biologically, and we anticipate that
many more species of Rhagovelia will be discovered
there, thus any discussion of its zoogeographical rela-

is based on admittedlv limited information
15 0asCG Off aGiuCGry G HuOriiauoil.

.

tionching
tonsnips

Paleomagnetic data indicate that the island has oc-
(,Upl(‘.'(l an equawual pOSlUOIl IOI at lCdbL OU IIlllllUIl
years (Haile et al., 1977), and the Cretaceous granites
of its southwestern portion appear to be correlative with
those of Indochina, indicating that it has had a

L105C O 211Q0CA111g, 111QL Calillp et it iias 2a

ly similar relatlonshlp to the present Asian ontment

Allaceiane A Davnans her s ...nnl..,\.-
Uy UUIsCives

rnno‘h-

..... thic tienn

OVEr tnis |.u ic "p aii. CUuCL,uuua Oi1 DOTIICo
and others have been mainly centered in the former
British colonies of Sarawak and Sabah, though in 1985
we also made several collections in East Kalimantan in
the Mahakam River basin.
Tha LA DL Py A oEgy ~F Q. ol Ansmoriote
lllc KIIOWIi lumguucuu iduiia O1 varawak COiisists

entirely of species belonging to the sarawakensis group,

j T. Polhemus and D.A. Polhemus: Rhagovelia
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which appears to have undergone a secondary radia-
tion in this region. The presence of one member of this
group, R. sondaica, in both Sarawak and the Malay
Peninsula strongly suggests an old Sundaland distribu-
tion which was fragmented by the post-Pleistocene
flooding of the Asian continental shelf. This same dis-
tribution pattern is seen in the gerrids Ventidius malayen-
sis Hungerford and Matsuda and Esakia johorensis
Cheng and in many species of birds and mammals, so
its existence among Bornean Rhagovelia species is not
In contrast to this is the monophyletic com-

COINLIASL 1O UIIS IS 1yetic COI

cnrnrl no
i S«

plex of species in the borneensis group centered around
Mt. Kinabalu in the north of the island, a granite pluton
rising to 4102 m. (13455 ft.) and uplifted only in early
Pleistocene time. The borneensis group appears to have
arisen on Borneo, and has established nnly a few nnr]v-

2 1 DOINCO, a11C

Afelinl Lod DI Aalond Ancant: e
O1 Wiiidlii iaG 1 lClBl—ULCllC 1aiia COnneciiocins

D1 a1
1aiawall, qai

ing species on the nearby islands of Java, Sumatra, and
1
:s

with Borneo. Members of the papuensis group are also
present on Borneo, but the number of species is small
in comparison to Celebes or New Guinea. The papuen-

sis group is absent in Java, Sumatra, the Lesser Sundas

andi
38101

alav Peninsula and Indochin

o a
1T Hidiay rCiiliisiiia aniQQ suoliiils,

1t
its embers reached Borneo from the east, either from
\ PO D . ehha Qusle: Al | PN
UdlldU Vld. Uic oSuiu Ardriil CldBU vl Oill LCICOCES

P
across the Makassar Strait. A Philippine connection
seems particularly likely for R. kawakamii which oc-
1tion
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annears that
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rnmeq an mrerperma distribut n the islands of Bor-

ormosa that form the
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In contrast to Borneo, Celebes supports a Rhago-

velia fauna composed primarily of species in the papuen-
sis group, and lacking any members of the horneensis
group. The island’s odd shape, with four converging

ulac oducing cegoranhical haottleneckes cou-
peninsuias k.lluuu\,xxls geograpnica: bottienecks, cou-

pled with the existence of numerous rugged ranges that
Iorm montane lbldrlab, has IOb[CICu [IIC pcrbls[enee OI
distinct species in various parts of the island. At present
we know R. minahasa, R. unica, and R. grayi only from

the northern Minahaca neninsula R lorelinduana and
il 10 uiliil Miiaiiasa y\.&‘lllaulu . WOTCHTGWGTG aiiQG

R. hamdjahi only from the Lore Lindu reglon in the cen-
ter of the island, and R. sulawesiana and R. ﬁi‘umm y‘
from the south Peninsula near Ujung Pandang. Two
other species on Celebes have broader distributions, R.
celebensis being found both in Mina h asa and Lore Lindu

goeblreaty DLl 1R ot At 2l L e e LA L]

regions and R. wallacei occurring in all the areas of the

saland on forv camnlad Tha lattar anecies accirs over 2
181a1Qa SO iar sampica. inc iatier species occurs over a

wide altitudinal range (figs. 11, 12), suggesting coloniza-
tion of most of the mountain ranges on the island by
dispersal across intervening areas of low terrain. We
have seen no collections from the eastern Banggai and

Wanda
JANSIBL0E

agtarn w‘m
CaswCril 111l

1t voanld on

i maninanlas kW stmata thae ¢ vt
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support endemic Rhagovelia species.
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All of the Rhagovelia species on Celebes are mem-
bers of the papuensis group with the exceptions of R.
celebensis and R. samarmda The former spec1es is a
member of the orie s group, and the nnlv cne(‘les in
that group known to occur outside the Phlhppmes. The
mayfly fauna of the northern Minahasa peninsula of
Celebes shows affinities to that of Mindanao (G. F. Ed-
munds, pers. comm.), containing species of Platybaetis
and the Jubabaetis complex, and it seems likely that

these mayflies and the ancestor of R. celebensis entered
the island via disp

1
Ll 15iaiilli vVia Ui

ercal alano the Sanaoithe Archinelaoco
€rsai aiong i€ sanginé Arcnipeiago,

a still active volcanic arc of Miocene age. The islands
comprising the Sangihe Archipelago are presently
quite small, but bathymetric maps indicate that they oc-

cupy an extensive and shallow submarme platform so

that durino the lawarad cea lavels of the Plaictacene thig
tnat guring tn€ :Owerea sea :evess o1 tne Pleistccene this

arc would have consisted of several large islands
separated by narrow water gaps, providing a series of
stepping stones between southern Mindanao and the
tip of the Minahasa Peninsula.

R. samarinda, a member of the

[y
TIVRGG, @ 1IACIIIDCY O uUuLC TEWARENSL §

is known from Celebes on the bas's of a single winged
female collected by us at high clevation in the Lore
Lindu region. This same location in the central part of
the island also yielded the only specimens of the typi-
cally Bornean gerrid genus Metrocoris taken on Celebes.

These distribution patterns suggest that central Celebes

hag had a oreater deocree of faninal interchance with
11ad 1i1au a 51\,“[-\,1 u\.sxb\. Vi iauiias llll.\,l\.llﬂlls\, Yviuii

Borneo in comparison to some of the more isolated
peninsulas such as Minahasa, thus lending support to
the hypothesis of a composite geological origin for
Celebes If populations of R. samarinda have become es-

in central Calabhoe than thay annea ot to
Lol ar \J\'l\,u\,s’ Lll\,ll Lll\,r ai.ll.l\-al llUl. w

have dispersed within the island, since we did not dis-
cover this species or any other member of the sarawaken-
sis group on the northern or southwestern peninsulas.
The presently known distribution of R. samarinda could

ho oexnlainad an the hasic of 2 vicariance nattern involy.
e LAylaLLLLu Uil L1I1ILU UAJIO Vi A4 vivaliiaiive Pul-l-\,l AL RLAVULY

ing western Celebes and eastern Borneo, but given its
limited distribution and lack of differentiation we
believe it more likely that it has arrived in Celebes rela-
tively recently by dispersal across the Makassar Strait.
With the possible exception of Bacan, all of the
northern Moluccan islands appear to be of Tertiary age

and nrimarily valeanic in oricin Racan and Obi mav
ana primariuy vo:fanic in Origin. sadan anag ol may

contain portions of an older Tertiary volcanic arc, or be
continental fragments broken from New Guinea, as
noted above. Bacan, though small in size, contains a
richer Rhagovelia fauna than any of the surrounding is-
lands, thus supporting the hypothesis that it may be of
greater age or separate geological origin. A vicariance
hypothesis could thus be invoked to account for the
origin of Rhagovelia species on Bacan and Obi, but Hal-

mahera and its associated islands have had no other
land connections and must have received their faunas
via dispersal. All of the Rhagovelia species known from
the region are members of the endemic bacanensis
group, an isolated offshoot of the papuensis group most
closely allied to taxa occurring on the central Moluccas,
Celebes and New Guinea. This pattern of relationship
suggests that the group originated from a single found-
ing species, followed by subsequent radiative specia-
tion. The entire stream insect fauna of the northern

Maoliuceas is imnaverished and disharmonic bv com-
Mgiuccas 1s mmpoverisned ang gisnarmonic by com

parison with surrounding areas such as Celebes, New
Guinea, and the Philippines, further indicating that
most of the taxa present are the result of dispersal over
water gaps.

5 vel
chlpelagos,
nus occurs on all these
up closely re-
mezkdelyz and R.

DU[ we are LUIlIl(.lCIll nat }le g
islands. Two species of the papuensis gro
lated to taxa occurring on Celebes,

the island of Ambon, which

in the Pleistocene. Ceram
e ridoe of the Randa Are
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ambonensis, are known from

was continguous with Ceram

and Rizvas Lo an tha antar ar,

aliu vulilu ucv vn LLIL vuLLlL ax \'
and are geologically complex, incorporating subduc-
tion melange and possibly crystalline continental frag-
ments from New Guinea. Both islands have areas of
high relief over 2500 meters, and thus likely support

altitudinally zoned Rhacovelia assemblaces similar to
aiitudinany zZonea fnagovenda assemoiages simuar

those seen on Celebes and Bacan. Knowledge of the
SPCLICS preben[ in the oum d.ll(.l anggax lbl&flu gi’oupa,
especially on the large and mountainous islands of

Taliabu and Peleng, would be especially valuable, since

theoce islands
tnese i1s:anGs are composea of raid

apparently correlative to those of similar age in the
Vogelkop region of New Guinea. We believe that these
central Moluccan islands represent the route by which
Rhagovelia species of the papuensis group reached

Celahec from New G ea. either thronch tectonic raft-

nin
LEICOLS IFOII ANCTW SUlliCa, Cluall LUl Dugii welibiit faww

ing or via dlspers al across island steppmg stones, but
el o Lo P gin tha namsi e

without further collectin g i the u:sxuu this h‘yput esi
cannot be confirmed.
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Zoogeographical summary:

Three source regions are hypothesized to have con-
ibuted to the Rhaoovelia fauna of the eastern Ma]zv

Archipelago: contmental Southeast Asia, Austraha,
armd Nas: Molad o nia Tha DRLhasnviolin forina ~F ¢tha
daiilu INCWw uailCuuill LllC ILIMSUUULM iauliia Ul e
region is thus a comp051te of lineages derived from
various sources, which have arrived via differing

routes.

g ~;

2. The sarawakensis group is of Asian derivation, and ex-
hibits a predominantly Sundaland distribution, oc-

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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curring on the the Asian continent, the Greater
Sunda islands, and Palawan, with one extralimital
species on Celebes. Particularly strong relationships
are seen between snemps in Sarawak and in the lower

Malay Peninsula.

3. The sumatrensis group contains one widespread
qnerlm which occurs on continental Asia and alnng

the outer volcanic a Flores but has not

nenetrated anv of

priituaicy aily U otne inelaocgo

he archipelago.
4. The onentalzs group is centered in Philippines,
with one species having reached Celebes, probably

ispex oal a}ons the SullsAh\, Ar \.Adpelagc

5. The novacaledonica group occurs in New Caledonia
and New Guinea, with other possible members in the
Solomons and southern Philippines. This group is
hypothesized to have originated on New Caledonia,
and to have subsequently dispersed northward along
the intervening island arcs to New Guinea. We
propose New Caledonia as a generally overlooked
reservoir of tropical Gondwanaland taxa that have
contributed southern elements to the present biota
of New Guinea.

6. The papuenszls group occursin Australia, New Guinea,
the ruluppu‘lés, the ceniral muruccas, Celebes and
Borneo, reaching its western limit on the latter island.
Its ancestral species are hypothesized to have reached

New Guinea from Australia, and to have subse-

quently radiated northward into the Philippines and
westward through the central Moluccas to Celebes
and Borneo.

7. The bacanensis group is endemic to the north Moluc-
cas, and is uyputhé‘:SiZéd to be the result of a mono-
phyletic radiation from a single member of the
papuensis group which reached the region from New
Guinea or Celebes.

Ecology

Collectors frequently observe repeated patterns
in nature that they consider to be important in the or-
ganization of animal communities but for which they
lack the time or resources to gather supportive numeri-
cal data. Because of this the insights gained by sys-
tematists who work closely in the field with live
organisms often go unpublished and are thus lost to
workers in ecology. With this in mind we present below
various observations on Rhagovelia ecology in Southeast
Asia, noted in the course of work along dozens of
streams. In certain cases these include speculations,
which are not intended to be construed as established
facts but rather as hypotheses to be tested by future
workers. Although we lack extensive data tables to sup-

J.T. Polhemus and D.A. Polhemus: Rhagouvelia

o, 101 _oan
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port some of our observations, we believe that the pat-
terns themselves are widespread and important, and
will be verified by subsequent research.

Rhagovelia species are among the most common-
ly encountered surface dwelling Hemlptera inhabiting
the swift rocky streams of the Malay Archipelago. The
numerous islands of this region, and their high relief
and rugged topography, have fostered the develop-
ment of numerous allopatric species. On any particular
stream, though, there are likely to be several species oc-
1 sympatry, and different streams in the same
region may often support different species assem-
blages. Species thus appear to partition habitats within
and between streams based on differing ecological pre-
ferences and modes of behavior. Many of these patterns
of community organization are similar to those noted

by Hynes (1948) among Rhagovelia species on the West
Indian islands of Trinidad and Tn]'\an-n

11Glail isiaix

curring in
(=T

One of the most obvious modes of habitat par-
titioning exhibited by Rhagovelia in Southeast Asia is
segregation of species by elevation. Figure 10 illustrates

this pattern for the simple case of the two species
nresent on Racan’s Mt. Sabela, R. bacanensis and R

piistiin Uik 2alaii s Sk aDCia, N, QQLETETISE allQ It.

sabela. Only R. bacanensis is found in lowland habitats

Lo rntnre +h i o frangitinn

ITOIIl S€a ICVCI UP LU GJU 111ICLC1 S, Lllell 11 a uaumuuu
zone from 250 to 400 meters both species are present,
and in montane environments above 400 meters only
R. sabela occurs.

On a larger island such as Celebes, which supports

mare diverse Rhaoouvelia fau imi m
a more diverse Rhagovelia fauna, a similar but more

complicated pattern is seen (figs. 11, 12). Data from the
Minahasa region, near the tip of the northern penin-
sula, and from the Lore Lindu National Park, near the
center of the island, show three rough altitudinal zones,

each usua!l" nrrnpupﬂ bv distinct cppmpe Althnncrh the

species composmon of the fauna changes somewhat be-

iween I.Il('.' lVllIld.lld.bd dllu LUIC Lllluu lelUllB, l.llC uaau,
patterns are similar. In both regions R. celebensis is the

only species occuring in lowland streams near sea level,
and ranges as hich as 700 meters in the Lore Lindu

allG Ianges as digii as /uUv giels il e ol 2%

region, though we did not record it above 250 meters

. PP S

in Minahasa. At auguuy’ luguu elevations one finds R.
wallacei, which shows a very similar altitudinal distribu-

tion in both regions, occurring between 200 and 1000
meters. Above 900 meters a comnpletelv different set of

1CCI s, S0V ouv IMCLCTS a COIMPICiel)y Gt s of

spec1es is encountered, and unlike those at lower eleva-
tions these seem to be endemic to each region, with R.
minahasa and R. grayi occurring at high elevations in
Minahasa, and R. lorelinduana and R. hamdjahi occupy-
ing the same altitudinal niche in Lore Lindu. This pat-
tern of endemism, with widespread species in marginal

lowland habitats and regionally endemic species in the

interior mountains has also been noted in New Guinea
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for ants (Wilson, 1959) and carabid beetles (Darlington,
1971).

A similar pattern of altitudinal segregation is also
seen on Mt. Kinabalu in northern Borneo, which sup-

11 VAL, Alliaaill il ii1 DO, i1i011 SU

ports a tightly related group of apparently endemic
species (fig. 13). On Kinabalu there is a zone of great
diversity between 300 and 600 meters, and as on
Celebes there are several species restricted to elevations
above 900 meters. R. borneensis is presently known from

the mountain only at elevations of 1500 meters or

hicher makinait the hichest rancing Rhaoonelin snecies
aigney, maxking it iné augnest lullsllAs nnagovea SpEils

in the Malay Archipelago region outside New Guinea,
where we have taken species as high as 2800 meters.
Veliidae as a whole appear to have good tolerance to
cold water temperatures, and are the highest ranging

aq"atlr‘ or eemlaqnnhr ”Pmlprpra n rhp Auan trnpu‘c

Andersen (pers. comm.) has commented to us that the
ueveropmem of mountain habitats appears to be a
major driving force in the speciation and diversification

of Rhagovelia, and the present observations would sup-
?Qrf this hvnothesi

1L LS A3y rvtlnvuAu

Another 1nteresting observation is that Rhagovelia
pr(_le OCCUI’i’ii‘lg at [llgIlCI ClClelUIlb [Cilu to DC prc-
dominantly orange in coloration. We have no substan-
tiated explanation for this phenemenon, but speculate

that it mav he a case of cruntic coloration. Streams and
wiide v Iay 0C q {asc O CIYpuUl CO:0TauCnl. Surdamnls and

streamlets at high altitudes tend to be shallow and clear,
and the tropncat soils of Asia are Lréunﬁtly reddish or
orange brown in color. Black insects on the surface of
a streamlet flowing over an orange bed are thus readi-
ly apparent when observed from above, while orange
individuals are quite well concealed. In certain cases

arance Rha olin o early invisible suich
unaus\, ‘umsuucuu DPLLI\.D are llball)‘ INvVisio:i€ on sucin

streams when the motion of their swimming is masked
by riffles, and can only be seen by observation at an obli-
que angle which produces glare on the water surface
and reveals the position of the insects. At lower eleva-

tinng streams bhacome nrocressively deeaner and thine
LIVILID JuiuvaAllid ULlwvilio })l Vsl ook yv \11’ u\.\,l.l\,l Ail\ uiiud

darker, and here one finds that dark Rhagovelia species
predominate. In both Asia and the remainder of the
world, Rhagovelia species such as those of the orientalis
group which occur on the unshaded waters of large
rivers have a distinctive frosty gray coloration reminis-
cent of that seen in many marine Gerromorpha, and it
appears that this may be linked to their ability to toler-
ate exposure to direct sunlight. We would also note that
orange coloration in upland species does not appear to
be a character linked to phylogeny, since it occurs in
high altitude members of several different species
groups, including the papuensis and bacanensis groups
in Asia and several others in Madagascar, Africa and the
Neotropics. It may also be a neotenic character retained

into the adult stage, since many species, including those
which are dark as adults, have orange immature stages.
Hynes (1948) speculated that the character of the

etream ]’\thfﬁf (‘f\]l]fl ]’\9"79 an |nﬂnpnr‘p on f"lP QI"‘I-

suiaiil lauilay Uil idla @il N0l O Ul a:iuw

tudinal range of Rhagovelia, and that species typically
found in rocky hill streams at intermediate elevations
could be taken clear down to sea level where such
streams flowed directly into the sea. Our experience in
the Malay Archipelago supports this observation; rocky

coastal streams of this type are so common in this region

where cteen maountaing freaguently draon sharnlv to the
WI1ICIT SCCP Ul 1tains ir C{uliiuy GIiUp Sidipiy U uid

sea that any species taken at 200 meters or below can
be assumed to occur on down to sea level. We have not
discovered any particular species or species group
specifically adapted to large, slow lowland rivers, even

rhnno'h such rivers are numerous in Borneo, and in fact

streams of this type in Southeast Asia as a whole are
notable for their absence of Rhagovmu apcuca n'y'nes
also speculated that the upper altitudinal limits of

species ranges were determined by temperature gradi-

we QIC{\ Qllp?ﬂ?‘f ah’hnnn’h ]I]{P ”‘IhPC

1L, QiliOu g R0 12YNCS

ents. a contention

115, a LUC1aulia Wo ais Su

base our conclusions on field experlence unsubstan-
tiated Dy any expt:rlrnental data. Above S00 meters in
particular streams diminish in size and are heavily

shaded by montane forest and this, combined with cool

air temneratures and a freauent avercast of clouds and
all WMpEratures ang a ircquciit overdast 1 GouGs and

mist that further reduce insolation, leads to markedly

W1thm any given stream Rhagovelia species will
also segregate according to preferred microhabitats,
with members of different species groups showing pre-
dictable preferences for various parts of the stream.

oroup prefer open, unshaded
“p

naciag
Pt eier Uplii, ulisiiaulll

Species of the orientalis gro
water where they actively skate against the current and
often form into large aggregations. By conirast, species
of most other species groups prefer shaded situations
amid streamside rocks, and tend to stroke and glide

across small nanle rather than encacine in continuous
alrGSS Silldn POOLS I'auill ulail Ciigagiiag i LUNULUOUS

rowing motion. Their favorite habitats are small pock-
ets formed where water flows among cobbles, creating
tiny interconnected pools, or on slow water beneath
overhanging vegetation, but in all cases there must be
some degree of current, no matter how slight. The large
orange species of the papuensis group tend to aggregate
in dark cavities beneath logs or overhanging rocks, and
surprising numbers may often be extracted from a
single spot by diligent and repeated scoops of the net.
In this regard their behavior resembles that of the
larger (body size) veliid genus Angilia, also found the
the Asian tropics, and the Neotropical Paravelia. Like
the latter, their behavior and negative phototactic

response strongly suggest a nocturnai habit.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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Intraspecific habitat partitioning between sexes
also seems to occur, since we have observed that males
of some species favor swiftly flowing midstream sections
while the females are zcrareoared in nmerer areas near

the shore. To test this hypothesns we took two large and
approximately equal sized samples of R. celebensis from
midstream and near shore locations in the Tumpah
River of northern Celebes. The specimens were later
sexed in the lab, and the results were striking; males

comprised 97.0 percent of the midstream sample but

only 22.6 nercent of the near shore sample. Althouch
Ollry 44.0 pPCrcciit O1 i ncar snore saimpiC. Atnougn

this analysis was based on only two unreplicated

samples, we feel confident that a set of replicates would

produce similar, statistically significant results.
Observations on males of R. celebensis swimming

lr]etrpam on thp Tnmr\ah Dlvpr chnnrpr] that rhpv
1pan XIvEr 5

mm
111 1aQGSuclas uiiadu

would hold station at a single spot by swimming up-
stream against the current. If a likely food item or a
potential mate appeared they would cease rowing to in-
spect | it, thus being carried backward, but after a brief
tion they would usually break away and swim

back upstream to approx1mately the same position they

farmoarly acciiniad Individiiale annoaarad ta ha rathar
OTrineriy SCCUpiCa. 1nGiviGuais applarea o 0¢ rauncy

uniformly distributed across the stream surface, but it
was difficult to ascertain if each had a clearly defined
foraging territory. If a receptive female was encoun-
tered by a male the pair would tumble for several mo-
ments until the male was able to climb on top of the
female, then the two would take up station at the point
where they had drifted to and once again maintain sta-
tion against the flow.

We assume that Rhagovelia species experience

ore intense rnmr\nhnvn lntpr')rhnnc wit
Oore iniense LOILPpTUUy I alulils Wi

than with other aquatic Hemlptera species, and that
this imay account fux LhC lJaLLCl 1S O1 habuaL par tition-
ing noted above. The streams of Southeast Asia, how-
ever, support a very diverse array of Gerridae and
uld also compete with Rhnormmlm for

food resources. Such ¢ mpetmve interactions are also

likely to vary in intensity on an annual basis in many
lll\\'ly w Va.] i1 ‘L\'“ l y Uil Aiil Aaliiliual Uadsid 111 lllall’

areas, since the monsoon climate typical of the Malay
Archipelago causes great annual variations in stream
flow, and during the dry season large numbers of
aquatic insects are concentrated along the permanent-

Iy flogwing waterconurses. Thic nattern was esnecially evi-
1y GOWINng watlrourses. 1nis paliern was \.alu\,\.nuu] €vi-

dent in southern Celebes, which experiences a pro-
nounced dry season from July to November. Incredible
numbers of Rhagovelia pruinosa and R. sulawesiana were
found on spring fed pools at the Pattunuang River in
this region, in company with equally huge populations
of the gerrlds Ptilomera laelaps Breddin and Cylindros-
ar - Vally AP

Lei’luj pelseplwne I\lll&d‘ _y 4a11a
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agogonus (Gerridae), Limnogonus (Gerridae), Ventidius
(Gerridae), Hydrometra (Hydrometridae), and Micro-
velia (Veliidae). The surface of this stream was quite
literally black with water striders of various kinds, and
it is dlfﬁcult to imagine how all of the individuals
present could find sufficient food. Certainly a more in-
tensive study of this system could shed light on the im-
portance of competitive interactions in structuring
rrnmra] stream surface communities.

Additional notes on habitat preferences and be-

ha avior may ha fonund ninder tha diccnigcsians of indio
11avivi ll.la)’ UL 1uv lu ULIULL LU U0V UuUdd1uULd VL 1iua
vidual species.
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Both authors contributed substantially to all
aspects of this report and most tasks were shared,

however the taxonomic descriptions were largely pre-
nared l’\v the first author, and the zoogeographical

Pesss 1220 A5 KLU, |4 Ll AVURSVhiepaatal

analysis was mostly prepared by the second author. The
illustrations were prepared by the second author, and
any errors in their rendition are his responsibility
alone.

Key to the

rmaguv'ena of
Borneo, Celebes and the Moluccas

(This key is for apterous specimens. Macropter-
ous specimens should be identified to group, then com-
pared to key characters for species within that group.
Lengths are for apterous specimens; macropterous
specimens are longer)

L Length of pronotum subequal to or shorter
than length of an eye, mesonotum exposed (fig.
) 2
. Length of pronotum longer than the length of
an eye, covering part or all of mesonotum (figs.
28,43) e 12
2(1). Middlecoxaeblack .............. ... ... 3
2’ Middle coxae mostly or entirely light colored.

(&34

seventh abdominal venter unm dlﬁed w1th-
out CallOSl[lCS or hair tufis (aaoan) (Ilg. 5 I) ..
e incognita n. sp. (p. 179)
3. First antennal segment light basally. Male

seventh abdominal venter mor’hflprl with hair

Ciiul auQGUiiiia:

tufts, callosities or rndges laterally, or large cal-
IUSILICB ncar lllld}.lllc \1155 71, 8U} ......... 'I
4(3’). Eye length equal to or slightly shorter than
length of pronotum (7 or 8:8). Male seventh

ahdaminal vantar nat stronoly modified with
AUUU1L1LIIIAL YVUlllLl 11VUL ou Ullsl] Llluulll\.u yyiuix

shght callosities laterally, but not large callo-

sities near midliine (figs. 69, 71) (Sabah) .. ...
.................... ranau n. sp. (p. 180)

4. Eye length clearly greater than length of pro-
notum (10:8). Male seventh abdominal venter
strongly modified, with two (1+1) large cal-
losities, one on either side near midline (fig. 86)

(Sabah) ........... melanopsis n. sp. (p. 181)

5(2’). Larger species, at least 3 mm long; pronotum
approximately 1/2 as long as mesonotum; male
seventh sternite modified, with hair tufts, cal-

losities or ridges near midline or laterally (figs.

71,95,97) oo 6
5. Smaller species, clearly less than 3 mm long;

6(5).

7(6°).

8(5).

9(8).

pronotum approximately 1/3 as long as meso-
notum; male seventh sternite not modified, ex-
cept tawau which has tufts (1+1) of fine setae

laterallv each set on a low ridge (Fo‘ lR\ ...8

aaciauy cataascr ol a 12C8C 15

Middle coxae mostly light colored; middle tro-
chanters completely dark; basal 1/3 of first an-
tennal segment lm‘hr colored; male seventh ab-

dominal venter with low longltudmal ridge on
each side of median denressed area (o 66)

Calii 51Ul Ul 1itliail UCpPitostU aita (ug. VYY)

(Sabah, Mt. Kinabalu) ...................

.................. simutaia n. sp. (p. 182)
Middle coxae completely light colored; middle
trochanters usually mostly light colored, never

rnmnlptplv dark; basal /3 or (ncnally\ more of

seventh abdominal venter with small \.allualuco
set within hair tufts laterally (fig. 103), or with
two (i +1) large callosities near midiine (fig. 97)

Proepisternum without evident tjny black den-
ticies, or with only a few laterally. Basal 1/3 to
1/2 of first antennal segment light, the light/
dark transition sharp. Male seventh abdominal
venter with two (1 +1) large callosities near mid-
line (Sabah, Mt. Kinabalu) ...............

................. borneensis n. sp. (p. 183)
Proepisternum with tiny black denticles thick-
ly scattered over entire surface, including me-
dially between coxal cavities. Basal 2/3 (rarely
1/2) or more of first antennal segment light, the
light/dark transition not sharp but diffuse.
Male seventh abdominal venter with small cal-
losities set within hair tufts laterally (Sabah; Mt.
Kinabalu) ............. silau n. sp. (p. 184)
Juga broad, presenting a more or less flat
ventral surface, touching antennal tubercles
laterally (fig. 117). Coxae set with tiny black den-
ticles (visible at 40x), especially noticeable on
posterior distal part of middle coxae ...... 9
Juga narrower, not presenting a flat ventral
surface, not touching antennal tubercles later-
ally (fig. 109). Coxae without tmy black den-

ticles e 10

Male hind trochanter armed with several small
black teeth; hind femur with 8 or 9 small basal
teeth, and one lm'cre enme before middle fol-

lowed by about 10 smaller teeth distally (fig.
127). Female hind femur with 3 small basal
teeth, and 1 large spine before middle followed
by 7 or 8 much smalier teeth decreasing in size
distally (fig. 126) (Sarawak) ...............

.................. tebakang n. sp. (p. 186)

J.T. Polhemus and D.A. Polhemus: Rhagouvelia

Doonc: 181_00N
rages: 101—aov
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9.

10(8").

10°.

11(10°).

—
ja—

Pages

Male hind trochanter unarmed; hind femur
unarmed basally or with 1 to 4 basal teeth
before middle, and one large curved spine
hpvnnr] middle followed hv 7 or 8 smaller teeth

dlstally (fig. 121). Female hind femur with 3
basal teeth increasing in size toward middle,
and 1 curved spine past middle followed by 4
or 5 smaller teeth distally (fig. 120) (Sarawak;

FEast Kalimantan) sp. ( (n 186)

S aalinnaniail) .. 1800

samarinda n

Male abdominal sternite VII weakly carinate
distaily, with tufts of fine setae iateraily, far
removed from midline; hind femur with 9-10

small basal teeth, one long spine at middle and
about 6 smaller teeth rhcfa"v (rn- ‘)n\ Female

114ax Ciiiax

with a posterlorly directed tuft of setae on inner
side of connexiva aluug ier, guc Vi hind femur
with a long spine at middle followed by 6 or 7
smaller teeth distally (fig. 21)
tawau n. sp. (p 187)

Male abdominal sternite VII either strongly

Az s feo L

L ~F
WllllUuL tuIts Or iine

it P Y

carinate or not uuiua.u:,
setae laterally; hind femur has as many as 12
small basal teeth, but with only 2-4 small distal
teeth beyond median spine. Female may have
posteriorly directed setae on connexiva, but
without a posteriorry’ directed tuft of setae on
inner side of connexiva along tergite VII; hind
femur with a median spine pius at most 3
smaller teeth distally
Male abdominal sternite VII longitudinally
carinate medially; hind femur with 2 to 4 small
basal teeth, and 1 larger curved spine beyond
middle followed by 3 to 6 smaller teeth distal-
ly (fig. 113). Female connexiva not thickened or
setose along margin; hind femur unarmed or
with 1 or 2 teeth beyond distal 2/3 (fig. 114)
(Sarawak; Malaya) sondaica n. sp- (p. 188)
Maie abdominai sternite VII not carinate; hind
femur with 10-12 small basal teeth, and 1
moderate length spine at middle followed by 2
to 4 smaller teeth distally (fig. 133). Female con-
nexiva thickened along margin, set with short
stiff posteriorly directed setae; hind femur un-
armed or with 1 to 3 teeth beyond middle (fig.
132) (Sarawak) ... sarawakensis n. sp. (p. 190)

Pronotum covering only about 1/2 of meso-

notum (fig. 28) .......... ... ... ... 13
Pronotum covering most or all of mesenotum
(figd3) oo 15

161-230

13’.

14(13").

[
M

15(12°).

15°.

16(15).

16°.

17(16").

17°.

18°.

19(18).

Ground color black; female mid-femur dor-
soventrally flattened
Male hind femur basally with about 23-30 tiny
black teeth in a closely packed row (fig. 35).
Female seventh abdominal tergite shining
medially; connexiva glabrous (hair free) and
flattened dnrca"v along rprmrp IV only (North

Moluccas) bacanenszs n. sp. (p. 192)
MoTa hind Lavassn Locally with ohoasse 1N 610
vidi€ 1nina Iemur UdDall)’ Wilili do0ut 1iv I.lll)’
black teeth in a sparsely set row (fig. 42).
Female seventh abdominal tergite not shining
medially; connexiva glabrous (hair free) and
flattened dorsally along tergites IV & V (Obi)

ohi n sp. ( (r\ 103)

.............................. vy

Anterior transverse light-colored pronotal
stripe short, not extending lateraiiy beyond eye
Margins .........eeviinnernneennnnnn 16
Anterior transverse light-colored pronotal

avtanding latarally L
iawerany o

QEria

BLIL}IL lUlls, LAL\.IAUL‘AS

margins and onto propleura............ 21

Male with abdominal sternite VII (sixth visible
ventrally) not longitudinally carinate (fig. 140).
Female with both middle and hind femur dor-
soventrally flattened, hind femur curved (fig.
139) (Celebes) . ... ... hamdjahi n. sp. (p. 194)
Male with abdominal sternite VII longitudinal-
ly carinate (fig. 148). Female with at most mid-
dle femur dorsoventrally flattened, hind femur
notcurved ........ ... i, 17
Female connexiva margined with yellowish
brown and set with long setae (longer than
width of hind tibia) along entire length (fig. 44);
male unknown (Celebes) . unica n. sp. (p. 195)
Female connexiva not margined with yellowish
brown or set with long setae along entire length
(pruinosa has long setae on connexiva along dis-
tal part of tergite V and along tergites VI-VIII)

................................... 18

¢}
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2';359'

1uugu.uu1ua.1 median carina (Iig. 1339).
with dorsal surface of abdominal tergit e VIII

continuing on same plane as tergite VII (fig.
150) (Celebes) .

?

; hwtmnm n. sp. (p. 195)

WINANGE \re 29

Male abdommal stermte VII w1th0ut a sharp-

PP | < AL e ff cnbnn arigcinneg ot haaal 1/2
ly puuucu l.ull. O1 Bl.lll dCLac ai 131115 qat vasnail 19
of longitudinal median carina. Female with ab-

dominal terglte V111 alstmctly directed ven-
trad (fig. 164) ......... ... ... .ol 19

Male hind femur incrassate, usually twice or
more the diameter of the middle femur (fig.
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19°.

20(19’).

]
(=}

22’

23(20).

23’.

25(24).

167). Female with connexiva produced pos-
teriorly into semi-triangular plates, meeting
over tergite VII (fig. 166) (Ambon)
ambonensis Lundblad (p. 197)
Male w1th hind femur not incrassate, dlameter
not more than 1.5 x that of middle femur (figs.
160, 185). Female connexiva not produced pos-
teriorly into semi-triangular plates, not meet-
ing over tergite VII (figs. 180, 183) ... .. .. 20

Male abdominal tergite VII long and narrow
{(length: basal widih, 18:10) (fig. 158); sterniie
VI not modified (fig. 161). Female abdominal
tergite VII with a posteriorly directed finger-
like process (ﬁn‘ 1F§Q\ ((‘plphpc\

ARE PIOLESES IR, 2270, \(CIC0CS) v v v v v v v v 00 0 e

1V141C dbdullllllal LCISILC Vll more quadlatc
(length: basal width, 15:13) (fig. 179); sternite
VI depressed on each side of midline. Female
abdominal tergite VII not modified (fig. 180)

(Celebes) .......... celebensis n. sp. (p 199)
. Abdominal tergues I-V with distinct bri g“u sil-
ver- gray pruinose areas laterally ........ 22

Abdominal tergites I-V without distinct bright
silver-gray pruinose areas laterally . ... ... 23

. Ground color yellow-brown to brown; proe-

pisternum with a broad fieid of tiny biack den-
ticles; female mid femur not distinctly flattened
dorsally (Sabah) . . .. samardaca n. sp. (p. 200)
Ground color orange brown to brownish black;
proepisternum without black denticles, or with
very few in a narrow field adjacent to head at
antennal sockets; female mid femur distinctly
flattened dorsally (East Kalimantan)

................ christenseni n. sp. (p. 201)

Male first genital segment (abdominal segment
VIII) prndnm—'-r‘ pncn:rn-vpnrr:)"v (Fo‘

176)
Female connexiva distally rounded, not pro-
duced or angulate (fig. 177) (Ambon)
meikdelyi n. sp. (p. 202)
Male first genital segment unmodified (fig.
191). Female connexiva distally produced or

cinalc COINnexi atdally pro

angulate (ﬁg 190)
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on proepisternum, but not covering most of

body, not on upper part of thoracic pleura . .

Male with postero-ventrally directed tufts of
long stiff setae on abdominal sternites V-VI

25’

N
D

27.

28(27’).

(fig. 191); posterior trochanters each with 3-5
stout teeth. Female connexiva distally forming
an obtuse angle, not touching over tergite VII
(figs. 188, 190) (Celebes)

wallacei n. sp. (p. 203)
Male without postero-ventrally directed tufts
of long stiff setae on abdominal sternites V-VI,
with only normal pubescence (fig. 221); pos-
terior trochanters each with 2-3 stout teeth.
Female connexiva distally produced as an

arnte nlate_like nroiection. tonuchine agver ters
acute Pratlnilne projeiuiil, wuliiing OVel ol

gite VII (figs. 217, 220) (Celebes)
minahasa n. sp. (p. 205)

ly Wll.h IUmicrous BLUUL Lcclh
scattered over entire surface (ﬁg 80). Female
with connexiva straight, not sinuate, without
glabrous areas dorsally and with abdominal

tergites VIII-IX on same plane as tergite VII
(figs. '75 '7'7\ (Qahah\

.......... kawakamii (Matsumura) (p. 206)

Molabhion d Lavniin i arnognta o Tt bersnn ~e laca
vidi€ 1nina ieimui llll.l deaLC, auuut I.VVILC Ul 103

the diameter of the middle femur; ventrally
armed with a single row of smaii teeth basaily,

followed hv at most two more or less rPo'nlnr

rows of stout teeth on distal half (ﬁg 192)

.................. <tal

I‘Cllldlc Wll.h LUIIIICAlVd LUULU.UJS Uibtdll)’, blll‘
uate medially, with narrow glabrous areas dor-
sally along tergites IV-V (fig. 209); or conne-
xiva straight, not sinuate, without glabrous
areas dorsally and abdominal tergites VIII-IX

pa M ~ad . ad o A Y
ull CLLCU VCllLl a4 aia recessea lllLU LCI SI.LC Vil

(figs. 188,190) .......eeiii.., 27

)-Male with postero-ventrally directed tufts of

long stiff setae on abdominal sternites V-VI
(fig. 191). Female connexiva straight, not

sinuate, without olabraus areas dorsally distal.
.uuuuu,, wiuiOu TOUS arCas GOsainy, Gistax

angle, not touching over

tergite Vil (ﬁ gs. 188, 190) (Celebes)
................... wallacei n. sp. (p. 203)
Male without postero-ventrally directed tufts
of long stiff setae on abdominal sternites V-VI,
with only normal pubescence (fig. 213). Female
with connexiva touching distally, sinuate
medially, with narrow glabrous areas dorsally
along tergites IV-V ................... 28
Male hind femur beneath with a basal row of

about 30 tiny dark teeth extending to large
row of 7-9 stout

median tooth; distally with a

teeth, and a second parallel row of 7-9 stout
teeth (fig. 211). Female connexiva distally form-

J.T. Polhemus and D.A. Polhemus: Rhagovelia

Do me. 101 00N
rages: 101—-40V
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ing an acute triangle, not strongly produced

(figs. 209, 212); middle and hind femora not
dorsoventrally flattened (Celebes) .........
..................... grayi n. sp. (p. 207)

28’.  Male hind femur beneath with a basal row of
about 16- 22 tiny dark teeth not reaching large
median tooth; distally with a row of 8-10 stout

teeth, and at most a second parallel row of 1-3

stout teeth (fig. 145). Female connexiva distal-

ly strongly produced into an acuminate plate-
like structure (fios. 149 144): middle and hind

1RC SLIULLRIC L8 234, 23T ), HUGLIC QLG una

femora dorsoventrally flattened (Celebes) . . .
............... lorelinduana n. sp. (p. 208)

Species Descrlptlons

In the speci
surements are given in mm. The mean length and
width for each known sex and morph are given in mil-
limeters, where s = standard deviation and N = the
number of specimens measured; where N=1 we have

still nged this format for the sake of uniformitv. recoo-
ST USCCQ UAIS IoTMal 10T Tt SaxXs O unlioriiy, recoeg

iog Qo
ACTS UGS

nizing that the mean is the same as the measurement.
The leg segment ratios are given only for the apterous
male if one was available. The figure numbers pertain-
ing to each taxa are given under the species heading

and not referenced in the descrintion unless a structure

is described or understood prlmarlly by use of a figure.
The institutional abbreviations given under material
examined refer to the origin of the material; if there is
sufficient material, paratypes wiil be distributed to
other organizations as well, as stated in the Acknow-

ledgments section.

Rhagovelia incognita,
new species
Figures 54-60

Description. Apterous male. Ground color black,
with a grayish cast over most of the dorsum; abdominal
tergites not shining; anterior transverse band on pro-
notum orange brown, narrow, extending only along

vertex of head hetween eves. Venter dull egrav. includ-
vETICX O N1CaG DCIWCCD CYCs. VONCT QUi gray, 1ncuc

ing coxal cavities. Legs and antennae black, except an-
terior and posierior coxae and trochanters luteous.
Pronotum short, equal to the length of an eye, mesono-
tum broadly exposed; length:width, 0.20: 0.83. Length

of mesonotum on midline, 0.58; length of metanotu

.......................... 20, g O Iclalt

on midline, 0.10. Abdommal tergltes I-VI subequal in

Tom el /N 19 N TEN oo Ze A aar (D AN

1C11 gl.ll (V.10-VU. 1J), LI glLC V ll lUllgCl (V.0V).
Proepisternum without evident black denticles.

Dorsum clothed with fine silvery pubescence and many

lnng black erect setae. Venter clothed with short to

pR02 8

moderately long golden pubescence. Legs and anten-

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

nae clothed with stiff black setae, rarely exceeding
diameter of leg where they arise, longer on antennae.
Posterior trochanter armed with 4 or 5 tiny black teeth.
Posterior femur armed with about 8 basal teeth (dif-
ficult to see in the dense pubescence) reaching long
spine near middle, which is followed by about 9 shorter
spines of decreasing length distally. Posterior tibia
beneath armed with numerous black teeth along entire
length. Downcurving arolia of hind tarsi slender, flat-
tened, narrowing distally.

ormula I: I1: ITI: I'V; 0.70: 0.35: 0.38:

Antennal

g iy aiia: 10k

0.40.
Proportions of Legs

femur tibia tarsal1 tarsal2 tarsal3

Anterior  0.80 083 003 023 -
Middle 123 098 005 040 065

Vi

Posterior  1.05 0.98 0.03 0.03 0.28

Abdominal sternite VII shining medially, not
modified; sternite VIII wcamy carinate on midline.
Parameres symmetrical, shape as shown in figure 56.

Length: mean = 259mm s = 0.06 N = 10.

Width: mean = 111 mm s= 004 N=10.

Macropterous male. Coloration and most other char-
acteristics as in apterous form. Long dorsal setae on
pronotum absent on disc. Pronotum prolonged to
cover wing bases, narrowly rounded posteriorly;
humeri prominent. Wings dark smoky gray, extending

beyond tip of abdomen, w1th two closed cells on basal
"\')]‘F’ ah{‘nn‘nnal {‘ar\ na P

ilaxi, aoQOIlar Lalil

of tergite III.

Length: mean =
Width: mean = 1.16 mm s=0 N =

|
N
©
@
3
3
w

I
o
P

I
—

Apterous female. Coloration and general structure
similar to male but dorsum much less hirsute; ab-
dominal tergites not shining. Connexiva raised but not
vertical or reflexed; distally truncate.
Proepisternum without black denticles. P
trochanter unarmed or armed with 1 small tooth. Pos-
terior femur armed at middie with a long spine, fol-
lowed by a row of 7 smaller spines decreasing in length
distally. Posterior tibia basally with a row of small black
pegs along entire length. Abdomen distally truncate
(fig. 55) Tergite VIII on same plane as VII; proctiger

pI ()JCLUHg pUbLCI lUl 1)’

Length: mean = 283mm s= 005 N =
Width: mean = 127mm s =20 N

AQtaria:
rOSWCTI0T

=
o
g8
5
<
Q
S
=
"
]

Macropterous emale. a
characteristics as apterous form. L

on pronot absent on Aiar Pronotum nrolanced to
(0388 P OIOTUIIl 40SEiit Ol QisC. rroindu l}l UIUIJSL\A w

ul
cover wing bases, narrowly rounded posteriorly;
humeri prominent. Wings dark smoky gray, extending
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beyond tip of abdomen, with two closed cells on basal
half. Connexiva and abdominal tergites as in apterous
form.

Length: mean = 303mm s=0 N= 1
Length: mean = 2.93 mm s=0 N = 1 (dealateq).
Width: mean = 1.29 mm s = 0.04 N = 2.

Material examined. Holotype, apterous male, and al-

lotype, apterous female: EAST MALAYSIA, Borneo,

Sabah. Tempasuk Riv M Lk € ofFWsta Raliad CT

vavaii, 1liliipasun ALV

2029, VIII-4- 1985, J. T. & D. A. Polhemus (USNM).

Paratypes as foliows: EAST MAILAY DIA, Dorneo
Sahah: 11 apterous mal ]4 apterous females, 1 macro-

s males; 14 apLlero

pterous male 2 macropterous females, same data as

L alaron 14 » alag O1 . g famalag 1
xut)'l.u., 1T GPLLI OuUs maics, a1 ayu,l Ous 1I€1Miaics, 1 mac-

y & RNI1ll. J. Ul ixUua u\,luu ) &)

2]

o

ropterous female, Samalang River, 7 km. S. of Ranau,
CL 2026, VIII-3-1985, j. T. & D. A. Polhemus; 1 ap-
terous female, Liwagu River at Ranau, 335 m. (1100 ft.),
CL 2025, VIII-2-1985, J. T. & D. A. Polhemus (all

TTPC) Alca naratunes: 11 anterans males 15 anteronus
J 2 £y, cuSC paracypls: 11 qapierous maxls, 15 apilrous

females, Poring Hot Springs, X-8 to X-11-58, L. W.
Quate. EAST MALAYSIA, Borneo, Sarawak: 2 ap-
terous males, 5 apterous females, Kapit District, Merirai
Valley, 300 m. (985 {t.), VIII-1 to VIII-6-58, T. C. Maa;
11 apterous males, 25 apterous females, Sadong, Kam-

pong Tapuh, 300-450 m. (985-1475 ft.), VII-10-58, T.

O Moo /211 DDD AN
Ui vida (dil DI Divi).

Discussion. This species, known from the mountains
of western Borneo, belongs to the R. borneensis group
(see discussion under borneensis). The entirely black
middle coxae and trochanters ally this species with R.
ranau and R. melanopsis. R. incognita can immediately be
separated from all other members of the group by the
entirely black first antennal segments and unmodified
male abdominal sternite VII. The species name incog-
nita (L.) means unknown.

Rhagovelia ranau,

new species
Figures 68-73

Description. Apterous male. Ground color black,
abdominal tergites not shining; anterior transverse
band on pronotum orange brown, extending only
along vertex of head between eyes. Venter dull gray;
coxal cavities, mesosternum medially marked with
brownish. Legs and antennae black to black brown, ex-
cept basal 1/4 of first antennal segment, anterior and
posterior coxae and trochanters, luteous. Pronotum
short, slightly shorter than the length of an eye, meso-
notum broadly exposed; length:width, 0.18: 0.83.
Length of mesonotum on midline, 0.53; length of met-

anotum on midline, 0.8. Abdominal tergites I-VI sub-
equal in length (0.13-0.15), tergite VII longer (0.28).
Proepisternum with scattered black denticles.
Dorsum clothed with short silvery pubescence and
longer black erect setae. Venter clothed with short to
moderate length golden pubescence. Legs and anten-
nae clothed with stiff black setae, rarely exceeding
diameter of leg where they arise, longer on antennae
and fore legs. Posterior trochanter armed with 4 to 6
small black teeth. Posterior femur armed with about 7

or 8 basal teeth reaching to ]nng ep|np hefore middle

Dasai Tl ilaliulig Lo 1110 DCL10IC GGG,

which is followed by 6 or 7 shorter spines of decreasing
length distally. Posterior tibia beneath armed with
numerous black teeth. Downcurving arolia of hind tarsi
slender, flattened, narrow distally

Antennal

0.43.

femur tibia tarsal1 tarsal2 tarsal3

Anterior 0.75 0.80 0.03 0.20
Middle 1.20 0.95 0.05 0.38

G

0.63
Posterior  0.95 1.00 0.03 0.05 0.20

Abdominal sternite VII with a small low tumes-
cence on each side, far from midline, set with short stiff
posteriorly directed setae; sternite VIII not modified.
Parameres symmetrical, shape as shown in figure 68.

Length: mean = 2.54 mm s = 0.11 N =10.
Width: mean = 1.07mm s = 0.04 N =10.

..-acreptereus male. Coloration and most other char-
acteristics as in apterous form. Long dorsal setae on
pronotum absent on disc except along posterior mar-
gin. Pronotum prolonged to cover wing bases, narrow-

ly rounded posteriorly; humeri prominent. Wings
deen emnl(v gray, Ilahtpr haea"y extending hpynnr] hr\

ep smoky gray, lighter basally, extendin
of abdomen w1th 2 closed cells on basal half; veins
T cnlles cnt cirmtle s m T atn las bt ~rsrcrnd cntan
Udbdlly SCL wiLil 111ouciawc lCllslll CuUu1 vcu >Cruac.
Length: mean = 3.01 mm s = 0.19 N =10.
Width: mean = 1.18 mm s = 0.07 N =10

Apterous female. Coloration and general structure
similar to male, but less hirsute; abdominal tergites not
shining, V-VIII without long setae. Connexiva increas-
ingly upturned posteriorly, but not vertical or reflexed;
distally with a posteriorly directed tuft of stiff black
setae.

Proepisternum with scattered black denticles.
Posterior femur armed before middie with a iong spine,
followed by a row of 5 to 7 smaller spines decreasing in
length distally. Posterior tibia with a row of small black
pegs along entire length. Abdomen distally truncate
(fig. 70). Tergite VIII on same plane as VII; proctiger
projecting posteriorly

J.T. Polhemus and D.A. Polhemus: Rhagovelia

Pages: 161-230
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Length: mean 0.09 N =10.
Width: mean 0.03 N =10.

Macropterous female. Coloration and most other
characteristics as in apterous form. Pronotum and
wmcrq as in macropterous male. Connexiva and ab-

dommal tergites as in apterous female.

Length: mean = 3.i5 mm s = 0.04 N =10.

Width: mean = 119mm s = 004 N =10.
Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sabah: Samalang River, 7 km S. of Ranau, CL 2026,
VIII-3-1985, J. T. & D. A. Polhemus (USNM).

Paratypes as follows (all in JTPC unless otherwise

noted): EAST MALAYSIA, Borneo, Sabah: 35 apterous
males, 43 apterous females, 2 macropterous males,
same data as holotype; 3 apterous males, 3 macro-
pterous males (dealated), 1 apterous female, 3 macro-
pterous females (dealated), Langanan River at Poring
Hot Springs, 550 m. (1800 ft.), CL 2022, VIII-2-1985,
J. T. & D. A. Polhemus; 4 apterous males, 1 macro-
pterous male (dealated), 8 apterous females, 2 macro-
pterous females (dealated), stream 1 km. S. of Poring
Hot Springs, CL 2023, VIII-2-1985, J. T. & D. A. Pol-

hemus; 9 apterous males, 1 macropterous male (dea-

lated), 4 apterous females, Liwagu R1ver at Ranau, 335
m. (1100 ft.), CL 2025, VIII-2-1985, J. T. & D. A. Pol-
hemus; 4 apterous males, 4 apterous females, 2 macro-
pterous females, Nukakatan River, 26 km. S. of Ranau,
CL 2028, VIII-3-1985, ]. T. & D. A. Polhemus; 38 ap-
terous males, 26 apterous females, 2 macropterous
males, 6 macropterous females, Moyog River nr. km.
18 on Keningau Hwy., CL 2038, VIII-6-1985, J. T. &
D. A. Polhemus; 1 apterous female, trib. to Moyog River
nr. km. 12 on Keningau Hwy., CL 2039, VIII- 6-1985,
J. T. & D. A. Polhemus (all JTPC); 5 apterous males, 4

macroptergus maleg Q anterous rpm';llne 4 macron-
112ali O 11121C 5, Tiliails, T ialivp

terous females, 10 km. SW of Tambunan, I1X-2-1983, G.
F. Hevel & W. E. Steiner (JTPC, USNM); 1 macro-
pterous male, 2 apterous females, 1 macropterous
female, Paginatan, VIII-18-1983, G. F. Hevel & W. E.

Steiner II JISNM): 2 anterous males, 1 anterous female

SLCANCT (VAN NL), & QpCiORS 11AQI0S, 1 apitiLes tikass,

3 immatures, Tambunan 1-7-59, T. C. Maa (BPBM);

PRI P PPN S PN PR

IO dpLCIUUb llldle, :1 dplcl oud 1Cllld1€b, I macry opilciroud
males, 11 macropterous females, Poring Hot Springs,
X-8-1958, L. W. Quate, T. C. Maa (BPBM).

Discussion. This species, which beiongs to the borneen-
sis group, is very similar to R. incognita (see key). The
primary differences lie in the coloration of the anten-
nae and the slight modification of the male sternite VII
in ranau. In dorsal view the two species appear quite
similar (see figs. 54, 55), however the female of ranau is

2.91 mm S
1.16 mm S

I
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101 oan

rages 101-25VU

slightly narrower. The species name is derived from the
place of origin, near the town of Ranau in Sabah, north
Borneo.

The Samalang River at the type localit
rocky, unshaded stream flowing through steep hills and
surrounded by disturbed primary and secondary rain
forest. R. ranau was found here in sheltered spots near

the edges of the stream.

r at the tvpe localitv is a broad

a 210aq,

Rhagovelia melanopsis,

new apewea

Figures 81-88

Description. Apterous male. Ground color velvety
black, abdominal tergites not shining; anterior trans-
verse band on pronotum orange brown, narrow, ex-
tending only along vertex of head between eyes. Venter
dull gray; coxal cavities narrowly brown on margins.
Legs and antennae black, except basal 1/4 to 1/3 of first
antennal segment, anterior and posterior coxae and
trochanters, luteous. Pronotum short, equal to the
length of an eye, mesonotum broadly exposed; length:
width, 0.25: 0.93. Length of mesonotum on midline,
0.58; length of metanotum on midline, 0.08. Ab-
dominal tergites I-VI subequal in length (0.10-0.13),
tergite VII longer (0.33).

Proepisternum with a few tiny black denticles.
Dorsum clothed with short silvery pubescence and
longer black erect setae. Venter clothed with short to
moderate length golden pubescence. Legs and anten-
nae clothed with stiff black setae, rarely exceeding
diameter of leg where they arise, longer on antennae.
Posterior trochanter armed with 6 or 7 small black
teeth. Posterior femur armed with about 11 basal teeth
reaching long spine before middle, which is followed
by about 8 shorter spines of decreasing length distally.
Posterior tibia beneath armed with numerous black
teeth. Downcurving arolia of hind tarsi slender, flat-
tened and dilate distally.

Antennal formula I: II: III: IV; 0.75: 0.35: 0.45:
0.50.

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3

PRy N ar n aa nnc n nc
Anterior V.00 V.00 V.Vo V.co -

Middle 1.40 1.08 0.05 0.45 0.65
Posterior  1.13 1.10 0.05 0.05 0.25

7YY

Abdominal sternite VII with a large tumescence
on each side of midline set with stiff posteriorly directed
setae, similar in morphology to that of R. borneensis (see
fig. 86); sternite VIII depressed beneath basally,
directed slightly ventrad. Parameres symmetrical,
shape as shown in figure 83.
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003 N= 4
003 N= 4

Length: mean = 2.82mm s
Width: mean = 119 mm S

Macropterous male. Unknown.

Apterous female. Coloration, general structure and
hairiness similar to male; abdominal tergites not shin-
ing, VI and VII almost naked. Connexiva increasingly
upturned posteriorly, vertical or slightly reflexed over
tergites VII-VIII; distally with a posteriorly directed
tuft of stiff black setae.

Proepisternum with a few black denticles. Pos-
terior femur armed before middle with one long spine,
followed by a row of 8 smaller spines decreasing in
length distally. Posterior tibia with a row of small black
pegs along entire length. Abdomen distally truncate
(fig. 82). Tergite VIII on same plane as VII; proctiger
projecting posteriorly

Length: mean = 3.09m s=008 N-=
Width: mean = 131mm s=003 N=

Macropterous female. Unknown

[o)N¢)]

Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sabah: Liwagu River at Ranau, 335 m. (1100 ft.), CL
2025, VIII-2-1985, J. T. & D. A. Polhemus (USNM).

Paratypes as follows (all apterous unless otherwise
noted): EAST MALAYSIA, Borneo, Sabah: 1 male, 1
female, Langanan River at Poring Hot Springs, 550 m.
(1804 ft.), CL 2022, VIII-2-1985, ]J. T. & D. A. Polhemus
(JTPC); 1 male, 2 females, stream 1 km. S. of Poring Hot
Springs, 535 m. (1755 ft.), CL 2023, VIII-2-1985, J. T.
& D. A. Polhemus (JTPC); 1 male, 2 females, Mamut
River, Kinabalu Nat. Park, Poring Hot Springs Station,
VIII-12-1972, W. M. Beck, Jr. (JTPC); 12 apterous
males, 18 apterous females, 3 macropterous males, 5
macropterous females, British North Borneo, W. Coast
Residency, Ranau, 8 km. N. Poring Hot Springs, 500
m., X-8 to X-11-58, T. C. Maa (BPBM).

Discussion. This species, known only from the slopes
of Mt. Kinabalu, is very similar to R. borneensis, the

primary difference bemg in the coloration of the mid-

dle coxae and trochanters fsee kev and discussion
Gi€ COXaf and rodnaniers (s&€& X&y andG GisCussion

under borneensis). The species name melanopsis (Gr.)
refers to the black appearance.

dominal tergxtes not shlm nterior transverse band
on pronotum yellowish to orange brown, extending

only along vertex of head between eyes. Venter dull
gray including coxal cavities. Legs and antennae black
to black brown, except basal 1/3 of first antennal seg-
ment, anterior and posterior coxae and trochanters,
part of middle coxae, basal 1/3 of fore femur, extreme
base of hind femur, luteous to yellow brown. Pronotum
short, slightly shorter than the length of an eye, meso-
notum broadly exposed; length:width, 0.25: 0.90.
L. enmh of mesonotum on midline, 0.53; lenath of meta-

notum on midline, 0.10. Abdominal tergltes I-VI sube-

qual in length (0.15-0.18), tergite VII longer (0.33).

Entire prosternum with many black denticles
Dorsum clothed with short silvery pubescence and
many longer black erect setae. Venter clothed with
short to moderate length golden pubescence. Legs and

antennae clothed with stiff black setae, rarplv exceed-

wilila CALCCC

ing diameter of leg where they arise, some longer on

dlllclllldc IUSLCI lUl Ll ULhallLCl al l..llcd Wllh aUUul. 'I
small black teeth. Posterior femur armed with 10 to 13
basal teeth reaching to long spine at middle, which is
followed hv about 9 shorter snmes anPrreaslna IPnD‘I’h

distally. Postenor tibia beneath armed with numerous

Khlocl tanth olans antivna lanarh AT eI TUITN G AT l..-. af

n,
vialn Lcouil alUlls ciiuuic lcllslll LOWIITUT Vllls aroiia O1

hind tarsi slender, flattened, narrow dxstally

Antennal formuia I: II: III: IV; 0.73: 0.35: 0.48
0.45.
Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3
Anterior 0.85 0.88 0.03 0.23 -
Middle 1.38 1.05 0.05 0.33 0.63

Posterior 113 1.08 0.03 0.05 0.28

Abdominal sternite VII with low ridges (1+1)
laterally, each flanking an oblique longitudinal depres-
sion on either side of midline; each ridge set with stiff
moderate length setae, forming a dense tuft in the same
position as the tumescences of R. ranau but not as
prominent (see fig. 66); sternite VIII not modified.
Parameres symmetrical, shape as shown in figure 63.

Length: mean = 2.91 mm s = 0.05 N =10
Width: mean = 117mm s =004 N =10

~la Oalaratian and maog
aic. LO10rauoil ail

Macroptcwus m
acteristics as in apterous form. Long dorsal setae on
pronotum absent on disc. Pronotum prolonged to
cover wing bases, narrowly rounded posteriorly;

humeri not prommem Wxngs deep smoky gray brown

ghtar hacall rtanding havand fin afshdamen with
llslltcl Uabally, CALCIAULIIE U\ryullu Lll) Ul auvuuiiicii, wiull

1 or 2 closed cells on basal half; veins not prominent,
basally set with moderate length curved setae.

Length: mean = 3.54mm s = 0.07 N=2
Width: mean = 1.41mm s=0 N= 2

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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Apterous female. Most coloration and general struc-
ture similar to male, but less hirsute; abdominal tergites
not shining, pruinose gray laterally, without long setae,
IV-VII almost bare. Connexiva sinuate, increasingly
upturned posteriorly; incurved and with margins very
narrowly flattened and glabrous along tergites V-VII;
distally with a small posteriorly directed tuft of stiff
black setae.

Proepisternum with black denticles as in male.

Posterior femur basally with O to 3 teeth, then armed at
middle with a Inng epnﬁp followed hv a row of about 8

smaller spines decreasing in length dlstally Posterior
tibia armed with a row of small black pegs along entire
length. Abdomen distally truncate (fig. 62). Tergite
VIII directed very slightly ventrad; proctiger project-
ing posteriorly

Length: mean = 3.14 mm

manan

\Alidth -
vviutg. micaii =

Macropterous female. Color

characteristics as in apterous form. Pronotum and
wings as in macr opterous male. Connexiva not as in ap-
terous female, not sinuate, not flattened or glabrous on
margin. Dealated specimen showing dorsal abdominal
carinae extending to posterior margin of tergite IV.
Length: mean = 3.61 mm s =01 N= 2
Width: mean = 136mm s=0 N=2
Material examined: Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sabah: stream 1 km. S. of Poring Hot Springs, CL 2023,
VIII-2-1985, J. T. & D. A. Polhemus (USNM).
Paratypes as follows (all JTPC): EAST MALAY-
SIA, Borneo, Sabah: 35 apterous males, 39 apterous
females, 2 macropterous males, 4 macropterous
females (2 dealated), same data as holotype; 25 ap-
terous males, 16 apterous females, Langanan River at
Poring Hot Springs, 550 m. (1800 ft.), CL 2022, VIII-
2-1985, J. T. & D. A. Polhemus; 1 macropterous male
(dealated), 12 km. S. of Ranau, CL 2027, VIII-3-1985,
J. T. & D. A. Polhemus; 1 apterous male, 1 apterous
female, km. 60 on Keningau Hwy., CL 2036, VIII-6-
1985, J. T. & D. A. Polhemus; 11 apterous males, 5 ap-
terous females, Moyog River nr. km 12 on Keningau
Hwy., CL 2038, VIII-6-1985, ]. T. & D. A. Polhemus; 1

aptérous male, Mamut Rlver at Poring Hot Sprmgs,
365 m. (1200 ft.), VIII-12-1972, W. M. Beck Jr.; 1 mac-
ropterous male, Samalang River, 7 km. S. of Ranau, CL
2026, VIII-3-85, J. T. and D. A. Polhemus.

Also paratypes from Poring Hot Qnrlnoc 4 an-

AaS0O palac CS 110N ORI 1201 opiillps, = ap

terous males, 3 apterous females, 1 macropterous male,
TV aoc 10O YI QL s /ZAATTON. ) smbmanmeac ammn D a

IN-40-17007, v DLIIUU. kbl\’l ULJ), :7 d})lcl oud llldlcb ld le‘
terous females, 2 macropterous females, X-11-1958, T.

C. Maa (BPBM)

and D.A. Polhemus: Rhagovelia

Discussion: This species belongs to the borneensis
group; in coloration and male abdominal structure it
is close to R. tawau, but differs from the latter by the
more hairy dorsum, larger size and longer pronotum.
R. simulata is closest in appearance to R. ranau (see key),
but has more basal teeth (10-13) on the posterior femur
than ranau (7- 8), and the middle coxae are differently
colored. The modifications of the seventh male ster-
nites are very similar in R. simulata, tawau, ranau and
silau; the lateral ridges of former two are similar in posi-
tion to the tumescences seen on the male sternite VII
in R. ranau and R. silau (see fig. 71), but not as well
defined anteriorly as in the latter two species. The
species name (from similis, L., like) refers to the great

similarity with the other species of the group.

Rhagovelia borneensis,

new prblC&

Figures 89-98

Description. Apterous male. Ground color velvety
black, abdominal tergites not shining; anterior trans-
verse band on pronotum orange brown, narrow, ex-
tending only along vertex of head between eyes. Venter
dull gray, including coxal cavities. Legs and antennae
black, except basal half of first antennal segment, coxae,
anterior and posterior trochanters, basai haif of middie
trochanter, basal half of anterior femur, narrow basal
part of posterior femur, luteous. Pronotum short, equal
to the length of an eye, mesonotum broadly exposed;
length:width, 0.25: 0.98. Length of mesonotum on
midline, 0.58; length of metanotum on midline, 0.08.
Abdominal tergites I-VI subequal in length (0.13-0.18),
tergite VII longer (0.43).

Proepisteguum without evident black denticles.
Dorsum clothed with short silvery pubescence and
longer black erect setae. Venter clothed with short to
moderate length golden pubescence; thoracic venter
essentially bare. Legs and antennae clothed with stiff
black setae, rarely exceeding diameter of leg where they
arise, longer on antennae. Posterior trochanter armed
with 9 or 10 small black teeth. Posterior femur armed
with about 12 or 13 basal teeth not reaching long spine
near middle, which is followed by 7 or 10 shorter spines
of decreasing length distally. Posterior tibia beneath
armed with numerous black teeth. Downcurving arolia
of hind tarsi slender, flattened and dilate distally.

Antennal formula I: II: III: IV; 0.65: 0.40: 0.53:
0.53.
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Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3

Anterior 0.88 0.93 0.05 0.23
Middle 1.40 115 0.05 0.50

Posterior 1.10 1.25 0.05 0.10

°o .
w D
o o

Abdominal sternite VII with a large tumescence

on each side of midline set with stiff posteriorly directed

setae; sternite VIII depressed beneath basally, directed

P < PP, | P
augu l)’ vcuuau r.«,u‘uucu:s b)’ nmeuicdl, Siapc  as

shown in figure 93.

Length: mean = 343mm s=0.07 N=10
Width: mean= 1383mm s=004 N=10

Macropterous male. Coloration and most other char-
acteristics as in apterous form. Long dorsal setae on
pronotum absent on disc. Pronotum prolonged to
cover wing bases, narrowly rounded posteriorly;
humeri prominent. Wings broken off in both spec-
imens; abdominal carinae extending onto base of ter-
gite I'V.

Length: - mean =

Width: mean

|
o
o
<
z
|

3.43 mm s =
1.57 mm s = 0.07 N= 2

e £
APlcl'Uub lcllldi C.

hairiness similar

\_AUlUl dLlUll, BC[ICI d.l strucuuIc auu

male, abdominal tergites not shin-
ing, VI and VII aimost naked. Connexiva increasingly
upturned posterior 1 , vertical or slightly reflexed over
tergites VII-VIII; dlstally with a posterlorly directed

t11 ot ck catao
LuUiL UL dSuis Ula\-

k setae.

Proeplstemum without black denticles. Posterior
Iemur armea at mlaale Wl[ﬂ a ﬂlOﬂCrd[C ICIlgth kl)
spine, followed by a row of 7 smaller spines decreasing
in length distally. Posterior tibia basally with a row of
small black pegs. Abdomen distally truncate (fig. 90).
Tergite VIII on same plane as VII; proctiger pro_]ect-

ing posteriorly.

Length: mean = 357mm s=006 N=10
Width: mean = 146mm s = 0.04 N =10
Macropterous female. Unknown
Material examined. Holotype, apterous male and al-

lotype, aptero us female: EAST MALAYSIA, Borneo,

Q. k. L. agilaas [ ,
Sabah: Mesilau R iVer, 8 km. N. of Kund%an, 2100 m.

Paratypes as follows: EAST MALAYSIA, Borneo,

Sabah: 10 a pterous males, 2 macropterous males (dea-
lated). 10

1adwlCiy, iv

(JTPC); 1 a pterous female, Llwagu River at Liwagu

No L QY CYY X e HeOR P D1\
Cave, SE of Headquarters (Kinabalu Nat. Park), 1525

Vi
. (5000 ft.), VII-15-1972 (S7e¢), G. F. & C. H. Edmunds

TPC); 2 apterous males, 2 apterous females, Siiau

Silau, Kinabalu, 1500 m. (4Q9“ Ft\ VIII-28-69, K.

12a4, AlNALANG, 220V 14 \FILY L.

Schon (ZMUC).

apterous females, same data as holotype

B

no

2 (dealated).

Discussion. This species, along with R. melanopsis, in-
cognita, ranau, simulata, silau and tawau form the borneen-
sis group, characterized by the short pronotum
(subequal to or shorter than the length of an eye, about
1/3 to 1/2 as long as mesonotum), robust body and size
2-1/2 to 3mm. long, the males have broad truncate
parameres and usually have modifications on abdom-
inal sternite VII (hair tufts, callosities), and in macro-
pters each wing has 2 closed cells in the basal half.
Species of the sarawakensis group are usually smaller,
narrrower, and have a shorter pronotum (see key); the
males of this group usually have narrow elongate male
parameres, and in macropters each fore wing has 4
closed cells extending onto the distal half. R. borneensis,
known only from the slopes of Mt. Kinabalu, is very
similar to R. melanopsis; the primary difference is the
coloration of the middle coxae and trochanters. In bor-
neensis the tumescences of sternite VII are slightly
larger, with slightly longer setae than in melanopsis. Also,
compared to borneensis, melanopsis has a deeper trans-
verse basal sulcus on the first genital segment (tergite

VIII), the light portion of the first antennal segment is
shorter (1/4 rather than 1/9) and it is slichtlv smaller

5120101 alicr all 44), «iQ 1L 15 3Alpaiid)y silaalic

and less robust. nged females are partlcularly dif-
ficult to separate in species of this group; borneensis and
silau, for instance, occur together and may be separated
only by the presence of numerous tiny black denticles
on the prosternum and lighter first antennal segment

of the latter. The species name borneensis is derived from

the island of origin, Borneo.

The Mesilau River at the type locality is a swift
upland stream in a bed of granite boulders, heavily
shaded by moss forest. Collections were made both
above and below a water intake for a new golf course

near Kundesan, and the insects ﬁppe'"ef* to be more

abundant in the downstream section where the sur-
rounamg IOl"Cb[ ndCl DCCII u1>turucu duu b\iﬁ‘llglll was
able to reach the water. In all cases the insects fre-

quemed sheltered spots along the banks and out of the

urrent often in the lee of larce rocks
rrent, oiten in the lee Of 1arge rocxs.

Rhagoveiia siia
new species
Figures 99-105

Description. Apterous male. Ground color black, ab-
dominal tergites not shining; anterior transverse band
on pronotum orange brown, extending only along ver-
tex of head between eyes. Venter dull gray including
coxal cavities. Legs and antennae black to black brown,

except basal 2/3 (rarely 1/2) or more of first antennal

segment, all coxae, anterior and posterior trochanters,
part of middle trochanter, extreme base of hind femur,

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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luteous. Pronotum short, slightly shorter than the
length of an eye, mesonotum broadly exposed; length:
width, 0.30: 1.05. Length of mesonotum on midline,
0.58; Ipncrrh of metanotum on midline, 0.10. Abdominal

tergites I VI subequal in length (0.15- 0.18), tergite VII
longer (0.38).

Entire prosternum with many black denticles.
Dorsum clothed with short silvery pubescence and
many longer black erect setae. Venter clothed with

short to moderate length golden pubescence. Legs, an-
tennae clothed with stiff black setae, rarely exceeding
diameter of leg where they arise, some longer on an-
tennae. Posterior trochanter armed with 7 to 12 small
black teeth. Posterior femur armed with 13 to 18 basal
teeth reaching to long spine at middle, which is fol-
lowed by about 8 shorter spines of decreasing length

distally. Posterior tibia beneath armed with numerous

Klonl tanth alanas antiva lanagth NMacrncrincinag analia A0
UlalnN el alUlls ciuiulc lCllsLll. uwiitul Vllls alvlla UL

hind tarsi slender, flattened, broadened distally.
Antennal formula I: II: II1: IV; 0.83: 0.43: 0.53:
0.53.
Proportlons of Legs

cl
Anterior 0.95 1.03 0.03 0.25 -
Middie 1.58 1.25 0.05 0.50 0.73
Posterior  1.30 1.30 0.05 0.05 0.30
Abdominal sternite VII with a distinct tumescence
on each side of a slightly depressed median black
rugose area, similar in position to those of R. ranau but
more prominent (see fig. 103), each tumescence set with
stiff moderate length setae and one longer setae; ster-
nite VIII not modified. Parameres symmetrical, shape
as shown in figure 101.

Length: mean = 318 mm s= 007 N =10.
Width: mean = 1.30mm s =002 N =10.
Macropierous male. Coloration and most other char-

acteristics as in apterous form. Long dorsal setae on

pronotum absent on disc. Pronotum prolonged to
cover wing bases narrnwlv rounded pncrprlnrlv

LOVe: willl 2ascs, 11a21¢0 ouaacae Os1CII011

humeri not prominent. ngs deep smoky gray brown,
lighter basally, extending beyond up of abdomen, with
2 closed cells on basal half; veins basally set with
moderate length curved setae.

Llength: mean = 404mm s 1 N

Width: mean 1.54 mm s = 0.05 N = 7.

Apterous female. Coloration and general structure
similar to male, but less hirsute; abdominal tergites not
shining, without long setae, IV-VII almost bare. Con-
nexiva sinuate, increasingly upturned posteriorly; in-
curved and with margins narrowly flattened and

-

i.

Il
oo
-

Il

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

glabrous along tergites V-VI; distally with a small
posteriorly directed tuft of stiff black setae.
Proepisternum with black denticles as in male.
Posterior femur armed at middle with a long spine, fol-
lowed by a row of 5 to 7 smaller spines decreasmg in
length distally. Posterior tibia with a row of small black
pegs on at least basal 1/2 plus a few distally. Abdomen
distally truncate (fig. 100). Tergite VIII on same plane
as VII; proctiger projecting posteriorly.
Length: mean 352mm s=0.06 N=10.
Width: mean = 143 mm s =004 N 10

LA LICICA P i TS taaiaa <> V.S .

Macronterous female. Coloration and most other
characterlstlcs as in apterous form. Pronotum and
Wlllsb aa 111 lllal.l UPLCI UUB l.llal!'- CUIIIILMVQ llUl. aé .lll aP‘
terous female, not sinuate, not flattened on margin.
Dealated specimen showing dorsal abdominal carinae
extending onto base of tergite IV.

Length: mean = 398 mm s = 0.08 N = 5.

N

AL Aldbe s e 4 EQ e = nna =4
vvidtri.  mmeain = 1.0 11hmn S = U.u4 = 9.

Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sabah: small stream and watercress bogs, km. 62 on

Keningau Hwy., CL 2035, VIII-6- 1985, J. T. & D. A.
Polhemus (USNM)

£ OOCHIRS (Y SN,

Paratypes as follows (all JTPC): EAST MALAY-
SIA, Borneo, Sabah: 8 apterous males, 7 apterous fe-
males, 3 macropterous males, 5 macropterous females,
same data as holotype; 2 apterous males, 3 macro-
pterous males (dealated), 8 macropterous females (dea-
Iated), Mesdau River, 8 km. N. of Kundesan CL 2020,
2100 m. (6890 ft.), VIII-1-1985, J. T. & D. A. Polhemus;
16 apterous males, 19 apterous females, 3 macropterous
males, 3 macropterous females, Liwagu River at Kun-
desan, CL 2021, 900 m. (2950 ft.) VIII-1-1985, ]J. T. &
D. A. Polhemus; 3 apterous males, 2 apterous females,
km. 60 on Keningau Hwy., CL 2036, VIII-6-1085 J. T,
& D. A. Polhemus; 2 apterous males, 1 apterous female,
Silau Silau stream, 1585 m. (5200 ft.), VIII-11-1972, W.
M. Beck, Jr.; 1 apterous male, Liwagu River at Liwagu

Cave, SE of Headquarters, 1525 m. (5000 ft.), VIII-11-

1979 G. F. & C. H Fdmunds. Aleo naratvnes: 6 an-

LT i &y 3. LGGRAGS. HusU paialypls. U ap

terous males, 3 apterous females, Silau, 1500 m., K.

TYYY OQ 1080 /ZNAY T
DLllUll, Vlll 40-1909 (MU,
s

.......... Thic anariog ch halanao ta tha haseoon,
Ulbbuablull- 411D DPCLICB, Wiicii ULIUIISB LU uC vurnicein~

sis group, is closest to R. simulata (see key), but R. silau
has more teeth on the posterior trochanter (7-12) than
simulata (4). The tumescences are similar to those seen
on the male sternite VII in ranau.(see figs. 69, 71, 103),
but the latter has fewer basal teeth (7-8) on the posterior
femur than silau (13- 18), and the middle coxae are dif-

c R 1 1 I LY. DL IR ) SN o
Ierently colored. 1ne€ moailnca connexiva or suau 1c-
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males are unique within the group. The species name,
a noun in apposition, recognizes the place from which
the species was first recognized, Silau, Sabah, Borneo.

Rhagovelia tebakang,
new species
Figures 122-127

Description. Apterous male. Ground color black; ab-
dominal tergites black. Anterior transverse band on
pronotum orange brown, extending laterally to inner
eye margins. Venter black; coxal cavities very narrow-
ly margined with testaceous. Legs and antennae black
except basal third of antennal segment I, basal half of
anterior femur, basal fifth of hind femur, all coxae and
trochanters, leucine. Pronotum short, length much less
than that of an eye; length:width, 0.15: 0.75. Length of
mesonotum on midline, 0.50; length of metanotum on
midline, 0.08. Abdominal tergites I-VI subequal in
length (0.10-0.18), tergite VII longer (0.28).

Proepisternum with minute black denticles, dif-
ficult to see against dark background. Head with jugum
broad in ventral view, touching antennal tubercles (see
fig. 117). Dorsum clothed with very short recumbent
setae and scattered longer setae. Venter clothed with
short recumbent setae. Legs and antennae clothed with
short golden setae and usual spines and scattered long
setae. All coxae with scattered minute black denticles,
most numerous on posterior side distally, most evident
on middle coxae. Posterior trochanter unarmed or
armed with 1 or 2 small black teeth. Posterior femur
armed basally with 8 or 9 small teeth before middle in-
creasing in size distally, and a large spine before mid-
dle followed by 10 smaller spines decreasing in size
distally. Posterior tibia beneath armed along entire
length with short stout teeth. Downcurving arolia of
hind tarsi flattened dm“invenrm"v

Antennal formula I: II: III. IV; 0.58: 0.30: 0.40:
0.38.

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3

Antarine n 72 n7n nn2a n40

ATV V.io v.iv V.V V.10 -
Middle 1.25 0.93 0.05 0.38 0.55
DaAgtarinr 1 N2 N asg nna2 nna n 20
FUOLTIHivI 1.Vo V.9V V.V V.V v.ev

______ PR P PRgsy ) P

t\UUUlllllldl sternite Vll VCI)’ WCdKl)’ Cai‘iﬁa i€ on
midline; sternite VIII depressed basally. Parameres
symmetrical, shape as shown in figure 123.
Length: mean = 263mm s =0 N= 1.
Width: mean = 091mm s=0 N =

Macraonterons male. Coloration and ost structural
Lo ctural

AaLIUPICIiVusS ia:l. 101auUil aill 0S5t Suuliu

characteristics similar to apterous male. Wings deep
smoky brownish black, veins prominent, extending

past tip of abdomen; subcostal and medial veins basal-
ly set with moderate length setae; with three closed cells
barely extending onto distal half. Wings spread, expos-
nd to posterior

lncr dorsal abdominal carinae that exten

margin of tergite I1I.

Length: mean = 293mm s =0 N = 1.
Width: mean = 1.11mm s=0 N= 1

Apterous female. Coloration and hairiness similar to
male. Connexiva slightly raised; not sinuate or hirsute.
Proepisternum with minute black denticles. Posterior
femur armed with 3 small basal teeth and one large

enlnp I'\ppr\rn mlr‘r"n Fﬁ]]ﬂIAIF‘A }'\v a row r\‘r 7 ch"pr
SpPix 11OWCG Siiilal

teeth decreasing in length dsta]ly Posterior tibia
n

aatl e 2T T el P P A
dlUlls CIl1L gl Wllll snort stout

I

a
—

beneath armed ir
teeth.

Abdomen not carinate; distaily not modified; con-
nexiva distally terminating in a short acute angle, not
produced Terglte VIII on same plane as VII; proc-

LLBCI pP1 UJCLLHIS })UBLCI lUl l)’

Length: mean 268mm s
Width: mean = 0.96 mm S

0 N= 1
0 N = 1

Macropterous female. Unknown

Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sarawak: 4 km. S. of Tebakang, CL 2044, VIIT-9-1985,

Saiawass. T K38, 01 20P0akails A &VUTE, =200

J. T. & D. A. Polhemus (JTPC).

Ponsrmanc oo FANlac ol TAQT AMAT AVCTA DAviennn
fdldl.)’l)cb ad 1ULLUWD. LAV 1 VAL L O, DULIICV,

Sarawak: 1 macropterous male, same data as holotype;
1 apterous maie, 1 apterous female, smaii siream, 8 km.
S. of Tebakang, CL 2045, VIII-9-1985, J. T. & D. A. Pol-
hemus (JTPC); 3 apterous females, Mt. Santubong, nr.
Kuching, VI-18 to VI-30-58, T. C. Maa (BPBM)

Aucnin avada \x iV,

Discussion. Rhagovelia tebakang may be separated
from the other members of the Rhagovelia sarawakensis
group by the characters given in the key; also see dis-
cussion under Rhagovelia samarinda. The habitus is
quite similar to R. samarinda. The armed posterior
trochanter of the male is unique within the group
(however the winged male has only the right trochanter
armed, with 1 tooth), and the broad jugum is shared
only with R. samarinda. The name derives from the town
of Tebakang, near which the type-series was collected.

5> near

Rhagovelia samarinda,
new species
Figures 115-121

Description. Apterous male. Ground color black; ab-
dominal tergites black. Anterior transverse band on
pronotum orange brown, extending laterally to inner

C)’C mar; gl[lb VCIILCI UldLl&, kU)&dl LdVlqu VCIy 1al1ow-
ly margined with testaceous. Legs and antennae black

J.T. Polhemus and D.A. Polhemus: Rhagovelia

Dosoc- 181 _0an
ragces. 101—40VU
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except basal half of antennal segment I, basal 3/5 of
anterior femur, basal third of hind femur, all coxae and

trochanters, leucine. Pronotum short, length much less
than that of an eye; length:width, 0.15: 0.70. Length of

wiiall wiial O all C)C, iCiiga waalid, L Lng 0

mesonotum on mldlme, 0.43; length of metanotum on
midline, 0.08. Abdominal tergites I-VI subequal in
length (0.13-0.15), tergite VII longer (0.25).
Proepisternum with minute black denticles, dif-
1lt to see against dark background. Head with jugum

cu
road in ventral view, touchmg antennal tubercles (Flg.
n

17\ arcuim clathad with varv chart reciimhbhent catao
14y, OTSUMm GouUIEa Wil VEry sadsrt rédumoent séiad

U"!..

-

and scattered longer setae. Venter clothed with short
recumbent setae. Legs and antennae clothed with short
golden setae and usual spines and scattered long setae.
All coxae with scattered minute black denticles, most
numerous on posterior side distally, most evident on

middle coxae. Posterlor trochanter unarmed Posterior
f\.lllul ar lll\.d basa“y 'vv'h.h 1 3Auau tUULh b\.fo\. uuddl\.
or without basal teeth; with a large spine beyond mid-
dle followed by 7 smaller spines decreasing in size dis-
ml]v Posterior tibia beneath armed along entire length

with short stout teeth. Downcurving arolia of hind tarsi

Aot dd trall
nattenea aorsoventraiiy.

Antennal formula I: IT: III: IV; 0.48: 0.28: 0.38:
.38.

[}

Proportions of Legs

femur tibia tarsal1 tarsal2 tarsal 3
Anterior 0.63 0.65 0.03 0.15 -
Middle 1.05 0.83 0.05 0.30 0.53
....... n aon n on n NN n NN n NN
I'UDI.CI IUI V.00 V.0V V.vo v.Vo v.cv

Abdominal sternites II-VII carinate on midline;
sternite VIII slightly depressed basally. Parameres sym-
metrical, shape as shown in figure 116.

Length: mean 242mm s=0.09 N =10.
Width: mean = 0.81 mm s = 0.03 N =10.

Macropterous male. Unknown
Apterous female. Coloration and hairiness similar to
male Connexiva shghtly raised; not sinuate or hirsute.

..................... a Ao P
I'IUCPIBLCI I1ulII1 Wll.ll llllllUtC UldLl\ ucuuuca nu LoOXac

with minute conical black setae as in male. Posterior
femur armed with I to 3 basal teeth before middile, in-
creasing in size distally, and beyond middle with a
moderate length (0.13) spme followed by a row of 4 or
5 smaller Spmcb uecreasmg in u‘:ﬂgtu ulstauy Posterior
tibia armed along entire length with a row of short stout
black pegs.

Abdomen ventrally weakly carinate on midline;
distally not modified; connexiva distally terminating in
a short acute angle, not produced. Tergite VIII on
same plane as VII; proctiger projecting posteriorly.

J.T. Polhemus and D.A. Polhemus: Rhagovelia

k‘ages i6i-230

I
1

2.64 mm s
0.91 mm s

1.03 N =10.
003 N =10.

Length: mean
Width: mean

It
Il

Macropterous female. Unknown

Material examined. Holotype apterous male, and al-
iotype, apterous femaie: INDONESIA: Borneo, Kaii-
mantan Timur Prov.: waterfall and stream 11 km. NE
of Samarinda, CL 2091, VIII-27- 1985, ]J. T. & D. A. Pol-
hemus (USNM).

Paratypes as follows: (All Apterous): INDONE-
SIA, Borneo, Kalimantan Timur Prov.: 29 males, 19
females, 2 nymphs, same data as holotype (JTPC).
EAST MALAYSIA, Borneo, Sarawak: 14 males, 10 fe-
males, 7 km. N. of Tebakang, CL 2043, VIII-9-1985, J.
T. & D. A. Polhemus (JTPC); 1 male, 1 female, 20 km.
SE of Sematan, CL 2051, VIII-10-1985, J. T. & D. A. Pol-
hemus (JTPC); 1 female, Kampong Pueh, Lundu Dist.,
VI-6 to VI-12-58, T. C. Maa (BPBM).

Also 1 macropterous female we have identified as
this species from INDONESIA: Celebes, Sulawesi Ten-
gah Prov.: stream 10 km. SE Kamarora, Lore Lindu Na-
tional Park, CL 2156, X-8-85, 950 m., J. T. & D. A.
Polhemus (JTPC).

Discussion. Rhagovelia samarinda belongs to the Rhag-
ovelia sarawakensis group. This group is quite wide-
spread; the other species known to occur on Borneo

are Rhagovelia sarawakensis n. sp., Rhagovelia tebakang n.

ey and RPhaonviolin cnmdasra n en All aro andamic ta Ror.
SP. aniG nagoveca sonaaica 1. Sp. fux ard EnGlmil O SOT

neo except the latter which has also been taken on the

lVldldy rCIllIlbUld nnuguveuu samarmuu nldy UC bdeI at-
ed from the other members of the group by the charac-
ters given in the key. The habitus of R. samarinda, R.

tebakano and R. sondaica are all nnltp mmﬂar differing
rang ana fu. sondaicg are all quite simiar, Guierin g

prxmarlly in the shape and proportlons of the thoracic
nnnnnn N7 118 199y Tha heaod
ter SILCD \DCC llsul cs LUU, Vi, 119, 144} 111C vivau

jugum is shared only with Rhagovelia tebakang. The
name derives from the type locality.

Rhagovelia tawau,

new apeueb

Figures 15-22

Description. Apterous male. Ground color black; ab-

dominal tercites hlack Anterior transverse bhand on
acmina: tergites Diack. Anterieor transverse banc on

pronotum orange brown, extending laterally to inner
eye margins. Venter black; lightly embrowned on coxal
cavities and mesosternum. Legs and antennae black ex-
cept basal 2/5 of antennal segment I, basal half of

anterior femur hacal fifth of hind femur. all coxae. fore
anterior iemur, casa: il o1 N1ing 1emur, a:: ¢oxag, iore

and hind trochanters, base of middle trochanter,
leucine. Pronotum auOi‘t, lt‘:ﬁgtu much less than that of
an eye; length:width, 0.18: 0.70. Length of mesonotum

on midline, 0.48; length of metanotum on midline,
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0.08. Abdominal tergites I-VI subequal in length (0.13-
0.15), tergite VII longer, 0.28.

Proepisternum with minute black denticles, dif-
ficult to see against dark background. Head with jugum
not broadened. Dorsum clothed with very short recum-
bent setae and scattered longer setae. Venter clothed
with short recumbent setae. Legs and antennae clothed
with short golden setae and usual spines and scattered
long setae. Posterior trochanter armed with 3 tiny teeth.

Posterior femur armed basally with 9 to 10 small teeth

incrancing in ci7zo dictally and o largs eninae 1et havand
indreasing in siZ8 Giswauy and a 1arge spince just séyona

middle followed by about 6 or 7 smaller spines decreas-
ing in size distally. Posterior tibia beneath armed along
entire length with short stout teeth. Downcurving arolia

of hind tarsi flattened dorsoventrally, widened distally.
Antennal formula I: IT: III: IV; 0.58: 0.30: 0.38:

0.38.

femur tibia  tarsal1 tarsal2 tarsal 3

Anterior 0.68 0.68 0.03 0.15 -
Middle 1.05 0.83 0.05 0.30 0.5

1

Posterior  0.85 0.90 0.03 0.03

(:D

o
©

Abdominal sternite VII weakly carinate distally,
with low ridges (1+1) laterally, each flanking a weak
oblique depression on either side of midline; each ridge
set with fine setae and most easily visible in lateral view,
forming a hair tuft in the same position as in R. simulata
but not as dense. Sternite VIII not depressed basally.
Parameres symmetrical, shape as shown in figure 17.

Length: mean 235mm s = 0.03 N =10.
Width: mean = 0.91 mm s =003 N =10.

Macropterous male. Most structural characters and
color similar to apterous male. Wings smoky gray

bhrown. with two claosed cells hasally (fior. 99). veing not
CIOWIL, Wil tWO CIOSCCG (LS Dasany \1ig. 44/, v&iil

S 2200

prominent, basally set with short setae.
Length: mean = 2.83 mm
Width: mean = 111 mm

s=0 N= 2
s = 0.05 N = 3.
Apterous female. Coloration and hairiness similar to
male. Connexiva raised but not reflexed; weakly
sinuate; set with stiff black posteromedially directed
setae on inner margin along tergite VI. Proepisternum
with minute black denticles. Posterior femur basally un-
armed or with 1 small spine adjacent to median spine,
which is situated just before middle, followed by 5 or 6
smaller teeth distally. Posterior tibia armed along en-
tire length with short stout teeth.

Abdomen not carinate; distally not modified; con-
nexiva distally truncate, not produced, but with pos-
teriorly projecting stiff setae. Tergite VIII on same
plane as VII; proctiger projecting posteriorly.

0.03 N =10.
003 N =10

Macropterous female. Appearance similar to macro-
pterous male; wings with two closed cells in basal haif.
Abdominal carinae extending beyond middle of tergite
IV; tergites V-VIII each with ovate median shlmng

Length: mean 258 mm s
Width: mean = 1.02 mm s

spot: connexiva ctraioht

pot; connexiva straight
Length: mean = 3.083mm s=0 N= 1.
Width: mean = 1i.iimm s=0 N= 2

Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sabah: North Borneo (SE), 19 km. N. ot Kalabakan,
XI11-11-1962, Y. Hirashima (BPBM).

Paratypes as follows (all collected by Y. Hirashima,
BPBM): EAST MALAYSIA, Borneo, Sabah: 15 apter-
ous males, 22 apterous females, 1 macropterous male,
1 macropterous female, same data as holotype; 50 ap-
terous males, 69 apterous females, 1 macropterous
male, N. Borneo (SE), Tawau, Quoin Hill, VII-26 to
IX-27-1962; 19 apterous males, 8 apterous females, 1
macropterous male, 1 macropterous female, North
Borneo (SE), Tawau, Quoin Hill, Forest Camp 1, 3-5
km WSW of Cocoa Res. Sta:, VII-9 to VII-20-1962.
(Paral_’vnec in TTPP ZMUC RPRM\

YyPes il y 2 I, LAV,

oq
w
-t
5]
o
=
(]
~
&'
§
S
Y
>
[N

1~ Ld 3 1 gtarnita ‘7'['[ and
1 iMidi€ aoQoiiifidr SIeriiie vii, ana

lateral ridges
coloration of the middle coxae and trochanters place
this species very close to Rhagovelia simulaia, from which
it differs by the less hairy dorsum, smaller size, and
shorter pronotum. It may be separated from the other

mha of the group Ly the charae
memoers o1 iné group u] i€ naraciers give

key. The species name is derived from the area of
origin; ail known specimens were taken in the vicinity
of Tawau, Sabah.

tore aiven in the
n in né

Rhagovelia sondaica,

new species

Figures 106-114

?Rhagovelia femorata, Lundblad 1933, nec Dover 1928
Arch. Hydrobiol., Suppl. 10 (Trop. Binnen-

nnnnnnn AV. 00N Dadacerintion hacad an enac.
Bcwabb T) PV iV l\\.«ubb\,lll}l.lull uaa\.u Vil DIJ\'L

imens from Java; several varieties
Misidentified.

2DL arnain “pam nne u rey
cauu 5 UC'/l«(l/lU"llU Lu, 1i1u ls\.LLU

Sumatrana.75: 1. Lists from Sumatra
misidentification.

?Rhagovelia femorata, Lundblad 1936. Ark. Zool. 28A
(21): 15. Redescrlpuon based on specimens from
Java. Misidentified.

ossibly a

"UN

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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Description. Apterous male. Ground color black; ab-
dominal tergites black. Anterior transverse band on
pronotum orange brown, extending laterally to inner
eye margins. Venter black; coxal cavities very narrow-
ly margined with testaceous. Legs and antennae black
except basal third of antennal segment I, basal 2/3 of
anterior femur, basal 2/5 of hind femur, all coxae and
trochanters, leucine. Pronotum short, length much less
than that of an eye; length:width, 0.13: 0.75. Length of
mesonotum on midline, 0.55; length of metanotum on
mnr‘llnp 0.08. Abdominal tergites I-VI subegual in

......... \bdominal tergites subequal in
length (0.10-0.18), tergite VII longer (0.25).
Proepisternum with minute black denticles, dif-
ficult to see against dark background. Jugum of head
not broadened. Dorsum clothed with very short recum-
bent setae and scattered longer setae. Venter clothed
with short recumbent setae. Legs and antennae clothed
with short 5uldcu setae and usual SpiﬁCS and scattered
long setae. Posterior trochanter unarmed. Posterior
femur armed basally with 4 small teeth before middle
and a large curved spine beyond middle followed by 5
or 6 smaller teeth decreasing in size distally. Posterior

tibia beneath armed along entire length with short stout

wuia UCIICAll QIINCQ QO CAiil T 1CAIERAL WaliL SA0IL S

teeth. Downcurving arolia of hind tarsi flattened dor-

SOvE ui‘aﬂy

Antennal formula I: II: III: IV; 0.55: 0.25: 0.33:
0.33.
Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3
Anterior 0.60 0.63 0.03 0.15 -
Middle 1.15 0.83 0.05 0.43 0.55
Posterior  0.85 0.85 0.03 0.03 0.18

Abdominal sternite VII distinctly carinate on mid-
line; sternite VIII carinate on midline basally, slightly
depressed on either side of carina. Parameres sym-
metrical, shape as shown in figure 110.

Length: mean = 261mm s = 0.14 N =10.
Width: mean = 0.87mm s = 0.02 N =10.

Macropterous male. Coloration and most structural
characteristiscs similar to apterous male. Wings deep

emnlzy brownish black, veins nrominent Pvtpndlng

SIIIOR ViliSil Dialls, VCiiis TOIINIICIE, CAcilaid

past tip of abdomen (Fig. 108); subcostal and medial

...... | 'SP | et w mrndannta lanmath catan. b £~

1 T3
VClllb UdBdll)’ SCL Wll.ll mouclialc lcllslll scuac, Wlul 1vUui

closed cells extending onto distal half.

Length: mean = 3.03mm s=20 N= 1.
Width: mean = 1.11mm s=0 N= 1

Apterous female. Coloration and hairiness similar to
male. Connexiva slightly raised; not sinuate or hirsute.
Proepisternum with minute black denticles, difficult to
see against dark background. Posterior femur un-
armed, or at most armed with 1 or 2 small teeth beyond

j T. Polhemus and D.A. Polhemus: Rhagovelia

c1_oan
I‘dgtb 101—'40U

distal 2/3. Posterior tibia unarmed. Abdomen not car-
inate; distally not modified; connexiva distally termin-
ating in a short acute angle, not produced. Tergite VIII
on same plane as VII; proctiger projecting posteriorly.
Length: mean = s = 0.04 N =10.
Width: mean = 097mm s =0.038 N =10.

I

N
o
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3
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Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,
Sarawak: 7 km. N. of Tebakang, CL 2043, VIII-9-1985,
J. T. & D. A. Polhemus (USNM).

Paratypes as follows: (All apterous unless other-
wise noted): EAST MALAYSIA, Borneo, Sarawak: 16
males, 6 females, same data as holotype (JTPC); 4
males, 1 macropterous male, 2 km. W. of Tubeh, CL
2047, VIII-9-1985, J. T. & D. A. Polhemus (JTPC); 6
males, 20 females, 1 macropterous female, Kampung
Tapuh, 300-450 m. (985-1475 ft.), VII-10-58, T. C. Maa
(BPBM). WEST MALAYSIA, Selangor: 4 maies, 3 fe-
males, Templar Park, N. of Kuala Lumpur, CL 2070,
VIII-17-1985, J. T. and D. A. Polhemus (JTPC). WEST
MALAYSIA, Perak: 5 males, 1 female, Kerunai River,
9 km. N. of Grik at bridge, CL 2078, VIII-19-1985, ]J.
T. & D. A. Polhemus (JTPC).

Discussion. Rhagovelia sondaica n. sp., along with
Rhagovelia femorata Dover, Rhagovelia samarinda n. sp.,

Phngmmhn sarawakensis n. sp. and Rhagovelia fo}mbn'ng n.

OQUCLE SEIRWERCTISIS L AQ NRREEOVCLL 006

sp. comprlse the Rhagovelm samwakenszs group of which
Uuly sondaica is Wluéspi‘eau; see notes under R. samarin-
da. Rhagovelia sondaica may be separated from the other

members of the group by the characters given in the

grave reservations. Lundblad apparently d1d not study
Dover’s type material, which was said to be in the
Federated Malay States Museum, and because Dover

identified mixed series as being this spec1es there was

considerable douht that the Tava snecimens. identified
ConsIGEratie GCUDT Laatl ik java Spaindcils, 1CCNuiea

by Dover as femomta and redescribed as such by Lund-
Uldu, WETE COi‘lSpECulL with the spec1es Dover described
from Klang Gates (in the city of Kuala Lumpur, Malay-
sia). Very fortunately type material was found in the
British Museum (Nmnrzl Hmrnrv\ it consisits of two

specimens, both femomta males, one 'from Sungai Jahan
LN oa 1 twrnn??

1 “r. thao ~athoar firarm tha tuna_lacalisy
1apeuea as uULUL)’PC > tne otner irom tne Lypv lU\.alll,y

at Klang Gates labelled as “type”; our label has been
added to the iatter designating it as the holotype. it does
not match Lundblad’s concept of the species.

Dover’s original description states that femorata is

Llo il cercnet Fr nnsbnin afsrntizrng thot cra wwhita which
ViaCK\ CALCPL 1U1 LTI LAlll DL1ULLULICD uiat alv ywiiile, wiuli



190 INSECTA MUNDI

Vol. 2, nos. 3 & 4, Sept./Dec. 1988

he carefully lists; among these white structures we do
not find the middle coxae, thus they should be dark and
in the type they are. We collected Rhagovelia species at
several localities in the vicinity of Kuala Lumpur and
found three closely related species there. One of these
matches Lundblad’s redescription of femorata, with
light colored coxae, which we believe is the new species
sondaica described here; another is Lundblad’s Rhag-
ovelia sumatrensis; the third species with dark middle
coxae is Dover’s femorata, a species easily separable from

the others by the broad and distally truuncate male
wiC Quilis Oy Wil 0i0alG allG Gistaduy rulilaic iia:c

parameres in contrast to distally narrow parameres in
sondaica and sumatrensis. Thus Lundblad’s “femorata”

refers to sondaica or a closely related species. We have
so far been unable to study the material from Java upon
which Lundblad based his dmrv-pf-nn, but it will

probably prove to be sondaica. This species is named for
the Sunda Islands.

Rhagovelia sarawakensis,

malr ananiaa

1ITVW OpMTVITO

Figures 128-133

Description. Apterous male. Ground color black; ab-
dominal tergites black. Anterior transverse band on
pronotum orange brown, extending laterally to inner
eye margins. Venter black; lightly embrowned on coxal
cavities and mesosternum. Legs and antennae black ex-
cept basal third of antennal segment I, basal half of
anterior femur, basal fifth of hind femur, all coxae and
trochanters, leucine. Pronotum short, length much less
than that of an eye; length:width, 0.15: 0.80. Length of
mesonotum on midline, 0.55; length of metanotum on
midline, 0.08. Abdominal tergites I-VI increasing in
length posteriorly, lengths of I, 0.10; II, 0.13; III, 0.15;
IV-V, 0.18; VI, 0.20; VII, 0.28.

prnnpmfnrnnm nnth minute black denticles’ dlf-

11200 Dials

ficult to see against dark background. Head with jugum
not broadened. Dorsum clothed with very short recum-
bent setae and scattered longer setae. Venter clothed
with short recumbent setae. Legs and antennae clothed
with short golden setae and usual spines and scattered

long setae. Posterior trochanter unarmed. Posterior

foamur armed hasally with 10 t5 19 emall teeth increas-
ICMUr armead oasany wilil 1v 10 14 Smiaqa 1e8in Indreas

ing in size distally and a large spine at middle followed
by 2 to 4 smaller spines decreasing in size distally.
Posterior tibia beneath armed along entire length with
short stout teeth. Downcurving arolia of hind tarsi flat-

tened dorsoventrally.

Antennal formula I: II: III: IV; 0.63: 0.33: 0.33:

n ao®
U.00.

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3

Anterior 0.70 0.68 0.03 0.13 -
Middle 1.20 1.00 0.05 0.45 0.60

Posterior  0.93 0.93 0.03 0.03 0.20.

Abdominal sternite VII not carmate, sternite VIII

denressed hagallyy Paraome
GEPIressCaG vasauny. raramc

shown in figure 129.

Length: mean = 276 mm s = 0.08
Width: mean = 0.87 mm s = 0.02 N =10.

Macropterous male. Unknown.

Apterous female. Coloration and hairiness similar to
male. Connexiva raised, reflexed over fPrgirP VII;

thickened along tergites III-IV, set with stiff black
puatcuuuy directed setae au‘)i‘ig inner xucusnu, setae
longer along tergites VI-VIII. Proepisternum with
minute biack denticies. Posterior femur armed with 3

small teeth thnnd middle. Posterior tibia unarmed.

Abdomen not carinate; distally not modified; con-

nexiva distally terminating in a chart acnte ancola

1icaiva ulﬂl.ally w1 llllllﬂl-llls 111 a BLIUIL acLuile allsl\,, llUL

produced but with a posterodorsally projecting tuft of
XYYYY Xr¥YyY

S[lII setae. 1 ergl[e vViiion SdIIlC pldIlC as vii; pI OLngCT
projecting posteriorly.

Length: mean 2.75 mm s = 0.06

Width: mean = 008 mm s = 0.03

LA RIO IS PO 1~ ) V.O0 Tihi V.S
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Macropterous female. Unknown

Material examined. Holotype, apterous male, and al-
lotype, apterous female: EAST MALAYSIA, Borneo,

1OLY P, apieions iLillall., LAS 2 w.AXloln, 2Oorco

Sarawak: 20 km. SE of Sematan, CL 2051, VIII-9-1985,
J. T. & D. A. Polhemus (USNM).
Paratypes as follows (all apterous): EAST MALAY-

SIA, Sarawak, Borneo: 17 males, 39 females, same data
as hn]ntypp (JTPC); 4 males, 3 females, 4 km. S. of

1201

Tebakang, CL 2044 VIII-9- 1985 J. T. and D. A. Pol-

_______ [PUGEY | QPSS

hemus U T rb), 2 umlca, 1 female, small stream 8 8 k. S.
of Tebakang, CL 2045, VIII-9-1985, J. T. and D. A. Pol-

hemus (JTPC); 1 female, 8 km. S. of Tebakang, stream
disannearing into cave, CL 2046, VIII-0-1985, ] T. and

Preaiiilg Ao av vill JOJ

D. A. Po lhemus (JTPC); 1 male, 4 females, Kampong
Diinlh T sinn s Nigt ‘II Y to VI_19_KQ ‘T‘ F Maon
rucn, Lunau wvis, -0 Vi-14-00, viaa
(BPBM).

Discussion. Rhagovelia sarawakensis, along with Rhag-
ovelia samarinda n. sp., nngavelm sondaica n. sp. and
Rhagovelia tebakang n. sp. comprise the Rhagovelia sara-
wakensis group in Borneo of which only sondaica is
widespread; see notes under R. samarinda. The charac-
ters given in the key will separate Rhagovelia sarawaken-
sis from the other members of the group. The species

name is derived from the country of origin.

J.T. Polhemus and D.A. Polhemus: Rhagovelia

ragca lUl—AOU



Vol. 2, nos. 3 & 4, Sept./Dec. 1988

INSECTA MUNDI 191

Rhagovelia sabela,
new snecnes

F|gures 46-53

Description. Apterous male. Ground color orange

hrawn: ahdaminal tarocitag cama Antarinr tranguarca
OIrowil; aoGoimiinad: WCrgitcs samc. AnCrior wransversc

band on pronotum light orange brown, extending
laterally onto propleura. Venter yellowish to orange
brown. Legs and antennae luteous to yellowish,
darkening distaily, becoming deep brown on distal seg-
ments. Pronotum short, length subequal to that of an
eye; length:width, 0.30: 1.00. Length of mesonotum on
midline, 0.45; length of metanotum on midline, 0.13.
Abdominal tergites I-VI subequal in length (0.20-0.23);
tergite VII longer (0.33).

Proepisternum, mesosternum and metasternum
laterally with minute black denticles. Dorsum clothed
with very short recumbent setae and scattered longer
setae. Venter clothed with short recumbent setae. Legs
and antennae ciothed with short golden setae and usual
spines and scattered long setae. Posterior trochanter
armed with 6 or 7 small to moderate size teeth.
Posterior femur armed basally with 12 to 14 small teeth
reaching large spine before middle, which is followed
by 6 or 7 smaller spines decreasing in size distally in one
row, and a more anterior row of 9 smaller teeth.
Posterior tibia beneath armed along entire length with
many short stout teeth. Downcurving arolia of hind
tarsi flattened dorsoventrally.

Antennal formula I: IT: III: IV; 0.85: 0.45: 0.55:
0.50.

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal 3
Anterior 0.95 1.00 0.03 0.30 -

Middle 1.53 1.48 0.05 0.40 0.65
Posterior 1.40 1.40 0.03 0.13 0.33

Abdominal sternite VI
raised mm’lmllv on distal half; s

/II not carinate, weakly
sternite VIII rlpnrpupd

basally on each side of a short median carina. Para-

meres symmetrical, shape as shown in figure 49.
Length: mean = 3.32mm s = 0.09 N =10.
Width: mean = 127mm s =005 N =10.

Macropterous male. Unknown.

Apterous female. Coloration and hairiness similar to
male. Connexiva slightly raised, not reflexed, sinuate
or modified. Minute black denticles on venter as in

male. Posterior femur armed with 2 small spines before
middle, 1 stout spine beyond middle followed by 5 small

HUUIC, 1 5wWWUL Spiiil ULy UG HUUUIT 1U0uUWiU Uy U Siliain

teeth decreasing in size distally. Posterior tibia armed

beneath along entire iength with short stout teeth.
Abdomen not carinate; distally not modified; con-

nexiva distally terminating in a short blunt angle, not

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

produced, with a posteriorly projecting tuft of stiff
setae. Tergite VIII on same plane as VII; proctiger
projecting posteriorly.

Length: mean = 345mm s = 0.13 N =10
Width: mean = 1.38 mm s = 0.04 N =10

Macropterous female. Coloration and hairiness sim-
ilar to apterous female. Pronotum hrnarllv rounded

posterlorly, not produced, yellow brown along pos-

B D P T ey Al drcnni and ~nnnavioa Aiqealle,
LC11vu1l 1iail slll AUUuULLIIC1L aliu LUllllCAlVd umtauy as 111

apterous form; abdominal carinae reachmg onto base

OI [erglte 1V. ngs Smoky gray DrOWn ugnter Dasauy,
veins dark; long, thenrlma hevond rlp of abdomen.

CIlI1S 10118, exX1cilCGinl aoInecr

Length: mean = 3.74mm s =0 N= 1.
Width: mean = 1.41mm s=20 N= 1

Material examined. Holotype, apterous male, and al-
lotype, apterous female: INDONESIA, Bacan, Maluku
Prov., Kab. Maluku Utara: upper Gambasuli River
trib., Mt. Sabela, CL 2139, 450 m. (1480 ft.), IX-26-1985,
J. T. & D. A. Polhemus (USNM).

Paratypes as follows (Unless otherwise noted, all
apterous, all collected by J. T. and D. A. Polhemus,
JTPC): INDONESIA, Bacan, Maluku Prov., Kab.
Maluku Utara: many males and females, 1 macro-
pterous female, same data as holotype; many males and
females, same locality as above but 700 m. (2300 ft.), CL
2140, IX-25-1985; many males and females, same
locality as above but 900 m. (2950 ft.), CL 2142, IX-26-
1985; 3 males, 3 females, same locality as above but 350
m. (1150 ft.), CL 2146, 1X-28-1985; 3 males, 2 females,
2 nymphs, same locality as above but 250 m. (820 ft.),
CL 2148, 1X-28-1985; many males and females, Kam-
pung Wayamiga, 27-31 July, 1981, A. C. Messer
(USNM).

Discussion. Rharovelia sabela. R. obi n. s and R. b
Discussion. lumsuuvuu saveua, 1i. 0Ut ii. 5P. ailG £i. v

nensis n. sp. all share the same thoraa structure, €. g.
pronotum of medium iength, equai tl
greater than the length of an eve, exnosed mesonotum

Calcl iall L0 ICg 01 211 C7C, €apOscC It

as long or longer than pronotum The group formed
o1 this basis is so far known Oi’hy from LhC l‘v’lGldCC:’iS,
but an unnamed group with a similar thoracic struc-
ture occurs on New Guinea. Rhagovelia sabela may be
separated from the other members of the group by the

characters given in the key; it is the only orange brown

mamhar aftha orann The eneciege name. 2 nonn in an-
MICINOCT O Uil gi0up. 110 SpPClals fiaiiil, a iUuil i ap

posmon is derived from Gunung Sabela, the mountain
type 10(‘.aut'y' on Bacai.

This species was abundant in shaded streamlets
running through the undisturbed rain forests on Mt.
Sabela at elevations above 350 meters. The insects ap-
peared to especially prefer smoothly flowing pools with-

out CXLCBBIVC I uu1cuu;:
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Rhagovelia bacanensis,
new qnpmpq

Flgures 28-35

Description. Apterous male. Ground color black; ab-
dominal tergites saiie, Lergite Vil auiﬁiﬁs Anterior
transverse band on pronotum orange brown, not ex-
tending laterally beyond midddie of eyes, except in
teneral specimens sometimes extending onto pro-
pleura. Connexiva margined with yellowish, usually
only along tergites III-IV. Venter black, with dark
orange brown areas laterally Legs and antennae black-
ish u10Wu, uguu:l Udbdu)’, basal third of antennal se€g-
ment I, basal half of fore femur, most of posterior
femur, all coxae and trochanters yellowish. Pronotum
short, length subequal to that of an eye; length:width,
0.45: 0.90. Length of mesonotum on midline, 0.33;
length of metanotum on midline, 0.10. Abdominal ter-
gites I-VI subequal in length (0.15-0.20); tergite VII
ionger (0.38).

Proepisternum without minute black denticles.
Dorsum clothed with very short recumbent setae and
scattered longer setae, more numerous and longer
posteriorly. Venter clothed with short recumbent setae.
Legs and antennae clothed with short golden setae and
usual spines and scattered long setae. Anterior tro-
chanters beneath with a dense tuft of short stout setae
distally. Posterior trochanter unarmed or armed with a
few very small inconspicuous teeth. Posterior femur
armed basally with 23 to 30 small teeth reaching large
spine before middle, which is followed by another large
spine beyond middle and 6 or 7 smaller spines decreas-
ing in size distally in one row, and a more anterior row
of about 6 smaller teeth. Posterior tibia beneath armed
along entire length with many short stout teeth. Down-
curving arolia of hind tarsi flattened dorsoventrally.

Antennal formula I: IT: III: TV; 0.73: 0.45: 0.50:

0.45.
Proportions of Legs

femur tibia tarsal1 tarsal2 tarsal 3
Anterior 0.83 1.00 0.03 0.23 -

Middle 1413 140 008 080 N Aas
V.S

OIS 15O | % v.ouv v.OO

Posterior  1.33 1.28 0.05 0.10 0.30

Abdominal sternite VII strongly carinate on mid-
line; sternite VIII depressed basally. First genital seg-
ment widened posteriorly to accomodate lateral wings
of modified proctiger (Fig. 33). Parameres symmetri-
cal, shape as shown in figure 30.

Length: mean 3.13 mm s
Width: mean 113mm s = 0.03

Macropterous male. Coloration and most structural
characteristiscs similar to apterous male. Wings deep

0.07 N =10.
N =10.

smoky brownish black, veins not prominent, extending
past tip of abdomen; subcostal and medial veins basal-
ly set with moderate length setae; with four closed cells
PYtPnrllna onto distal half.

Length: mean = 3.42 mm s = 0.09 N =10.

Width: mean = 133mm s = 0.05 N =10.
Aptersus .ema!e. Coloration and hairiness similar to
male, terglte I1 shining medlally Connexiva raised,

[ cirmiiatae mmeddialls el

dllllUbl VEI Lll,dl, SHudaLc lllCUldlly, umLuu,uy' lllLul VCU
after tergite 111, margin yellow1sh glabrous along ter-
v "roeplsternum without minute black den-

gites ITI-IV.
ticles. Posterior femur armed with 1 stout qmne beyond

mlddle followed by 3 or 4 small teeth decreasnng in 51ze

dig DPhctarianr tibia armaoad banant a
ulal.a.uy rOSIErior iioia armeG ofncain a

length with short stout teeth.

Abdomen not carinate; distally not modified; con-
nexiva and tergite VII distally terminating in dense
brush of long curved setae. Tergite VIII depressed,

anpat nntiman trrrnad vantno

PR A | b conenal A
lllUUCu UCllCdLll BCtdC, l)lULLlBCl turnea ventraa.

Length: mean = 326 mm s = 0.12 N =10.
Width: mean = 128 mm s = 0.05 N = 10.

Macropterous female. Coloration and most structural
characteristics similar to apterous female. Wings deep

smokv brownish black. veing not prnminpnf extending

smoky brownish black, veins not prominent, extendin
past tip of abdomen ; subcostal and medial veins basal-
ly set with moderate length setae; with four closed cells
extending onto distal half. Wings spread in one spec-
imen, exposing dorsal abdominal carinae that extend
to nnctemor _m__a_rgrm oftermte IT1. Connexiva not raised,
not sinuate, not modlﬁed, with tufts of long setae CllSt—
ally. Tergites V-VIII brown medially, tergite VII with-
out setae posteriorly, tergite VIII turned slightly

ventrad.

length: mean= 382mm s= 017 N =10.
Width: mean = 1.39mm s = 0.07 =10.

Material examined.

latune anternig an
ULy PO, dpiliUus it

qln
Prov., Kab. Maluku Utara: river 3 km. S. of Labuha,
CL 2134, 50 m. (160 fi.), IX-23-1985, j. T. & D. A. Pol-
hemus (USNM).

Paratypes as follows: INDONESIA, Bacan,
Maluku Prov., Kab. Maluku Utara (all collected by ]J.
T. & D. A. Polhemus, JTPC): many apterous males and
Iemdle&, O md(,rop[erous IIldle, 4 mduoptélous IC'
males, same data as holotype; 3 apterous males, Babang
to Desaua Road, CL 2136, 1X-24-1985; many apterous
males and females, 1 macropterous male, stream 8 km

N. of Desaua, CL 2137, IX-24-1985; 3 apterous males,
1 apterous female, 1 macropterous male, 2 macrop-
terous females, upper Gambasuli River, rushing

\

tributary, Mt. Sabeia, CL 2145, 410 m. (1340 ft.), IX-28-

Holotype, apterous male, and al-
I IDONESTIA Racan. Maluki:

NA NS/ iN DD, Sdldill, ivadiunu

J.T. Polhemus and D.A. Polhemus: Rhagovelia

n . 101 _0an
rages: 101—-495V
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1985; many apterous and macropterous males and
females, upper Gambasuli River, Mt. Sabela, CL 2146,
350 m. (1150 ft.), IX-27- 1985; 7 apterous males, 9 ap-

terous females. 3 macronterous males. 2 macronterous

LCTOLS ICTIALSS, &0 TACTOPICTONS T1AALCs, £ aLiopieio

females, same as CL 2146 but 250 m. (820 ft.), I1X-28-
1985.

Also the following paratypes (all collected by A. C.
Messer, in JTPC, USNM): INDONESIA, Halmahera,
Malukn Prav., Kab. Maluku Utara: many apterous

males and females, 1 macropterous male, 3 macro-

nterous females, Tailolo Dist., Tikolano (Kaoc Rav), 4-5
Prerous ifmails, jaulio L18t., jiKG:alls (KAl 5ay), x-

June 1981; many apterous males and females, Kao Dist.,
Kao River Basin, Air Kanan, Kampung Tuguis, 1-15
Apr. 1981 (Messer & P. M. Taylor); many apterous males
and females, Jailolo Dist., Kampung Pasir Putih, 0°
B3N, 127° 41'E, Feb. 1981 (Messer & P. M. Taylor). IN-
DONESIA, Morotai, Maluku Prov., Kab. Maluku
Utara: many apterous males and females, Cao Besar,
10 km. SE of Daruba, 25-31 Aug. 1981. INDONESIA,
Bacan, Maluku Prov., Kab. Maluku Utara: 7 apterous
males, 2 anterous females, 1 macropterous female,

....... aprios L34S Aiact ous IcIndalc,

Kampung Wayamlga, 27-31 July, 1981.

Discussion. Rhagovelia sabela, R. obi n. sp. and R. baca-
nensis n. sp. all belong to the group having the pro-
notum of medium length (see discussion under R.
sabeia). Rhagovelia bacanensis is very ciosely reiated to R.
obi n. sp., differing in the morphology of the female
connexiva, abdominal tergite VII, and the armature of
the hind femora; see key. The species name is derived
from the type locality, Bacan island, but this species is
also distributed on nearby Halmahera and Morotai is-
lands as well.

The type locality was a swift clear river, shaded
only along the margins, which came down to the sea
just beyond the Labuha police station through a wide
bed of gravel and metamorphic boulders. R. bacanensis
was abundant here in quiet pockets along the banks and
in sheitered areas behind iarge rocks.

Rhagovelia obi,
new species
Figures 36-42

Description. Apterous male. Ground color black; ab-

Anmminal tarcita o ta UIT chi A 3
aominai er ghcs samc, Lei"giu‘.‘ Vi o..mmg Anterior

transverse band on pronotum orange brown, evanes-
cent or much darker lateraily beyond midddie of eyes,
except in teneral specimens sometimes extending onto
propleura. Connexiva margined with yellowish. Venter
black, with orange brown areas laterally. Legs and an-
tennae blackish brown, lighter basally; basal half (basal
1/3 dorsally) of antennal segment I, basal 2/3 of fore
femur, basal half of middle femur, most of posterior

J.T. Polhemus and D.A. Polhemus: Rhagouvelia
Pages: 161-230

femur except dorsally, all coxae and trochanters yel-
lowish. Pronotum short, length subequal to that of an
eye; length:width, 0.50: 0.93. Length of mesonotum on

midline, 0.30; length of metanotum on midline, 0.13

CAAE, VLU, it O IACRAIO R R ARG, VAo,

Abdominal tergites I-VI subequal in length (0.18-0.20);
tergite VII longer (0.38).

Proepisternum without minute black denticles.
Dorsum clothed with very short recumbent setae and
Q(‘ﬂl’ff‘rf‘d l(mg'er setae, more numerous and long‘er on

abdominal tergites. Venter clothed with short recum-

bent setae. Legs and antennae clothed with short gold-

en setae and usual spines and scattered long setae.
Anterior trochanters beneath with a dense tuft of short
stout setae distally. Posterior trochanter armed with 5
very small dark teeth. Posterior femur armed basally
with about 10 small teeth reaching large spine before

middle, which is followed by another large spme
hovand middle and 8 or 7 smaller enine.

uu)uuu lllluulL auu v UL Dlllall\.l BPLII\.Q d\-\,l \.ﬂDllls lll
size distally in one row, and a more anterior row of 3
or 4 smaller teeth. Posterior tibia beneath armed along
entire ]enath_ with many short stout teeth. Downcurv-

ing arolia of hind tarsi flattened dorsoventrally.

Antennal formula It II: III: IV; 0.75: 0.43: 0.50:

0.43.

Anterior 0.80 0.85 0.03 0.18 -

[V R PRIPN 44N 4 Nna n nc necn nan
wviiaaie 1.4V 1.Vo V.Uv V.oV V.00

Posterior  1.30 1.15 0.03 0.08 0.25

Abdominal sternite VII strongly carinate on mid-
line; sternite VIII depressed basally. First genital seg-
ment widened posteriorly to accomodate lateral wings
of modified suranal plate, similar to bacanensis. Para-
meres symmetrical, shape as shown in figure 38.

Length: mean = 3.15mm s = 0.07 N =10.
Width: mean = 112mm s = 003 N =10.

Macropterous male. Unknown.

Apterous female. Coloration and hairiness similar to
male, tergite VIl not shining medially. Connexiva
raised, vertical to slightly reflexed along tergites IV-
VII, sinuate medially, distinctly incurved after tergite
III, margin yellowish, glabrous along tergites III-IV.
Proepisternum without minute black denticles. Pos-
terior femur armed with 1 stout Splﬂe ueyonu middle
followed by 3 or 4 small teeth decreasing in size distal-
ly. Posterior tibia armed beneath along entire length
with short stout teeth.

Abdomen not carinate; distally not modified; con-
nexiva and tergite VII distally terminating in dense
brush of long curved setae. Tergite VIII turned ven-

trad, hidden beneath setae; proctiger turned ventrad.
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Length: mean 0.09 N =10.
Width: mean 0.04 N =10.

Macropterous female. Coloration and most structural
characteristics similar to apterous femaie. Wings deep
smnkv brownish black, veins not nrnmmPnr PYrPndma

past tip of abdomen; subcostal and medial veins basal-

3.39 mm S
1.27 mm s

I
I

1o cot ¢ madarata langth catan. voie ITIPN PAOP-us Rpa | Y

ly SCL Wth muvuciawc lCllsLll BCLGC, Wllh fUul CludCuUu LI
extendmg onto distal half. Connexiva with tufts of long
setae distaily. Tergites V-VIII brown mediaily, tergite
VII without setae posteriorly, tergite VIII turned

slightly ventrad.

SR, Ana ~

Length: mean = 3.64 mm s=20 N= 2

Width.: mean = 134mm s= 004 N= 2.
Material examined. Holotype, apterous male, and al-
lotype, apterous female, INDONESIA, Obi, Maluku
Prov., Kab. Maluku Utara: 12 km. SW of Jikodolong on
logging road, VIII-5-1985, A. C. Messer (USNM).

Paratypes: many apterous males and females, 2

macropterous females, same data as holotype (USNM,
JTPC).

Discussion.

Rhagovelia sabela, R. obi n. sp. and R. bacanensis n. sp. all
belong to the group having the pronotum of medium
iength (see discussion under R. sabeia). Rhagovelia 0bi is
very rlncp]v related to R. bacanensis n. sp. dlfTerma in

the morphology of the female connexiva, abdominal
tergite VII, and the armature of the hind femora (see
key). The species name is derived from the type locality,
the island of Obi, to which this species appears to be
endemic.

........ - -

Rhagovelia hamdjahi,
new species
Figures 134-140

Negorintian nterous male
2esCriptlion. ny; us ma:e. Lroun

dominal tergites black, not shining; anterlor transverse
band on pronotum orange brown, narrow (width about
1/2 of eye length), short, reaching inner eye margins.
Venter black, sternite VII medially and genital seg-

ments brown; coxal cavities luteous. I egs and antennae

dark brown except all coxae, all trochanters, basal third

QQQQQQ 1 ceogment Logal ehind AL L vn Laviszr g

Ul dlltcllllal 3cslllcllt L, vadai Lllllu VUl 1U1C 1C111ul, PUB'
terior femur basally beneath, leucine to yellow brown.
Pronotum long, covering mesonotum; length:width,
0.98: 1.08. Length of metanotum on midline, 0.10. Ab-

dominal tergltes I-VI subequal in length (0.18-0.23),
PSRN V4 § T PP N AN
I glLC Vil lUllgCl \V.10).

Proepisternum with many minute black denticles.
Dorsum clothed with short appressed golden pubes-
cence and scattered longer setae. Venter clothed with

very short pubescence. Legs and antennae clothed with

usual spines and scattered long setae. Posterior tro-
chanter armed with 4-8 small dark teeth. Posterior
femur armed with about 20 tiny dark teeth basally in
one row reaching almost to the large median spine,
which is followed by 7 or 8 smaller spines decreasmg in
size distally, and a more anterior scattered field of 5 to
10 small dark teeth beginning before middle. Posterior

tibia beneath set along entire length beneath with a row
of short flattened black teeth, plus a few others scattered

in a parallel row. Downcurvmg arolia of hind tarsi flat-

ad noreas Aigealls

s r2an M 1
wiicu, ualxuwnus ulDLdll)’

Antennal formula I: II: III: IV; 0.93: 0.45: 0.55:

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal 3

440 n nc nan
A9 V.vv

1 V.oV -
Middle 1.68 1.40 0.08 0.55 0.68
Posterior 1.35 1.43 0.08 0.13 0.33

~eminnal ctarnita V) R NS Y o PRSP ) R

Abdominal sternite VII sli g 1t ')" flattened ucucal.u,
slightly depressed on each side of midline posteriorly,
not significantly modified, not carinate; sternite VIII
long, ventrally weakly carinate basally on midline,
slightly depressed on either side of carina, each depres-
sion thickly set with a field of regularly spaced tightly
appressed short setae. Parameres symmetrical, shape
as shown in figure 136.

Length: mean = 3.61 mm s = 0.05 N =10.
Width: mean = 124mm s= 003 N =10.

Apterous female. Abdominal tergites III-VI almost
hair free and somewhat depressed; tergites not shin-
ing. Connexiva raised, very slightly sinuate, not mod-
ified, brownish along margin. Otherwise coloration and
hairiness as in male. Proepisternum with many minute
black denticles. Middle femur dorsoventrally flattened,
particularly beyond middle; posterior femur curved,

Aarenventrally flattanad armed with ane maoderate
QOrsoveinirany naiulinéa, arméa wiin Ondé modacraid

length spine situated well beyond middle and at the
posterior edge of the ventral face, followed by 3 or 4
smaller teeth of decreasing size distally, and several tiny
teeth scattered anteriorly to this primary row. Posterior
tibia unarmed, without pegs or teeth.

Abdomen distally slightly prolectmg, connexiva
(ustauy truncaie, set with a postél“iorry' direcied tuft of
stiff black setae. Tergite VIII slightly directed ventrad,;
proctiger deflected ventrad at about a 45° angie.

Length: mean = 3.78 mm s = 0.12 N =1
Width: mean = 1.41mm =003 N=1

PO PR ala Oalavas

Macr opterous 1emaie. Lo10ration ana
characteristics as in apterous females. Dorsal setae on
pronotum longer on posterior margin. Pronotum pro-

L
3
)
n
£y
)
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=
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J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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longed posteriorly, margins straight, forming almost a
right angle but rounded posterioly; humeri not pro-
duced. Wings broken off at base. Connexiva only slight-
ly raised.

Length: mean = 3.69mm s=0 N= 1.
Width: mean = 1.52 mm s=0 N= 1.
Material examined. Holotype terous male and al-

...... Managnh Duney Koh Nanooala: gtranm 10 1 cr
WCDI Lcusau 41UV, lXaU UUIISS ld. dLiClaAlll 1V IN1l1l. UL
of Kamarora, Lore Lindu Nat. Park, 950 m. (3120 ft.),

ra ollows a
females 1 macropterous female, same data as holotype
GTDI‘)‘

Discussion. Rhagovelia hamdjahi females are unique in
having both the middle and hind femora flatttened,
with the latter curved and the primary row of spines lo-
cated at the posterior edge instead of medially on the
ventral face. The males are characterized by having
sternite VII flattened and weakly depressed on each
side instead of medially carinate as in related species.
This species is named in honor of Mr. Hamdjah, who
assisted with field logistics during our stay in central
Celebes.

The type series was taken along the margins of a
rushing stream heavily shaded by primary montane
rain forest in the upper reaches of the Palolo Valley. R.
lorelinduana n.sp. was also present at this locality, but
preferred more shaded and less swiftly flowing sections
of the stream.

Rhagovelia unica,
new species
Figures 43-45

Description. Apterous female. Ground color dark
gray to gray brown; abdominal tergites same, exten-

..... I, mrrinacn: connaviva hraodly marainad woith val
SivCiy pruiiiose; COMNNcXiva ordadry marginca wilii y<€i-

lowish; anterior transverse band on pronotum
yellowish, broad, not extending laterally beyond the
middle of each eye; entire pronotum pruinose. Venter
brown to gray brown; coxal cavities broadly orange
brown. Legs and antennae brown to dark brown ex-
cept basally, basal third of first antennal segment, basal
2/8 anierior femora, anterior and pOStt‘:i‘iOi‘ trochanters
and coxae luteous to light brown; middle coxa and
trochanter, basal half of posterior femur infused with
yellowish. Pronotum long, covering mesonotum;
length:width, 0.90: 1.30. Length of metanotum on mid-
line, 0.13. Abdominal tergites I- V subequal in length
(0.23-0.28), tergites VI-VII longer (0.33, 0.43), not
shining.

] T. Polhemus and D.A. Polhemus: Rhagovelia

c1_oan
rasca lUl—AOU

Proepisternum set with a few minute black den-
ticles, extending dorsally on prothorax to behind eyes.
Dorsum clothed with short appressed pubescence and
scattered longer setae on head and abdomen. Venter
clothed with short appressed silvery setae and a few
longer setae. Legs and antennae clothed with short
setae and usual scattered long setae, posterior femur
with a number of long setae posteriorly. Posterior tro-
chanter unarmed. Posterior femur armed with one
stout spine at middle followed by 9 smaller spines dis-
tally Posterior tibia beneath set along entire length with
black teeth. Downcurving arolia of hind tarsi long,

slender.
Antennal formula I: II: III: IV; 0.98: 0.48: 0.53:

0.48.
Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3
Anterior 1.038 1.08 0.03 0.30 -

Middle 1.68 1.38 0.08 0.58 0.73
Posterior  1.50 1.60 0.05 0.10 0.35

bOﬂHCXlVd bllgﬂ[ly ralsea Ddbdlly, VET mai aioug

tergites VII- VIII; slightly sinuate; set with long setae
along margin, more numerous along tergites VII-VIIL.
Abdomen distally truncate; connexiva distally
forming a small sharp angulate pI‘O_]CCthIl terglte VIII
OI11 same plduc as VII; pr OCtlgEi‘ direcied Ca‘liuau how-
ever the ovipositor lobes are exserted so the normal
orientation may be different.
Length: mean = 4.09 mm s=0 N= 1.
Width: mean = 1.57mm s=0 N= 1

Apterous male, macropterous male, macropterous
female. Unknown.

Material examined. Holotype, apterous female: IN-
DONESIA, Celebes, Sulawesi Utara Prov., Kab. Bo-
laang Mongondow: Tumpah River tributary, Dumoga
Bone Nat. Park, 0° 35°N, 123° 54’E, CL 2101, 23&
(770 ft.), water temp. 22.30° C., IX-5-1985, J.

A. Polhemus (JTPC).

Discussion. The broadly yellow connexiva with long
setae on the margin set this species apart from any other
known from the region. Only the unique female is thus
far known, so the position in the key may change once
males are known. The name is derived from unica, L.,
only, sole, singular.

5m
& D.

'_] N

98

Rhagovelia pruinosa,
new species
Figures 149-157

Description. Apterous male. Ground color dark gray

P LioAl. LA 1 Lame avtanaivals
w vialn, aoaominar ter Eucn Saiic, Calcisivary

pruinose; anterior transverse band on pronotum
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orange brown, broad, not extending laterally beyond
the middle of each eye; entire anterior part of pro-
notum pruinose. Venter black brown to brown; coxal
cavities broadly orange brown. Legs and antennae dark
except basally, basal third to half of anterior and
posterior femora, all trochanters and coxae luteous to
light brown. Pronotum long, covering mesonotum;
length:width, 0.80: 1.05. Length of metanotum on mid-
line, 0.10. Abdominal tergites I-VI subequal in length
(0.20-0.25), tergite VII longer (0.43), shining medial]y

Proenisternum, much of venter, coxal cavities

L20Cpasicinni, il O VOIICT, COxar Laviulds,

bucculae, set with many minute black denticles. Dor-
sum clothed with short appressed pubescence and scat-
tered longer setae on head and abdomen. Venter
clothed with short appressed silvery setae and a few

Ir\nn‘nr setae., Tpn‘c 'Jnr] Qnrpnn')p clothed wi short
0I01gC SCL 14 antennae cothed with short

setae and usual scattered long setae. Posterior tro-
chanter armed wiith 4 black teeth. Posterior femur
armed with one stout spine at middle followed by about
6 smaller pegs, and a second parallel row of about 5

ema"pr‘ I’\Pg( ﬂﬂfPTInY’ f{'\ ﬁrcf row, P(\QfPY‘;nY‘ ";}'\;2

Siiiqacl aillliives ISy 10 OS]0 ulia

beneath set along entire length with black teeth.

Nawwncnrving aralio Afhind avai Ians glanda
LOWICUr ViIig al Oiia Or nina tarsi 1011g, S1ICNAcr.

Antennal formula I: II: III: IV; 0.70: 0.40: 0.45:

0.45.
Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3
Anterior 0.50 1.08 0.05 0.20 -
Middle 1.60 1.30 0.08 0.53 0.70
Posterior 1.43 1.20 0.05 0.13 0.33

Abdominal sternite VII set with a sharp projec-
tion (composed of stiff setae) at basal third, followed by
a median carina distally (figs. 149, 155); sternite VIII
not modified. Parameres symmetrical, shape as shown
in figure 156.

length: mean = 347 mm s = 010 N

Srigui. QN = 8.7 = . ™

Width: mean = 1.19 mm s = 0.04 N =1

Macropterous male. Similar to apterous form except

that nronotuim is lenothened canudad and rounded
tilar pPronviuin a5 anguiluld taulal, anl 1ounils

posteriorly. Dorsal abdominal carinae as shown in fig.
1=A4
104%.

Length: mean = 3.74mm s =008 N =10.
Width: mean = 1.41 mm s = 0.06 N =10.

Il
a

S5

Apterous female. Dorsum similar to male; abdominal
tergites not shining, largely hair free. Connexiva raised
along entire length; incurved, slightly expanded, flat-
tened and shining dorsally along tergites III-IV. Other-
wise coloration and hairiness as in male.
Proepisternum and venter with many minute
black denticles, similar to male. Middle femur some-
what flattened dorsoventrally. Posterior femur with a

moderate length (0.20) spine, followed by a row of 5
smaller spines decreasing in length distally. Posterior
tibia basally with a row of black pegs beneath. Abdomen
and connexiva distally truncate; tergite VIII on same

plane as VII; proctiger directed ventrad.

Length: mean = 358 mm s = 0.10 N =10.
Width: mean = 1.33mm s = 0.04 N =10.

Macropterous female. Coloration and most other
characteristics as in apterous females. Dorsal setae on
pronotum short. Pronotum not prolonged; humeri not

produced. Abdomen straight, not upturned or in-

curved., Wings long, extending well }'\pvnnd anex of a

YApS AURE, LALLAIRA -} VRS apta B aun
domen.
Length: mean = 3.75mm s = 009 N =10.
Width: mean = 144 mm s = 0.04 N =10.

Material examined. Holotype, apterous male, and al-
lotype, apterous female: INDONESIA, Celebes, Sula-
wesi Selatan Prov., Kab. Maros: Pattunuang River at
Biseang Labboro Rec. Area, 7 km. SW of Bantimurung,
CL 2165, X-13-1985, 0-100 m. (0- 330 ft.), ]. T. & D. A.
Polhemus (USNM).

Paratypes as follows: INDONESIA, Celebes, Sula-
wesi Selatan Prov., Kab. Maros (all collected by J. T.

and D. A. Polhemus I'T'P('\ manv anterous and mac-

ailQ SOICHIES, 5 2 T8, 1280 aplCious /128 s

ropterous males and females, same data as holotype; 5
apterous males, 3 apterous females, Maros River, Ban-
timurung Waterfall nature reserve, CL 2166, 0-100 m.
(0-330 ft.), X-13-1985; 13 apterous males, 4 macro-

pterous males, 7 apterous females, 5 macropterous
females, Marana River, nr. Laiya, 50 km. E. of Maros,
CL 2167, 450 m. (1480 ft.), X-14-1985. Also 1 macro-

pterous female paratype, Celebes, Stevens (NHRS).

Discussion. The sharp projection medially on sternite
VII of the males will immediately separate Rhagovelia
pruinosa n. sp. from its congeners. Females are distin-
guished by the peculiar shape of the connexiva along

nnnnnn TTIT_.TV Rath cavag ara characrtarizad hy tha av
ter su.ca 111-1 V. DOl STXES are {naralieriZzea Oy ik &X

tensive diffuse pruinose areas on the dorsum, which is
the basis of the species name.

The Pattunaung River at the type locality was a
series of slowly flowing rock rimmed pools bounded by
low limestone cliffs, and set into a deeper limestone
canyon. The water was mostly unshaded, but was
cooled by inflows from springs that gushed from the
limestone walls of the channel. R. pruinosa occurred
here in very large numbers, in company with R. sula-
wesiana, Ptilomera laelaps Breddin, Cylindrostethus per-
sephone Kirkaldy, and many other genera and species

of Gerromorpha.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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Rhagovelia ambonensis
Lundblad
Figures 165-171

Rhagovelia ambonensis Lundbla

(9O1). 20N Tuyna_
\&1). OU. 2 YpPCT

Leiden)

Description. Apterous male. Ground color blackish
brown to black; abdominal tergites black, not shining;
connexival margins brown; anterior transverse band
on pronotum flavous to orange brown, broad, extend-
ing laterally to middle of eyes. Venter black except coxal
cavities, jugum of head, yellow. Legs and antennae dark
except basal 1/3 of first antennal segment, basal 1/2 of
fore femur, basal 1/4 of hind femur, all coxae and
trochanters, yellow. Pronotum long, covering meso-
notum; length:width, 0.73: 0.68. Length of metanotum

on m-r"tnn n]‘»l A]'\r‘nmn'\')‘ fnrrﬂfpc increasing in
O IiGaiil fg10i01058838vo3] 1Hal aualilasing i

length posterlorly from I (0.18) to VI (0.23), tergite VII
much longer (0.38).
Proepisternum without evident black denticles.

Dorsum clothed with inconspicuous appressed setae
and numaearous lone (0. 900 95) ctiff black cetae. Venter

Al LULLTIVUKS 1UE (V. 4V V.40 Stiil Uialn SCual. v i

clothed with moderate length coarse golden semi-
recumbent setae, scattered long black setae on sternite
VII. Legs and antennae clothed with usual short setae
and scattered long bristles, legs set with rows of long
stiff black setae. Posterior trochanter armed with 1 or 2

small black teeth. Posterior femur armed with 8 or 9

[=¥)

1933. Ark. Zool 28A

1t enine hafara mid.

small teath hacally nat reachine stor -
tUuL dtllll\a ULiIULL iU

Silidii ICTul Uaddiiy, 11Ul iTaliiiig 5

dle, which is followed by about 7 smaller spines decreas-
ing in size distally, and another more anterior row of 4
or 5 teeth beginning beyond middle. Posterior tibia
straight, beneath with a row of stout black pegs along

pnhrn lnnn-rh nnnrnrnr‘nr\n' arnha of hind tarsi slender
CwiCurvinlg arciia ol nma tars: sienaer,

flattened, shghtly widened dlstally
1. TYX7. N CE. N AN. N\ AF.
I‘\Ill.clllldl lUI nula I: 11. ].].]. 1V, U.00. U.49V. U.720.

0.40.

femur  tibia

Anterior 0.83 0.90 0.05 0.25 -
Middie 1.40 1. 0
Posterior 1.28 1.18 0.05

Abdominal sternite VII carinate on midline,
depressed on each side of carina; segment VIII
directed slightly ventrad, not modified. Parameres
symmetrical, shape as shown in figure 171.

Length: mean 3.34 mm s = 0.18 N

Width: mean = 1.18 mm s = 0.06 N

10.
10.
Macropterous maie. Coloration and most other char-
tacteristics as in apterous males. Dorsal setae on
pronotum long, scattered. Hind femora not as incras-

JT lhemus and D.A. Polhemus: Rhagovelia
P

sate as in apterous male, about 1.75 times the width of
middle femur. Pronotum not prolonged distally;
humeri prominent. Connexiva straight, margin set
with long black setae. Wings deep smoky gray black,
lighter basally, veins dark; extending to apex of ab-
domen.

Length: mean = 3.60 m s = 0.10 N =10.
Width: mean = 1.40m s = 0.04 N =10
Acbnsncse focnnls NAlavntinm and haoirinace mactls: ag
l‘lPl 1UUDd 1C11I4AIC, LUuldulaliull allu 114alliiicdd u.AUBLl)’ ad

male; dorsum black, without long setae except along
iateral pronotal margins and 6 to 8 long slender black
setae medially on mesonotum and on each of the basal

o tergites; abdommal tergites not shining, IV-VI al-
akad: hind femur lich n basal 1/6.

nost naked; hind femur light on basal 1/6

Proepisternum without minute black denticles.
Hind femur armed at middle with a moderate length
(0.18) spine, followed by a row of 4 smaller spines
decreasing in length distally. Posterior tibia with a row

Aaf hlack nasce heneath alang antire lanoth Conneviva
O1 Di1aCKk pegs dencatlnl aiong enure iEngin. Lonnéxiva

uptumed almost vertical along tergites V-Vl, meeting
over tergite VII, produced distaily as a triangular plate-
like structure. Abdominal tergite VII truncate distally
except connexiva; tergites VIII-IX deflected ventrad,
withdrawn into segment VII, barely visible in lateral
view.

Length: mean = 356mm s = 007 N =i0.

Width: mean 122mm s=0.05 N=10.
Macropterous female. Coloration and most other
characteristics as in apterous females. Dorsal setae on
pronotum long, scattered. Pronotum not prolonged
distally; humeri prominent. Abdomen straight, not up-
turned; tergites VIII-IX as in apterous female. Con-
nexiva straight, not incurved, margin thickly set with
long black setae; distally only slightly produced as an
obtuse angle set with black posteriorly directed setae.
Wings deep smoky gray black, lighter basally, veins

dark; extending to apex of abdomen.

Length: mean = 360mm s = 011 N =10.
Width. mean = 144mm s = 0.04 N =10.

Material examined. INDONESIA, Ambon, Maluku
Prov., Kab. Maluku Tengah: many apterous males and
females, 1 macropterous male, 1 macropterous female,
Amaori River NW of Ambon, CL 2150, X-2-1985, J. T.

& D A Palhemug: manv anterons males and females
&« L. A. roaaémus; many apt€rous maics and €maics,

1 macropterous male, Air Tengah Laha nr. Ambon Air-
port, CL 2151, 0-100 m. (0-320 ft.), X-3-1985, J. T. & D.
A. Polhemus; many apterous males and females, 16
macropterous males, 16 macropterous females, Wairea
River nr. Wairea, CL 2153, 50 m. (160 ft.), X-4-1985, J.

T & D. A. Polhemus; 1 apterous male, Ambon, XI-22-

1 TTDMN
llJ 1),

..;...
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Discussion. This species is most closely related to R.
sulawesiana, but may be separated by the key characters.
Apterous specimens are also similar in appearance to

Rhaoovelia l‘o]phofvl('n‘ althoucoh in a different aroun The

ARG UUCwle LOWCUDTWS, ailliDugil 111 a LautiCiil GiUup. 210

males of both of the latter species have a dense brush
of long posteroventrally directed setae medially on the
abdominal venter terminating on the base of sternite
VII, lacking in ambonensis. Females of ambonensis can be
separated from congeners by the nature of the con-

nexiva, especially the shape of the posterior projection.

Rhagovelia sulawesiana,

new species
Figures 158-164

Description. Apterous male. Ground color black; ab-
dominal tergites same, not shining; anterior transverse
band on pronotum yellowish, narrow, not extending
laterally beyond inner eye margins. Venter dark; coxal
cavities broadly margined with yellow. Legs and anten-
nae black except basal fourth of first antennal segment,
basal third of fore femur beneath, fore and hind tro-
chanters, all coxae yellow. Pronotum long, covering
mesonotum; length:width, 0.88: 1.00. Length of meta-
notum on midline, 0.13. Abdominal tergites increasing
in length posteriorly from I (0.13) to VI (0.20), tergite
VII much longer (0.45).

Proepisternum without minute black denticles.
Dorsum clothed with inconspicuous appressed setae,
with only two (1+1) long stiff black setae laterally on
pronotum. Venter clothed with long coarse golden
semi-recumbent setae, especially prominent medially
on mesosternum and sternites II-VI. Legs and anten-
nae clothed with usual short setae and scattered long
bristles; posterior femora with numerous long setae
beneath. Posterior trochanter armed with numerous
short slender golden setae; without black chrQ

Posterior femur armed with one long (0.20) stout spine
at middle followed by about 6 smaller spines decreas-
ing in size distally. Posterior tibia beneath with a row of
black pegs along entire length; dorsally with about 12

long stiff snines on distal half: rhqm“y with a fan of tinv

11g Sall Spalics O CIstal 22ail, Gasiall il a 1anl O3 247

curved flattened setae with dilated tips. Downcurving

PO, Lo PSRN PRV Nottnan

A
aroiia UL xuuu Larsi mcuucx 1natienea.

Antennal formula I: II: III: IV; 0.83: 0.40: 0.48:
0.35.

Proportions of Legs
femur tibia  tarsal1 tarsal2 tarsal 3
Anterior 1.00 0.83 0.05 0.25 -
Middle 1.60 1.20 0.05 0.55 0.68
Posterior 1.35 1.35 0.05 0.08 0.25

Abdominal sternite VII strongly carinate on mid-
line, excavate and shining on each side of carina; seg-
ment VIII directed slightly ventrad, basally carinate on

mu‘":np parqmprpc cvmmptﬂr‘ ' Qh'}th as chn\un 1n

2200, Taraintics Sy aitiiilas, siapt SIOWIL 2

figure 163.
Length: mean = 320mm s = 0.05 N =10.
Width: mean = 119 mm s = 0.03 N =10.

Macropterous male. Unknown

Apterous female. Dorsum black; abdominal tergites
not shining. Connexiva abruptly incurved along tergite
V, almost touching along tergite VI, slightly divergent
along tergite VII. Dorsum with scattered long stiff black
setae along lateral pronotal margins, and 6 to 8 long
slender black setae medially on mesonotum and on
each of the basal two tergites. Otherwise coloration and
hairiness as in male.

Proepisternum without minute black denticles.
Hind femur armed at middle with a moderate length
(0.15) spine, followed by a row of 5 smaller spines
decreasing in length distally. Posterior tibia with a row
of black pegs beneath along entire length. Abdomen
distally complex; tergite VII produced distally into a
posterodorsally directed lobe tipped with long black

setae; connexiva distally acute, set with stiff setae, Ter-

........................ QlUic, SCL Willl Suiif sciac

gite VIII directed ventrally, with posteriorly directed
tufts of stiff setae at posterolateral angles; proctiger
directed ventrally.

Length: mean = 3.34mm s =009 N =10.
Width: mean = 1.29 mm s = 0.04 N =10.

Macropterous female. Unknown

Material examined. Holotype, apterous male, and al-
lotype, apterous female: INDONESIA, Celebes, Sula-
wesi Selatan Prov., Kab. Maros: Pattunuang River at
Biseang Labboro Rec. Area, 7 km. SW of Bantimurung,
CL 2165, X-13-85, 0-100 m. (0-330 ft.), J. T. and D. A.
Polhemus (USNM).

Paratypes as follows: INDONESIA, Celebes, Sula-
wesi Selatan Prov., Kab. Maros: 8 apterous males, 18
apterous females, same data as holotype; 1 apterous
male, 7 apterous females, Marana River, near Laiya, 50
km. E. of Maros, CL 2167, 450 m. (1480 ft.), X-14-85, J.

and D. A. Polhemus (JTPC).

Discussion. Apterous specimens of this species super-

ﬁc1ally appear closely related to Rhagovelia celebensis n.

sn.. althouch thev are in different orouns. The males
Sp., aithougn tney are in ditferent groups. 1he males

of both spec1es have a dense brush of long pos-
teroventrally directed setae meluauy' on the abdominal
venter terminating on the base of sternite VII, the lat-
ter depressed distally.; males of sulawesiana may be
separated by the long a and narrow aspect of tergite VII

(length : basal width, 0.45: 0.25 in sulawesmna, 0.38:

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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0.33 in celebensis), and the row of clavate setae distally
on the hind tibia. Females of sulawesiana can be separ-
ated from all congeners by the fleshy lobe projecting
posteriorly from tergite VII. The species name is de-
rxved from Sulawesi, the Indone51an name for Celebes.

Notes on the Pattunuang River type locality are
given in the discussion under R. pruinosa, with which

this species was sympatric.

Rhagovelia celebensis,

AL amAanian

J1ICW OSpMELVICO

Figures 179-186

Description. Apterous male. Ground color black; ab-
dominal tergites black; anterior transverse band on
pronotum orange brown, narrow, laterally reaching
inner eye margins. Venter black; coxal cavities mar-
gined with luteous. Legs and antennae black except
basal 1/3 of first antennal segment, basal 1/4 of fore
femur, anterior and posterior coxae, anterior tro-
chanter, posterior trochanter basally, yellowish. Pro-
notum long, covering mesonotum; length:width, 0.80:
0.95. Length of metanotum on midline, 0.08. Ab-
dominal tergites I-VI subequal in length (0.15- 0.20),
tergite VII longer (0.38).

Proepisternum without minute black denticles.
Dorsum clothed with short dark recumbent setae, scat-
tered longer fine setae. Venter clothed with moderate
length golden recumbent setae, denser medially on ab-
domen, forming a posteriorly directed tuft projecting
over the base of tergite VII. Legs and antennae clothed
with usual spines and longer setae; posterior femur
beneath, fore tibia anteriorly, shaggy. Posterior tro-
chanter unarmed. Posterior femur armed beyond mid-
dle with one large spine followed by 5 smaller spines
decreasing in length distally, and a more anterior paral-
lel row of 5 or 6 small spines starting at distal 2/3.
Posterior tibia beneath armed along entire length with
small inconspicuous teeth, and an apical spur. Down-
curving arolia of hind tarsi flattened, expanded distal-

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal 3

Anterior 0.90 0.93 0.03 0.25 -
Middle 1.50 110 0.05 0.50 0.63

Posterior 1.25 1.30 0.05 0.10 0.30

Abdominal sternite VI depressed distally on each
side of midline, medially densely pilose (fig. 184); ster-
nite VII strongly carinate on midline, depressed on

each side of carlna sternite VIii carinate on mlCllll’lC,

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

directed ventrally at about a 30° angle. Parameres sym-
metrical, shape as shown in figures 181, 182.

Length: mean = 289mm s= 009 N =10.
Width: mean = 118 mm s= 004 N =10

carinae reaching nogtor: rort
Carinac readning posterior margin

£
black, sometimes lighter basally, with 3 closed cells in
distal hailf, extending beyond tip of abdomen.
Length: mean 338mm s =015 N = 3.
Width: mean 1.35mm s=003 N= 3.

Apterous female. Dorsum hair free and slightly
rugose on abdominal tergites IV-VII; abdominal ter-
gites not shining. Otherwise coloration and hairiness as
in male.

Proepisternum without minute black denticles.
Posterior femur armed beyond middle with a moderate
length (0.15) spine, followed by a row of 5 smaller spines
decreasing in length distally, and one or two tiny teeth
adjacent anteriorly. Posterior tibia basally with a row of
6 black pegs, a few more distally, and a stout black api-
cal spur. Abdomen distally truncate; connexiva raised,
almost vertical along tergites VI-VII, distally forming a

noster: nrl v

voita TT YATin oo
TEIC 11, VVIIES

short broad angular lr}r(npr‘hnn set unth

SV VIVAt aiiguadl AUy S WA a puUsieiies

directed tuft of stout setae; tergite VIII directed very
slightly ventrad; proctiger directed ventrad.
Length: mean = 297mm s = 007 N =10.

Width: mean = 1.23mm s = 0.04 N =10.

Macropterous femaie. Coloration and most other
characteristics as in apterous females. Pronotum similar
m shape to male; humeri not produced. Abdomen

milar to anteronc for Winog
simuar to apteérous iorm. ywings

beyond apex of abdomen.

Length: mean 364mm s = .

Width: mean = 140mm s= 005 N-= 4.
Material examined. Holotype, apterous male and al-
lotype, apterous female: INDONESIA, Celebes, Sula-
wesi Utara Prov., Kab. Bolaang Mongondow: Tumpah
River, Dumoga-Bone Nat. Park, 0° 34'N, 123° 54’E, CL
2100, IX-4-1985, 222 m. (730 ft.), water temp. 23.25°
C.,]J. T. & D. A. Polhemus (BMNH).

Pamtvnm as follows (many apterou s male and

|

o
o
@

hemus, JTPC; only the rarer macropters are noted):
INDONESIA, Celebes, Sulawesi Utara Prov., Kab.
Bolaang Mongondow: many apterous specimens plus
2 macropterous females, Toraut River, above Toraut

D1versnon Dam, 0° 34’N, 123° 54’E, 211 m. (690 ft.), CL

ONOAQ watar tamn 922 9K° C., IX- 2_108K: antarniic snac
.

LVUJIJ, Yvalci L\,lll‘.l S sl T ANATUTLIUIOUU, ut}t\,luuo Jtlbb'
imens plus 5 macropterous males, 1 macropterous
female, CL 2100, same data as holotype; apterous
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specimens plus 3 macropterous males, 3 macropterous
females, Tumpah River tributary, Dumoga-Bone Nat.
Park, 0° 35’N, 123° 54’E, CL 2101, 235 m. (770 ft.), water
temp. 22.30° C., IX-5-1985; stream 4 km S. of Inobon-
to, CL 2106, IX- 6 1985; stream at Loban, NW of Kota-
mobagu, CL 2107, IX-6-1985; warm stream 8 km S. of
Dolodua, on Malibagu Rd., CL 2110, IX-7-1985; Sungai
Metelanga, 5 km S. of Dolodua, CL 2111, IX-7-1985;
swift stream at S. end of Lake Moat, 1000 m. (3280 fi. ),

CL 2117, IX-10-1985; Pononontuna River at Tapakulm-

tonag ONN  (BEN £ OT 0101 TV 1K _10QK TN
Laiiyg, 44UV Iii. (UUVU IL.), UL 4141, 1AT107100J. LINDU-

NESIA, Celebes, Sulawesi Utara Prov., Kab. Minahasa:
stream at Dimembe, NE of Manado, CL 2126, I1X-19-
1985; apterous specimens nhm 1 macropterous male,

Tondano River trlbutary, S. of A1rmad1d1 CL 2127, IX-

20_ 1085: stream W of T\qnnnnu-]u’ E. of Manads CI

1985; stream W. of Danowudu Manado, CL
2129, IX-20-1985. INDONESIA, Celebes, Sulawesi
[ o R T ' Y .1 TN o VL et
iengan rrov., ndv. vonggdid. aplerous spcecinens
plus 5 macropterous males, 7 macropterous females,

small stream 26 km. SE of Palu along Palolo Valley
Road, CI. 2154, 700m. (2300 ft.), X-5-1985; lantprnns

[NOea, WL L10%, /UVIIL \&LSVU 1L =0-10002, 1 aplCion

male, 3 macropterous males, 4 macropterous females,

oo A Ay Tane Dosls A T i dos Pl

Strcéain dlUlls Ldlluu routL Kdl_ll, LAUIC Lllluu 1VdL raln,
42 km. SE of Palu, CL 2155, 830m. (2720 ft.), X-5-1985;
Raba River, upper Palolo Vailey, Lore Lindu Nat. Park,
CL 2159, 600 m (1070 ft), X-8- 1985; anterous spec-

L2122, DUV IIL. 2./, &0 apreious

imens plus 2 mdcropterous males, 1 macropterous

g an iy 2y SO, | ~CD. ) » PPN

u:lualt:, stream 9 km. E. Ul xawcu, NE of Palu on Poso

Road, CL 2160, 150m. (490 ft.), X-10-1985.

Discussion. Of the Celebes species R. celebensis most
closely resembles Rhagovelia sulawesiana in general ap-
pearance although they belong to different groups; see
the discussion under the latter species and key. About
half of the macropterous specimens have the wings
broken off close to the base; only those with full length
wings were measured. The species name celebensis is
derived from the Celebes, the island of origin.

R. celebensis prefers wide, unshaded streams
where it cruises in midstream in the current. Large ag-
gregations, often composed primarily of females and
immatures, were also found in sheltered but unshaded
areas along the banks.

Rhagovelia samardaca,
new species
Figures 194-200

Description. Apterous male. Ground color yel-
lowish brown; abdominal tergites medially brown to
yellowish (on tergites V- VII), broadly pruinose lateral-
ly on metanotum and tergites III-V; anterior transverse
band on pronotum luteous, broad, covering anterior
third, extending onto and concolorous with venter.

Venter yellowish brown to luteous with oval brownish
areas laterally below spiracles; coxal cavities narrowly
darker distally. Legs and antennae luteous, darker on
distal segments. Pronotum long, covering mesonotum;
length.w1dth, 0.70: 1.00. Length of metanotum on mid-
line, 0.10. Abdominal tergites I-VI subequal in length
(0.15-0.20), tergite VII longer (0.33).

Proepisternum, anterior coxal cavity, mesoster-
num mesad of coxal cavities, abdominal sternites II-IV

medlally, with a few minute black denticles. Dorsum

Alathad coith conttarad lana dovl caton ond o fac: chartiar
CQiouica WLLu SCaliereaq 1ong Garx 5¢iac ana a 1w SNoTicy

dark setae. Venter clothed with long semierect setae.
Legs and antennae clothed with usual scattered black
spines, legs with additional long setae. Posterior tro-
chanter armed with 5 stout black-tipped pegs and a few

small qurl’ fonrk Dncrpru\r femur armed with niime.
Silidii Oz 1ICINULI a:iiliCa Wiul OuUllx

erous small black teeth broadly scattered from base to
distal end, plus one longer (0.13) spine beyond middle,
6 or 7 smaller spines distally and several smaller spines
at about middle, none in an even row. Posterior tibia

beneath with black teeth along entire length in several

DCIICAlil Wil Diatk el a1042 p SiRAIC ACApTA A aLvela

rows, one stout spine at distal three- fourths and several
st tanelh o6 e d Ao atal and A o ruing analio

A n
DLUUL {€€in atl and ne€ar aisiar cuu LOWNCUr Vllls aroiia

of hind tarsi narrow, flattened.

Antennai formuia I: II: I1i: IV; 0.60: 0.35: 0.50:
0.45.
Proportions of Legs
e dilnin taranl 4 taranl N taranl 2
IUIIIUI tvia taioai | aioal < aioail v

Anterior 0.90 0.90 0.05 0.23 -
Middle 1.48 1.23 0.10 0.35 0.68
Posterior  1.45 1.33 0.05 0.05 0.33

Abdominal sternites VII and VIII without evi-
dent modification. Parameres symmetrical, shape as
shown in figure 200.

Length: mean = 289 mm s = 0.10 N =10
Width: mean = 1.09mm s= 003 N =10

Macropterous male. Unknown.
Apterous female. Most of coloration and hairi-
ness as in male; abdominal tercrltpe not shinin ng. Con-

nexiva raised, shghtly curved inward along tergite IV,

wantinal olanm s tanagitan YV _UTIT sowvaging Klaonl, and car
vlilulal a.luus (S § SILCB vV=VvViii, mar Ellla viaLn alilu dlu

with stiff black setae. Dorsum without setae on ab-

dominali tergites IV-VII except on posterior margin of
VIIL.

Proepisternum mesosternum mesad of coxal
itine shdacatan 1 gtavrnitas TT_ UV mmadiolle vneh o facs
LdVlLle, auuuuuual DLCLIULCD 117V uxculauy Willl a ICW
minute black denticles. Posterior femur armed at mid-
die with a moderate length (0.13) spine, followed by a
row of 6 smaller spines decreasing in length distally and

about 5 additional black teeth in a ragged parallel row

PO P £ Pagtorior tihia hanaath cat with
terior to iirst row. rosterior tidbia oeneatn set wiln

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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about 30 black pegs along entire length, not in straight
rows.
Abdomen distally without significant modification
(figs. 195, 199); connexiva distally truncate. Tergite
VIII on same plane as VII; proctiger directed caudad.
Length: mean 304mm s=007 N=10
Width: mean = 117mm s=0.03 N =10

Macropterous female. Coloration and most
other characierisiics as in apierous females. Dorsal
setae on pronotum present only on anterior and lateral
margins. Pronotum not prolonged, rounded posterior-

lv humeri prominent but not nroduced. W1ngs long,

extendmg well beyond apex of abdomen, with four

Py R P

uuscu u:ua \JUHIICXIVd Sir dlglll

Length: mean = 3.61 mm s = 025 N 2
Width: mean 1.39 mm s = 0.04 N=2

Material examined. Holotype, apterous male
and allotype, apterous female: EAST MALAYSIA, Bor-
neo, Sabah: small streams in watercress bog, km. 62 on
Keningau Hwy., CL 2035, VIII-6-1985, J. T. & D. A.
Polhemus (USNM).

Paratypes as follows: EAST MALAYSIA, Borneo,
Sabah: many apterous males and females, 2 macro-
pterous females, same data as holotype (JTPC); 16 ap-
terous males, 30 apterous females, 2 nymphs, small
forest stream 12 km. S. of Ranau, CL 2027, VIII-3- 1985,
J. T. and D. A. Polhemus (JTPC); many apterous males
and females, small forest stream at km. 60 on Keningau
va , CL 2036, VIII-6-1985, l T. and D. A. Polhemus
(]TPC), many apterous males and females, 1 macro-
pterous female, Tawau, Quoin Hill, Forest Camp 1, 3-
5 km. WSW of Cocoa Research Station, VII-9 to VII-20-
62, Y. Hirashima (BPBM, JTPC); 1 apterous male, 1 ap-
terous female, 1 immature, Tawau Residency, Kala-

bakan River, 30 mi. W. of Tawau, XI-9 to XI-18-58, T.

C.Maa (BPBM):

C. Maa (BPBM); 1
cy, Gomantong Caves, 20 mi. S. of Sandakan, XI-22 to
X1-26-58, T. C. Maa (BPBM); many apterous males and
females, Tawau, Quoin Hill Cocoa Research Station,
VII-26-62, Y. Hirashima (BPBM); 1 apterous female,
Forest Pamn 19 km. N. of Kalabakan, XI-13-62, Y.

Hirashima (BPBM)

Discussion. Rhagovelia samardaca is quite closely re-

lated to R. christenseni, but is slightly more robust than

the latter. These two species may be separated from
each other by the characters given in the key, and from
all other congeners in the Old World, with the excep-
tion of R. madagascariensis, by the distinct bright silver-
gray pruinose areas on the abdominal tergites. Other
Rhagovelia species are known with faint or diffuse
grayish pruinose areas on the abdominal dorsum, but

1
I

1 aptercus female, Sandakan Residen-

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

not bright contrasting pruinose areas as in these three
species.

This species is found in small shaded forest
streamlets at higher elevations, where it frequents still
pools or sheltered areas beneath undercut banks.

Rhagovelia christenseni,

new species
Figures 201-207

Description. Apterous male. Ground color orange
brown to brownish black. Abdominal tergites blackish
brown, VII brown; V- VI feebly shining medially, VII
shining; I, III-IV broadly pruinose laterally, IT and V
narrowly pruinose laterally, pruinose areas bright sii-
very gray, sharply demarcated. Anterior transverse
band on pronotum yellow, wide (width about 1/2 of eye
length), long, extending onto propleura. Venter black,
proepisternum mostly yellowish mesosternum  yel-
lowish laterally, sternite VII, genitai segments and con-
nexival margins brown to yellowish brown; coxal
cavities yellowish. Legs and antennae brown ventrally,
blackish brown dorsally, except basal half of antennal
segment I and anterior femur, hind femur basally and
beneath, all coxae, all trochanters yellowish. Pronotum
long, covering mesonotum; length:width, 0.55: 0.85.
Length of metanotum on midline, 0.08. Abdominal ter-
gites I-VI subequal in length (0.13-0.18), tergite VII
longer (0.33).

Proepisternum without, or with only a few minute
black denticles in a narrow field adjacent to head at an-
tennal sockets. Dorsum clothed with short appressed
golden setae and scattered long brown setae (length
greater than width of fore femur). Venter clothed with
short to medium length golden recumbent setae and
scattered long brown setae. Legs and antennae clothed
with usual spines and long hairs. Posterior trochanter
armed with 1 or 2 tiny black teeth. Posterior femur
armed with a row of about 10 tiny black teeth basally,
not reaching the large median spine, which is followed
by a gap then distally by about 20 much smaller teeth
scattered in roughly two ragged rows, and another
large spine located more posteriorly (see fig. 203).
Posterior tibia beneath beneath armed along entire
length with two rows of stout short teeth, one much
larger tooth at distal 9/10, and a stout apical spur.
Downcurving arolia of hind tarsi dorsoventrally flat-
tened, narrowing distally.

Antennal formula I: II: III:

0.38.

IV; 0.63: 0.30: 0.45:
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Proportions of Legs

femur tibia tarsal1 tarsal2 tarsal 3

Anterior 0.73 0.68 0.03 0.20
Middle 1.15 0.95 0.08 0.28
Posterior 1.20 1.05 0.05 0.08

Length: mean = 265mm s = 0.05 N =10..
Width: mean = 0.93 4 N =1

Macropterous male. Unknown.

Apterous female. Abdominal tergites I-II tumid, IV-
VI somewhat depressed, I1I-VII without long setae; V-
VI faintly chmmv VII shining; tergites III-IV

an TTY thne tnssiens it el Lo
autcxlully on LCISILC 11, Ul.llcl l.cl leCB Wll.ll lJl uuunc

areas as in male. Connexiva raised, becoming vertical
posteriorly, sinuate, incurved along tergites IV-V.
Otherwise coloration and hairiness as in male.

Proepisternum without, or with very few minute

hlacl denticlac in 2 narrnw fisld adiacont ta head af an_
Cialk Genudies i a narrow 1ne:G agjacent to neéad atan

tennal sockets. Posterior femur armed at middle with a
moderate xerlgth (0.10) spine, followed by a row of 6
smaller spines decreasmg in length dlstally Posterior
tibia basally with a row of about 18-20 biack pegs m two

rows. Abdomen dmtz"v prmf-rt no:

aoingcii aixtal rojectil

nc

g a
truncate. Terg VIII almost on same plane as VII;
mrnctionr clichtly daflacrtad vantrad nraiecting noac
}JIU\,LIS ausuu ULiitiivu vuiiuawu, lJlU \-LIJIIS lJUB
teriorly.
Length: mean = 2.81 mm s = 0.12 N =10.
Width: mean = 1.03mm s = 0.05 N =10.

Macropterous female. Coloration and most other
characteristics as in apterous females. Dorsal setae on
pronotum short. Pronotum prolonged to cover wing
bases, rounded posteriorly, not modified; humeri
weakly produced. Wings extending to tip of abdomen,
with 2 light longitudinal light streaks on basal half, with
3 closed cells. Connexiva only slightly raised, lateral
margins not sinuate.

Length: mean = 3.13 mm s=0 N= 1
Width: mean = 126mm s= 0 N= 1

Material examined. Holotype, apterous male and al-

lotype, apterous temale INUUN LDIA borneo Kalii-
mantan Timur Prov.: waterfall4 km S. of Kota Rﬂnmln

CL 2095, VIII-29-1985, J. T. & D. A. Polhemus

(TTCNINAY
(U OINI .

Paratypes (all collected by ] T. and D. A. Pol-

DN TATINAAATINOT A

hemus, JTPC): INDONESIA, Borneo, Kalimantan
Timur Prov.: many apterous males and females, same

data as holotype; many apterous males and females, 1
4km. NE l:TInfq

araiig famala all wratarfall
INL OL 50

macr UIJL\.A OuS 1€inaic, Sinai watcy Lau X R1iil.

Bangun, CL 2093, VIII-27-1985; many apterous males

and females, spring and waterfall, 3 km. NE of Kota
Bangun, CL 2092, VIII-27- 1985.

Discussion. Rhagovelia christenseni is closely related to
R. mmulaaca see ncy, and notes under the latter. The
coloration, especially of the posterior part of the pro-
notum, varies from brownish black to yellowish tinged

with brown. This eppmpe is named in honor of Mikkel

il 2IOW 2 133 CCICS 15 11AIICQ 111 1201101 O MIIXKXKCI

Christensen who gulded us to the type locality and

AAAAAAAAAA [ PR b WWoe sz oo

ULhCl 1Cilial l\ablc PldLCb lll tne I\Ul.d uausuu alcCa.
This species was common around Kota Bangun

in the smaii shaliow streams that flowed off of iow

sandstone hills rising from the Mahakam River swamp

forests. Although the surroundlng forest was heavily
umLux UCU, most Ul LlleC lldUltdl& WEre ucepl'y' Shadcu
by gallery forests. The orange insects blended in well
against the orange-brown sandstone that formed the

streambeds in this area.
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srous male. Ground color orange

brown, abdomlnal tergites orange brown; anterior

transverse band on nrongtum lichter not demoar-
transverseé Sand on pronctum ignter, not gemar

cated.Venter darker medially and on pleura, ab-
dominal sternites laterally infuscated except connexiva;
abdominal venter carinate on midline, forming a sharp
carina on sternite VII; coxal cavities yellowish. Legs and

antennae \IPII{\WIQ]"I }\QCQ]]\I HQ"]{PY‘II“O‘ tO oranoce hrnn'rn

QIRCNNAC JCUuUWESA Dasaily, GalifRCinlip W Lialigt ©iuy

distally; antennal segments II - IV dark. Pronotum
long, covering mesonotum except posteriorly (see fig.
172); length:width, 0.88: 1.13. Length of metanotum on

midline, 0.10. Abdominal tergites I - VI subequal in
length (ﬂ 20-0. ‘)R\ tprn-np vVII ]nna‘pr (n Q‘K\
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Proeplsternum w1th numerous minute black den-
uucs Dorsum uutucu wuu uuc guu.len pUUescence auu
numerous long black setae; venter clothed with
medium length appressed golden pubescence, and

laterallv with lnng black setae: leos and antennae

igailiaay  Walaa iUl 2ialai SCial, Lps ant ainlill

clothed with long slender black setae, dorsally with scat-
tered 10Hg black stouter setae. Posterior trochanter
each armed with one stout tooth and four smaller teeth,;
posterior femur armed with a singie row of stout teeth,
one large tooth before middle and about 8 or 9 smaller

pegs beyond, also a single row of about 13 closely set

tinv toath in 2 sinole raw hacally Pasteriar tihia heneath
tiny teetn in a singi€ row dasaily. roSIerior titla tencain

armed along entire length with black teeth. Downcurv-
ing arolia of hind tarsus long and slender.

Antennal formula I: II: III: IV; 0.83: 0.45: 0.55:
0.45.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3

Anterior 0.93 1.00 0.05 0.25 -
Middle 1.55 1.18 0.08 0.43 0.65

Posterior  1.58 1.33 0.05 013 0.35

Abdominal segment VIII formed as shown in

Haonraeg 179 178. ventrally caorinata an midline and
ngures 174, 1/9; vénirauy darifniaiC on miGunc ana

produced posteroventrally Parameres symmetrical,

b[ldpe as bIlUWﬂ in Ilguxc 1/0

Length: mean 350mm s=029 N
Width: mean 128mm s=008 N=

Macropterous maie. Unknown

Apterous female. Coloration and hairiness as in male.
Proepisternum with many minute black denticles.
Posterior femur armed beyond middle with a long
(0.20) spine, followed by a row of nine smaller spines
dp(‘rpamng in ]Pn(rrh rheta"v without armature haea"y

Posterior tibia w1th arow of numerous black pegs along
entire length. Abdomen not carinate ventrally; con-
nexiva distally truncate (figs. 173, 177). Tergites VIII-
IX directed ventrally.

Length: mean = 3.69mm s =

0
Width: mean = 136 mm s= 004 N =10
Macropterous femaie. Coloration and most other

characteristics as in anterous females. Dorsal setae on

LA aliliisuils as 12 apiCiUns I0IALLS, LJosal seiat VL

pronotum long along anterior and posterior margins,

short m’c‘duxuy, Pronotum not prolonge-.;, rounded

posteriorly; humeri slightly raised. Abdomen similar to

apterous form. Wings long, extending well beyond
apex of abdomen.

Length: mean = 3.79 mm s=0

0

v

|
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C
C
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1
\VAVlldth. meail = 1.0< MM S 1
Material examined. Holotype, apterous male, and al-
lotype, apterous female: INDONESIA, Ambon, Malu-
ku Prov., Kab. Maluku Tengah: Wairea River nr.
Wairea, 0-100 m. (0-330 ft.), CL 2153, 4-X-1985, J. T. &
D. A. Polhemus (USNM).

Paratypes: 2 apterous males, 14 apterous females,
1 macropterous female, same data as holotype (in JTPC;
MZB).
Discussion. Rhagovelia meikdelyi n. sp. is most closely

related to Rhagovelia wallacei, from northern and

central Celebes. It occurs w1th Rhagovelia ambonensis
Lundblad, but may be separated from the latter by the
coloration (orange brown in meikdelyi, black to brown
in ambonensis except in teneral specimens), and the
qhanp of the male and female caudal abdominal seg-

ments. Light colored or teneral specimens of ambonen-

cic ara oftan Loht vallawich ta vallaw hrawn eagnecially
§is arc oiteén iugnt yeuowisii 0 yeuow orowi, \.ay\,\,nauy

ventrally, and have the light pronotal stripe continuing
on the propleura, but can be distinguished by the dis-

J.T. Polhemus and D.A. Polhemus: Rhagovelia

t‘ages 101-25V

tally dark femora and characters given above. The
species name honors Meky Meikdely who helped us
greatly during our stay on Ambon.

Rhagovelia wallacei,
new species
Figures 187-193

Description. Apterous male. Ground color blackish
brown; abdominal tergites same, tergite VII smning
medially; anterior transverse band on pronotum
broad, yellow tinged with orange brown, widening
latf:i‘au'y', continuous with auuuauy ugut colored pro-
pleura and prosternum. Venter dark except abdomen
and metasternum medially, sternite VII, most of meso-
sternum brown; coxal cavities yellow. Legs and anten-
nae luteous basally, darkening distally to brown except
antennae blackish brown beyond middle of segment I.
Pronotum long, covering mesonotum; length: width,
0.80: 1.03. Length of metanotum on midline, 0.10. Ab-
dominal tergites I-VI subequal in length (0.15-0.20),
tergite VII longer (0.35).

Proepisternum, jugum of head, mesosternum
and metasternum, thoracic’ pleura and most of ab-
domen except sternite VII medially with numerous
minute black denticles. Dorsum clothed with short ap-
pressed golden pubescence; scattered long dark semi-
recumbent setae along sides of thorax, abdominal
tergites (especially along hind margin); erect setae on
vertex. Venter clothed with short appressed pubes-
cence except for a brush of stiff semi-erect hairs medial-
ly on abdominal sternites V-VI; except for sternite VII,
covered with minute black denticles, often difficult to
see against dark background Legs and antennae
clothed with usual spines and long hairs, except an-
terior tibia thickly set anteriorly and posteriorly with
setae about as long as width of tibia. Posterior tro-
chanter armed with 5 or 6 short stout teeth. Posterior
femur armed with a row of 10 tiny teeth basally, one
larger spine before middle followed by a row of 8 spines
of decreasing length distally, and another more
anterior parallel row of 5 or 6 spines beginning beyond
middle; all spines black- tipped. Posterior tibia curved,

armed heneath with numerous black neos over entire
armead bencath with numerous dlack pegs over entire

length, sparser distally. Downcurving arolia of hind
tarsi dorsoventrally flattened.
Antennal formula I: II: III: IV; 0.68: 0.35: 0.43:
0.38.
Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal 3

Anterior 0.88 0.93 0.03 0.25 -

Middle 1.43 1.15 0.05 0.45 0.38

Posterior  1.25 113 0.05 0.10 0.30
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Abdominal sternite VII flattened and weakly car-
inate on midline posteriorly; sternite VIII not modi-
fied. Parameres symmetrical, shape as shown in figure
189.

Length: mean 3.16 mm s = 0.14 N =10.
Width: mean 120mm s =004 N =10

Macropterous male. Similar to apterous form ex-
cept that pronotum is lengthened caudad. Wings ex-
tending beyond tip of abdomen, with 4 closed cells (2

Il

in distal half); unng color dark gray brown, veins con-

colorous, w1th a broad longltudmal light streak along

costal margin over basal 1/3, darkening posteriorly.
Length: mean = 3.61 mm s = 017 N= 7.
Width: mean = 143mm s= 007 N= 7.

Apterous female. Coloration and hairiness
similar to male; abdominal tergites not shining. Con-
nexiva raised, vertical to reflexed posteriorly. Covering

of minute black denticles ac in male Pacterior femur
Ul A1I111IULL JIAUN ULIIULILVILD Ao 111 1114div,. R UOLLi 1V aviiius

armed with at most 1 or 2 tiny teeth basally, and before
middie with a long spine followed by a row of 7 smaiier
spines decreasing in length distally, plus a more an-
terior row of 2 or 3 spines beginning at distal 2/3; all
spines black-tipped. Posterior tibia set with numerous
black pegs over entire length in several rows.

Abdomen d custauy truncate, connexiva Glb[dlly an-
gulate, not produced, set with a tuft of posteriorly
directed setae. Tergite VIII directed downward at a
sharp angle, proctiger directed ventrally, both barely
visible in lateral view, withdrawn into segment VII.

Length: mean 326mm s = 017 N =10.
Width: mean = 128mm s = 0.07 N =10.

Macropterous female. Coloration and most other
characteristics as in apterous females except disc of

pronotum darker. Pronotum not produced posterior-
1}/ rounded at apex; humeri prnminpnr Abdomen

straight, not upturned. Wings as in macropterous male,
extending slightly beyond apex of abdomen. Con-
nexiva and abdomen distally as in macropterous male.

Length: mean 3.79mm s = 0.35 N = 4.
\WiAdth: moan = 148 mm e = NN&B \ = 4

Vi, aodit RO T S = V.wo i 5.
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Material examined. Holotype, apterous male,
and allotype, apterous female: INDONESIA, Celebes,

B PR Téoea | PR Ananndazare

Dulawtal Ul.ala rlUV., I\dl} DUlddlls muusuuuuw
Tumpah River tributary, Dumoga-Bone Nat. Park, 0°
35°N, 123° 54’E, CL 2101, 1X-5-1985, 235 m. (770 ft.),
water temp. 23.0° C., J. T. & D. A. Polhemus (BMNH).

Paratypes as follows (many males and females, all
apterous unless otherwise noted, collected by J. T. and
D. A. Polhemus, JTPC): INDONESIA, Celebes, Sula-
wesi Utara Prov., Kab. Bolaang Mongondow: same
locality as holotype; Tumpah River, Dumoga-Bone

Nat. Park, 0° 34°N, 123° 54’E, CL 2100, 222 m. (730 ft.),
water temp. 23.25° C., IX-4-1985; stream 4 km. S. of In-

obonto, CL 2106, IX-6-1985; upper Metelanga Riv. and
tributarv. 10 km S. of Dolodua, CL 2108, IX-7- 1095

tributary, 10 km S. of Dolodua, CL 2108, I1X-7-198
Metelanga Riv., 5 km S. of Dolodua, CL 2111, IX-7-1985;
cave spring and stream at Komangaan, NW of Kot-
amobagu, CL 2120, IX-14-1985; Pononontuna River at

Tapakulintang, 200 m. (660 ft.), CL 2121, IX-15-1985.
INDQONESIA, Celebes, Sulawesi Utara Prov., Kah.

o4, LCICDCS SUIAWEST ara adb

Minahasa: apterous specimens plus 1 macropterous

mala O macrantarannge foamalags Tandanag River trih
mail, 4 Malropierous ifmails, 10naGand ~IVEer rio-

utary, S. of Airmadidi, CL 2127, IX-20-1985; stream nr.
Manembonembo, E. of Manado, CL 2128, IX-20-1985;
stream W. of Danowudu, E. of Manado, CL 2129, IX-

20-1985; stream 3 km. SW of Rurukan, CL 2130, IX-21-
1985. INDQONESIA, Celebes, Sulawesi Tengah Prov,,
Kab. Donggala' apterous specimens plus 3 macrop-

crous llldle, 1 macropwerous ICllldlC, bllldu streaii AU

km SE of Palu along Palolo Valley Road, CL 2154,
700m. (2300 ft.), X-5-1985; apterous specimens plus 3

macronterous males. 1 macronterous female. stream
madcropifrous ma:cs, 1 Macropicrous cilac, sircamm

along Lindu Foot Path, Lore Lindu Nat. Park, 42 km.
SE of Palu, CL 2155, 830 m. {2720 fi.), X-5-1985; siream
5 km. SE of Kamarora, upper Palolo Valley, Lore Lindu

Nat. Park, CL 2157, 750 m. (2460 ft.), X-8-1985; stream
Qkm. E. of Taweli, NE of Palu on Poso Road, CL. 2160

J ARNiii. O 1aWCi, IND O Aty O T30 Xoas, 2. &200,

150 m. (490 ft) X-10-1985; stream SE of Oloboju, 19

P | . 0180 ONN -~ /IGGN G\
l\ul OL Ul rcuu, ralu lelC)’ \JL 41V4, 4VUV 111. (VUV 1L, )

X-10-1985. INDONESIA, Celebes, Sulawesi Selatan
Prov., Kab. Maros: 1 apterous maie, Maros River, Ban-
timurung Waterfall nature reserve, CL 2166, 0-100 m.
(0-330 ft) X-13-1985.

......... DRLoagnaolin snallnrss n eny ig ol
Discussion. GETVERG Wawacer 1i. SP. 15 \1141

ly related to R. minahasa n. sp-, with differences

lIl [ﬂ('.' Key Iibl(lc IrUIIl l.IlC (ldll Lull.b on lllC Ventier, lllt:
males are more difficult to distinguish than the females.
The vestiture of minute black denticies on the pleura

and unner bodv is quite variable: in some snecimens it

allQ QpPpPCer DOCY 25 \1“..“., vallalg, 13 SOINC spediineiis

is extensive, whereas in others it is much reduced,
similar to that seen in R. kawakamii (Matsumura) and R.
grayt. The specimens from Lore Lindu National Park
in the central Celebes are generally much lighter in
coloration than those from the Minahasa Peninsula.
This species is named in honor of Alfred Russel Wal-
lace, the great naturalist and explorer who spent many
years in the Malay Archipelago.

R. wallacei was abundant in the Tumpah River sys-
tem above the Project Wallace base camp in north
Celebes, especially on a tributary known as the “water-
fall stream”. The streams in this region are swift, clear,
rocky, and well shaded by primary rain forest. R. wal-
lacei here preferred sheitered situations next to the

banks in shady areas, and was often found in the net-

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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works of small pools formed on partially flooded cob-
ble bars.

Rhaaovelia minahasa

I
lllluuv'vll LRI LR L=
new species
Figures 216-222

Description. Apterous male. Ground color black;
abdominal tergites black, not shining except a wedge
on tergite VII; anterior transverse band on pronotum
yellow brown, extending onto pleura and venter. Ven-
ter mosly blackish; yellowish along connexival margins;
yeilow brown to brown on prothorax, iateraiiy on meso-
thorax, and abdominal sternite VII; coxal cavities
luteous. Legs and antennae brown except beneath and
basally on first antennal, anterior and posterior femora
basally, luteous. Pronotum long, covering mesonotum
(see fig. 216); length:width, 0.85: 1.08. Length of meta-
notum on midline, 0.10. Abdominal tergites I-VI sube-
quai in iength (0.23-0.25), terglte VII longer (0.45).

Proepisternum and entire body except for ster-
nite VII medially covered with numerous minute black
denticles. Dorsum clothed with fine silvery recumbent
pubescence and a few scattered long black setae along
pronotal margins. Venter clothed with short incon-
spicuous silvery pubescence; legs and antennae clothed
with usual scattered long slender black setae, and a few
scattered long yellowish setae. Posterior trochanter
each armed with two or three small black teeth and two
long (0.20) curved dark setae. Posterior femur armed
with a long (0.23) stout spine before middle and 8 or 9
smaller pegs beyond in a single row, and a second paral-
lel row of 6 or 7 smaller pegs, also a single row of about
10 closely set tiny teeth basally. Posterior tibia beneath
armed along entire length with black teeth. Downcurv-
ing arolia of hind tarsus long and slender.

Antennal formula I: IT: I11: 1V; 0.75: 0.45: 0.53:
0.40.

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3
Anterior 0.95 1.08 0.05 0.28 -
Middle 1.65 1.28 0.08 0.58 0.65
Posterior  1.43 1.33 0.08 0.13 0.35

Abdominal venter weakly carinate medially on
gtarnitas VIT and VITI. ctarnite VIT clichtly denresced

sternites VII and VIII; sternite VII slightly depressed
on each side of middle. Parameres symmetrical, shape
as shown in figure 222.
Length: mean = 327 mm s = 0.13
Width: mean = 116 mm

Macropterous male. Similar to apterous forn

that pronotum is lengthened caudad, rounded pos-
teriorly, and black except for anterior yellow b

1]
=]
[=5

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230

Wings blackish brown, veins black, lighter basally be-
tween M and Sc, forming an elongate streak.

Length: mean = 364mm s=0.07 N= 6.
Width: mean = 142 mm s = 0.04 N= 286
Apterous female. Coloration and hairiness as in male.

dominal tergites not shining, frosted, almost naked.

Conneviva marcinad with vallawich abhrintly inciirved
LOnNneXiva marginéa wiii yeulwisa, asrupuy Incurvea

along tergite V. Vestiture of minute black denticles as
in male. Middle femur flattened dorsoventrally; pos-
terior femur armed at middle with a long (0.20) spine,
followed by a row of 7 smaller spines decreasing in

length distally: diameter 'ﬂ\rnr\f‘v oreater proximal to
iengin aistauy; Giameter uptly greater proximas to

middle (see fig. 219), dorsal surface of narrower part
shining, hair free. Posterior tibia with a row of
numerous black pegs along entire length. Abdomen not
carinate ventraily, distaily truncate, connexiva slightiy
produced distally (figs. 217, 220). Tergite VIII sharply

directed ventrad, truncate; proctiger directed ventrad

l'\r‘nmnn not visible ex-
aOQOICIL, 1100 Visioil CA

aor forward withdrawn into
OF 101WaiQ, WwiuiGiawii iww

cept in posterior view.
Length: mean = 3.65mm s = 0.07 N =10.
Width: mean = 124mm s = 005 N =10.

Macropterous female. Coloration and most other
characteristics as in apterous females. Scattered dorsal

setae on lateral and anterlor margins of pronotum long,
black. Pronotum not prolonged, rounded posteriorly;
humeri slightly raised. Abdomen straight, connexiva
not modified; tergites VIII-IX as in apterous female.
Wings long, extending well beyond apex of abdomen,

51m11ar to male.

Length: mean 0.08 N 5.
Width: mean 0.047 N 5.

Material examined. Holotype apterous male, and al-

IUlpr, dPLClUuB lcllldlC llVUUlVLOII‘\, \JCICUC&, Duld'
wesi Utara Prov., Kab. Bolaang Mongondow: swift

clear stream nr. S. end of Lake Maia, 1000 m. (3280 ft.),
CL 2117, 1X-9-1985, . T. & D. A Polhemus (BMNH).

i, 4a2 ANST-1D8D 111C AVIINTT

Paratypes as follows (all collected by J. T.and D
. .

A Alh avasse TTDOY. INNDNONECTA (ol ko.- racs
L2, quxculua,Jxxu; LINLDUINLOS 1O, WICoES, S slawesi

Utara Prov., Kab. Bolaang Mongondow: many ap-
terous maies and females, same data as holotype; many
apterous males and females, 1 macropterous male,
spring and pools, S. end of Lake Mala, CL 2115, 1050

w (2AAN £\ TXY_1N_1QRK: R antarnnc malac R antaranc
il (077U 1), 14-1U-1903; J aperfus Mails, & apierdus

females, slow muddy stream, S. end of Lake Mala, CL
2116, 1000 m. (3280 ft.), IX-10-1985; many apterous
males and females, forest stream south of Lake Mala,
CL 2118, 1200 m. (3940 ft.), IX-11-1985. INDONESIA,
Celebes, Sulawesi Utara Prov., Kab. Minahasa: many

apterous males and females, 5 macropterous males, 3

Il
I
1

3.84 mm S
1.50 mm s

I
I
I
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macropterous females, spring 2 km. S. of Mokabang,
N. of Lake Mala, CL 2123, 950 m. (3120 ft.), IX-17-1985.

Discussion. Rhagovelia minahasa n. sp.is most closely
related to R. grayi and R. lorelinduana, differing primari-
ly in the vestiture of tiny black denticles that are thick-
ly scattered over the entire body of minahasa. The

snecies name. 2 noun in annasition. referc to the tune-
SPCECICs allg, a 1eun 1l appositicn, Ireicrs 10 e ypc

locality, the Minahasa Peninsula of northern Celebes.
1 HC KI_IOWII locallut’b IUI I’l ”l/l,ILulLaSa Clustel lll Lll(‘.'

vicinity of Lake Mala, a crater lake high in the rugged

mountains of Minahasa. There is some confusion as to

the correct name for this locality. as it is referred to
tnis ty, 1t 1s referred to

varlously as either Lake Mala or Lake Mooat by the local
peopu: Our Indonesian maps ar also not consistent,
calhng it either Lake Mooat or Lake Danau, the latter
meaning literaily “iake iake”. The U. S. Army Map Ser-
vice 1:250,000 scale chart for this region shows the large
lake in question to be Lake Mala, and a much smaller
lake close by to the south to be Lake Mooat, and we have

accepted this latter interpretation.

ﬂ)

Rhagovelia kawakamii
(Matsumura)
Figures 74-80

Kotovelia kawakamii Matsumura 1913. Thousand Insects
of Japan, Additamenta 1: 99. Type-locality, Kot-

osho Isle Formoea
US1i0 1517, LU0 ba.

Rhagovelia kawakamii, Lundblad 1937. Entomol. Tidsk.
58: 1. Redescription, figs.

Rhagovelia hoberlandti Hungerford & Matsuda 1961.
Kansas Sci. Bull. 42: 260. Synonymized by Pol-
hemus & Reisen 1976, Philipp. J. Biol. 5: 275.

Rhagovelia kawakamii, Polhemus & Reisen 1976. Philipp.
J. Biol. 5: 275. Distr., Luzon; synonymy.

L L, PR Y G\ gty R iy PN N
DESCI’IP[IU“. API-CK'UUS maic. UIUuIlu CO10r DIdCK WO

blackish brown including abdominal tergites, tergite

VII shining medially; connexiva and pronotum pos-
teriorly broadly margined with vellowish: anterior

CIIOILy =2ioacs)y 12al SrCC WAL YyCLOWISIL, a1l

transverse band on pronotum yellow, extending onto

Vantar hlasl Lohtar

g nd vantar Totarallc » >
VNI 01dlK, 1gniwcr

Plcul a allu Vclll.cl 1aiLcil all}"u
laterally on mesosternum; prosternum yellow; abdom-
inal sternite VII shining orange brown mediaily; coxal

us. Legs and antennae brown except basal

cavities luteou
parts and inner margins of antennal segment I coxae
and uUL,Iﬁa ters, basal and anterior faces of fore and
hind femora, luteous to yellow brown. Pronotum long,
covering mesonotum; length:width, 0.80: 1.10. Length
of metanotum on midline, 0.15. Abdominal tergites I-
VI subequal in length (0.20-0.25), tergite VII longer
/n f\\

\V.1V)

Proepisternum and mesosternum adjacent to
coxal cavities with many minute black denticles. Dor-
sum clothed with short inconspicuous recumbent setae
and a few scattered longer setae along lateral margins.
Venter clothed with moderate length semirecumbent
yellowish setae and many long setae medially on ab-
domen. Legs and antennae clothed with the usual black
spines and scattered longer setae; posterior femur with
many long setae beneath. Posterior trochanter armed

with about 3 small black teeth. Posterior femur distally

armed heneath with manv chort to moderatelv lono
arMmeG oCndainl wilil Inally st 10 IOGLTacly 10Iig

teeth and stout spines, the anterior and posterior rows
irregular, with longest spines near middle and beyond,
shorter spines scattered over entire ventral surface (fig.

80). Posterior tibia curved, armed beneath with several
rows of black teeth a]nng entire length, with 4 or 5

larger stout spmes beyond middle and a stout apical

aniir Na Alio AL hind tove: Tana nda
Spur. UOWwWIcur vuls 4aroiia Or1 1ina iarsi Auus, mcuucx

Antennal formula I: II: II1: IV; 0.78 : 0.40: 0.45 :

Proportions of Legs
femur tibia tarsal1 tarsal2 tarsal3

..... noan nan N Nne n na

Anterior 0.50 0.53 0.05 0.28 -
Middle 1.43 1.15 0.08 0.40 0.70
Posterior  1.55 1.45 0.05 0.10 0.30

xrry

Abdominal sternite VII weamy depressed on each
side of midline posteriorly; sternite VIII not modified;
suranal plate with slight lateral protruberances. Para-
meres symmetrical, shape as shown in figure 76.

Length: mean = 3.33mm s = 0.16 N
Width: mean 126mm s=009 N

Macropterous male. Coloration and most other char-
acteristics as in apterous males. Pronotum covering

wina bases. not nrnlnnn'prl rounded nncrpnnrlv
wing pases, not onge po

humeri not produced ngs blackish brown, w1th a
uguL sireak on basal 3/8 lateral to medial s vc1u, luug, €X-
tending well beyond apex of abdomen, with four closed
cells similar to Rhagovelia pruinosa.

Il anath: manan — 208 m e = 01a | ]
Leriygui.  ancain = S.90 MM S = vav N = 0.

Width: mean = 1.52 mm s = 0.05 N = 3.

Apterous female. Dorsum with coloration and hairi-
ness as in male, except shorter on abdominal tergites,
V-VII almost bare; abdominal tergites not shining
Connexiva upturned, increasingly veriical posteriorly,
almost straight, not modified.

Proepisternum and mesosternum with minute
black denticles as in male. Middle femur armed with an
occasional basal spine, a moderate length spine just
beyond middle, followed by about 4 or 5 smaller spines
in two rows decreasing in length distally. Posterior tibia
armed with several rows of short black pegs along en-

4.
4.,
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tire length. Abdomen distally truncate (fig. 75); con-

nexiva ending distally in a blunt angle. Tergite VIII on

the same plane as VII; proctiger projecting posteriorly.
Length: mean = 335mm s = 017 N= 7
Width: mean = 125mm s=005 N= 7.

Macropterous female. Coloration and most other

characteristics as in macronterons males. Abdomen

2R 2 E-LOI RS § 218 L0 ] 211 IRALT0peioBs laics. AxLocn

straight, not upturned. Connexiva straight.
g p g

Length: mean = 3.70mm s =006 N = 5.

Width: mean = 141 mm s=004 N= 5.
Material examined. EAST MALAYSIA, Borneo,
Sabah: 3 apterous maies, 3 macropterous males, 6 ap-
terous females, 5 macropterous females, stream 34 km.
NE of Kota Belud, CL 2033, VIII-5-1985, J. T. & D. A.
Polhemus (JTPC); 1 apterous male, 1 apterous female,
H45, Ranau, V-13-1983, G. F. Hevel & W. E. Steiner
(USNM).

Discussion. Rhagovelia kawakamii (Matsumura) is most
closely related to R. lorelinduana and R. grayi. In addi-

tion to the l(pv characters, R. kawakamii mav be sen-

2011 (8819 caalacless, LUWERGT lay DOC SCp

arated from the latter two species by the absence of a

carinag an mala chdaminal ctornita UTT and tha hario~a
{ariiia Oii mail aoQOoiIiiid: SICriiit€ v i1 aind uic noriZon-

tal aspect of female abdominal tergites VIII and IX in
la[erdl VlCW.

Rhagovelia grayi,

1cw 3Pcblc°

Figures 208-215

Description. Apterous male. Ground color brown to
orange brown including abdominal tergites, connexiva
broadly margined with yellowish; anterior transverse
band on pronotum yellow, extending onto pleura and
venter laterally. Venter yellow to orange, darker in
places on pleura; coxal cavities luteous. Legs and an-

annQP hrnwn PV!‘P“" ]‘\QCQI nartc an] mner marcnnc nF

.....................

antennal segment I, coxae and trochanters, basal and
anterior faces of fore and hind femora, luteous to yel-
low brown. Pronotum long, covering mesonotum;
length:width, 0.83: 1.15. Length of metanotum on mid-
line, 0.15. Abdominal tergneq 1-VI qnhenual in length

(0.23-0.30), tergite VII longer (0.45).

Prgenisternum with manv minute hlack 4
rroepisieraum witn many minute C1alk G

Dorsum clothed with short inconspicuous recumbent
setae and a few scattered longer setae along lateral mar-
gins. Venter clothed with moderate length semirecum-
bent yellowish setae. Legs and antennae clothed with

the nenal hlack enines and scattered lonoer setae pnc-
1€ Usual 0:aCx SpIncs anc sCauiCreC 1CNger s¢iad. ros

terior trochanter armed with about 8 small black teeth.
rOStei‘iur 1e'ﬂ‘1ur ulstall)’ a‘ri‘ﬂeu ueﬁéatu WlLIl twO rows
of stout spines, the first row consisting of a stout spine

before middle followed by one stouter spine and 6

j T. Polhemus and D.A. Polhemus: Rhagovelia

ragca IUI—AOU

smaller spines decreasing in size distally, and a second
more anterior row of about 8 smaller spines; basally
with a row of about 26 tiny teeth and one slightly larger
tooth near middle (fig. 211). Posterior tibia beneath
armed with two rows of black teeth along entire length,
and one stout spine at distal three-fourths. Downcurv-
ing arolia of hind tarsi long, slender.
Antennal formula I: II: II1: IV; 0.83: 0.48 : 0.68 :
0.55.
Proportions of Legs
femur tibia  tarsal1 tarsal2 tarsal 3

Anterior 1.10 1.18 0.05 0.35 -
Middle 1.78 1.55 0.08 0.50 0.78
Posterior 1.85 1.83 0.08 0.15 0.43

Abdominal sternite VII weakly carinate on mid-
line; sternite VIII not modified; proctiger with lateral
tubercles and protuberances (fig. 215). Parameres sym-

metrical, shape as shown in figure 214.

Length: mean = 3.99mm s = 0.i2 N=9.
Width: mean = 1.31 mm s = 0.06 N= 9.
Macropterous male. Unknown.
Apu‘:ﬁ‘)ua female. Dorsum with LulOi‘atu‘)ﬁ ard }‘au i-

ness as in male; abdominal tergites not shining. Con-
nexiva upturned; expanded, incurved, yeilow and
glabrous dorsally along tergites IV and V.

Proeplsternum with many minute black denticles.

Middla famiir armed hevaond middle with 2 maoderate
Middle femur armed ofyond miGlud wilid a moalrad

length (0.20) spine, set in the middle of a row of about
9 smaller spines decreasing in length basally and distai-
ly. Posterior tibia with a few inconspicuous black pegs
distally Abdomen distally angulate (ﬁg 209, 212)' con-
nexiva dlm.auy forming an acute angle, tipped with stiff
setae, apices touching beyond tergite VII. proctiger ex-
tending caudad from tergite VIII, the latter inclined
slightly ventrad.
Length: mean 409 mm s = 0.07 N= 7
7

\Alid+h . mann — 1 20 mm a = NN2 N —
Vi, mmicailr = LoV Qo = V.Wu N =

Macropterous female. Coloration and most other
characteristics as in apterous females. Pronotum not
prolonged, rounded posteriorly; humeri not pro-
duced. Abdomen straight, not upturned. Wings black-
ish brown, lighter basally; long, extending well beyond
apex of abdomen, with four closed cells similar to
Rhagovelia pruinosa. Connexiva straight.
Length: mean = 434mm s=0 N 1.
Width: mean = 1.67mm s=0 N= 1
A

P h g RPN ap 4

Maierial examined. nuu)ty‘ pée, apt tErous male, an -
lotype, apterous female: INDONESIA, Celebes, Sula-
wesi Utara Prov., Kab. Minahasa: spring & stream 2
km. S. of Mokabang, N. of Lake Mala, CL 2123, IX-17-

I
[«
&

ANaiii. VAOX

1985, 950 m. (3120 ft.), . T. & D. A. Polhemus (BMNH).
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Paratypes as follows: 8 apterous males, 6 apterous
females, 1 macropterous female, same data as holotype
(JTPC; MZB).

Discussion. Rhagovelia grayi is most closely related to
R. lorelinduana. In addition to the key characters, R.
grayi may be separated from the latter by the slightly

longer carina on male abdominal sternite VII, less

2QIpCT Lalilla O iaC alQolilal Sieriiiv vV aii, 1CSS

strongly downturned female abdominal tergites VIII
and IX, more robust b uuuy and >uguuy darker colora-
tion. The species name honors Andy Gray of the Project
Wallace military support staff, who took us to the spring
many other ways durmg our stay in northern Celebes.

The type series was taken in the clear outflow from
a roadside spring that flowed along a small overgrown

ditch and into a larger rushing stream beyond. Most of

the insects were found in a dark recess beneath a board
that lay across across the sprmg streamlet. R. minahasa

By S +L groaans ot ¢hicl

i1.3p. occurred syimpa tricall y with R. grayt at uiis localit ty.

Rhagoveiia ioreiinduana,
new species
Figures 141-148

Descripiion. Apterous maie. Ground color orange
brown; abdominal tergites somewhat lighter distally;
anterior transverse band on pronotum yellow brown,

‘AIIAP rparl‘nnrr onto nrnn]pnra VPI’I"PI' orange hrnwn

Wall, ICatiiiilp LYane R’ pPathia. VoIt oian 21 OWiL,

hghter along connexiva; coxal cavities yellowish. Legs
and antennae brown except antennal segment I, all
coxae, all trochanters, basal half of anterior and pos-

terior femora, all femora beneath, yellowish to luteous.
Pronotum Inng r‘nvprlng mesonotum; ]Pnafh wn‘]th

0.90: 1.08. Length of metanotum on mndhne 0.10. Ab-

AAAAAAAAAAAAAAAA S ot "n OQ n oQ
UUlullldl i€er EILCB 1"\’1 auucqual lll lClls 1 \V.40-V.L0),

tergite VII longer (0.53).

Proepisternum with a small field of minute black
dw nticles. Dorsum clothed with short appressed gold-

n setae. Venter clothed with short ppressed golden

PR [P P A L

setae, 10ﬁgér uxcumuy cha and antennae clothed with
usual spines and scattered long setae, with several rows
of iong straight goiden setae on hind femora and tibia
beneath; anterior face of fore tibia shaggy. Posterior
trochanter armed with 8 or 9 small stout teeth. Pos-

tarior femur armed with a hacal row of 16-99 tinv dark
LL11IVL IVALLUL AQLIUIVU WILLL A vaoaAlr 1 VUYY Ul AV &b Llll] Al

teeth, not reaching to the large median spine, which is
followed by 8-10 stouti teeth decreasing in lengih disial-
ly and a second parallel row of 1-3 small stout located
anterior to first. Posterior tibia sinuate, armed beneath
with several rows of dark teeth along entire length, and
at distal 2/3 with one larger tooth. Downcurving arolia

Yol R RN, RO |
OI 111Nna tarsl nduenea.

Antennal formula I: IT: III: IV; 0.95: 0.55: 0.73:
0.58.
Proportions of Legs

femur tibia  tarsal1 tarsal2 tarsal3

Anterior 1.10 1.25 0.05 0.30 -

Middle 1.85 1.75 0.08 0.60 0.75
Posterior  1.83 1.68 0.08 0.18 0.45

Abdominal sternite VII weakly carinate medially,
excavate on each side of midiine; sternite VIiil not
modified, very slightly directed ventrad. Parameres
symmetrical, shape as shown in figure 143.

Length: mean = 3.83mm s = 0.16 =
Width: mean 119 mm s = 0.05 N =10.

Macropterous male. Unknown.

I

4nzencze Fasmenla TNAargrim +h attere
nplcnuua i€maie. vorsum VVI.l.ll sCaticre

r
and carinate on midiine especially pronounced on ter-
mtm V-VI; abdominal termteq not <hmm0 Conne3

strongly raised or v rtlcal, sinuate, incurved and dor-

eally glahrnanig alang taroitac TV_ UV Ntharunca rnlarat
Sauy g1aorous aiong ter FilS 1V - V. UUICTWIS t

and hairiness as in male.

Proepisternum with a smail field of minute biack
denticles. Middle and posterior femur somewhat flat-
tened dorsoventrally. Hind femur armed at distal 2/3

with a moderate lenoth (0.13) cpvnp followed bv a row

with a mogerate aCLIgUL (V.28 1110, 100WCG a I10OW

of 5 small spmes decreasing in length distally. Posterior
tibia unarmed.

Abdomen distally truncate except connexiva dis-
tauy produced meetmg distaily over tergite VIi, form-
ing a pair of acuminate plate-like structures (fig. 142).

Tergites VIII-IX strongly directed ventrally.

Lengih: mean = 4.i0 mm s = 0.13 N =10.
Width: mean = 1.20mm s = 0.05 N =10.
Macropterous female. Unknown.
Material examined. Holotype, apterous male, and al-

lotype, apterous female: INDONESIA, Celebes, Sula-

wesi Tengah Prov., Kab. Donggala stream 10 km. SE
ationa lparlf ClL. 2156, X-

aatienal ar 4100,

of Kamarora, Lore Lindu
of Xamarera, Lore Lang

5-1985, 950 m. (3120 ft.), J. T. & D. A. Polhemus

/TTCNTRAAN
(UJINIvL).

Paratypes as follows: Many apterous males,

Y

females and nymphs, same data as holotype (JTPC).

Ulscussmn. nnagoveua LUTeLl’LdudTLa lb most LlObCly re-
lated to R. grayi; see key and discussion under grayi. In
addition lorelinduana females have a median carina on
abdominal tergites V-VII lacking in grayi, and the ter-
minal processes of the connexiva are more pronounced
in the former. These two taxa are apparently allopatric
sister species. The species name is derived from the type

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230
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locality, the beautiful Lore Lindu National Park in the
central Celebes.

The type series was taken from dark sheltered
pools along a swift mountain stream heavily shaded by
primary montane rain forest in the headwaters of the
Palolo Valley. The insects were often taken by scooping
with a net into protected pockets beneath the banks or
along fallen logs, and appeared to be negatively photo-
tactic. R. hamdjahi n.sp. occurred sympatrically with R.
lorelinduana at this locality.
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Figures 1-9. Morphology of Rhagovelia lugubris Lundblad (Java). 1, ventral view of female; 2, lateral view of female ab-
dominal terminalia; 3, lateral view of male genital segments; 4, male paramere or clasper; 5, lateral view of male ab-
dominal segments, showing segmentation and location and detail of stridulatory pegs on abdomen; 6, ventral view of
male posterior leg, with auxilliary detail of stridulatory file on dorsum of trochanter; 7, dorsal view of male; 8, dorsal
view of female; 9, forewing, with veins labelled. Legend: I-VIII, abdominal segments; An, anal vein; CI, clasper or
paramere; Cu, cubitus; Ev, evaporative channel; Fe III, posterior femur; GxI, first gonocoxae; J, jugum; M, media; Ms,
mesothorax (mesonotum or mesosternum); Mt, metathorax (metanotum or metasternum); P, pronotum; Pes, proepister-
num; Pg, pygophore; Pr, proctiger; Ps, prosternum; R, radius; Sc, subcosta; Tr III, posterior trochanter.
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Fig. 10. Habitat partitioning by elevation of two Rhagovelia species on Mt. Sabela, Bacan Island (north Moluccas)
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Fig. 11. Habitat partitioning by elevation of four Rhagovelia species in the Minahasa region (north Celebes).
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Fig. 12. Habitat partitioning by elevation of four Rhagovelia species in the Lore Lindu National Park area (central
Celebes).
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Habitat partitioning by elevation of seven Rhagovelia species in the Mt. Kinabalu region (Sabah, north Borneo).

Fig. 13.
Numbers on upper portion of lower scale correlate to numbers of collection locations in figure 14.
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Fig. 14. Collection locations for Rhagovelia species on Mt. Kinabalu (Sabah, north Borneo). Dotted line indicates boundries
of Kinabalu National Park. Collection locations are indicated by numbers (see individual species descriptions for further
**** m 1 km. S. of Poring Hot Springs; 5,

“““ sircam
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Figures 15-27. 15-22, Rhagovelia tawau new species (Sabah, north Borneo). 15, dorsal view of male; 16, dorsal view of
female; 17, male paramere or clasper; 18, lateral view of male abdominal terminalia; 19, lateral view of female abdominal
terminalia; 20, male posterior leg; 21, female posterior leg; 22, forewing. 23-27, Rhagovelia forewings, showing cell pat-
terns. 23, Rhagovelia novacaledonica Lundblad (note adventitious fifth cell); 24, Rhagovelia sumatrensis Lundblad; 25, Rhagovelia
bipennicillata Lundblad; 26, Rhagovelia celebensis new species; 27, Rhagovelia wallacei new species.
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Figures 28-42. 28-35, Rhagouvelia bacanensis new species (Bacan, north Moluccas). 28, dorsal view of male; 29, dorsal
view of female; 30, male paramere or clasper; 31, lateral view of female abdominal terminalia; 32, female posterior leg;
33, dorsal view of male proctiger; 34, lateral view of male abdominal terminalia; 35, male posterior leg. 36-42, Rhagovelia
obi new species (Obi, north Moluccas). 36, dorsal view of male; 37, dorsal view of female; 38, male paramere or clasper;
39, lateral view of female abdominal terminalia; 40, lateral view of male abdominal terminalia; 41, female posterior leg;
42, male posterior leg.
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Figures 43-53. 43-45, Rhagovelia unica new species (Sabah, north Borneo). 43, dorsal view of female; 44, lateral view

of female abdominal terminalia; 45, female posterior leg. 46-53, Rhagovelia sabela new species (Bacan, north Moluccas).
emale; 48, forewing; 49, male paramere or clasper; 50, lateral view of female

abdominal terminalia; 51, lateral view of male abdominal terminalia; 52, female posterior leg; 53, male posterior leg.
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Figures 54-73. 54-60, Rhagovelia incognita new species (Sabah, north Borneo). 54, dorsal view of male; 55, dorsal view
of female; 56, male paramere or clasper; 57, lateral view of male abdominal terminalia; 58, lateral view of female ab-
dominal terminalia; 59, female posterior leg; 60, male posterior leg. 61-67, Rhagovelia simulata new species (Sabah, north
Borneo). 61, dorsal view of male; 62, dorsal view of female; 63, male paramere or clasper; 64, lateral view of female ab-
dominal terminalia; 65, female posterior leg; 66, lateral view of male abdominal terminalia; 67, male posterior leg. 68-
73. Rhagovelia ranau new species (Sabah north Bomeo) 68, male paramere or clasper; 69, lateral view of male abdominal
terminalia; 70, lateral view of female abdominal terminalia; 71, ventral view of male abdominal terminalia; 72, female

posterior leg; 73, male posterior leg.
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Figures 74-88. 74-80, Rhagovelia kawakamii (Matsumura) (Sabah, north Borneo). 74, dorsal view of male; 75, dorsal view
of female; 76, male paramere or clasper; 77, lateral view of female abdominal terminalia; 78, lateral view of male ab-
dominal terminalia; 79, female posterior leg; 80, male posterior leg. 81-88, Rhagovelia melanopsis new species (Sabah, north
Borneo). 81, dorsal view of male; 82, dorsal view of female; 83, male paramere or clasper; 84, dorsal view of male proc-

tiger; 85, lateral view of female abdominal terminalia; 86, lateral view of male abdominal terminalia; 87, female posterior

leg; 88, male posterior leg.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
Pages: 161-230



220 INSECTA MUNDI Vol. 2, nos. 3 & 4, Sept./Dec. 1988

Figures 89-105. 89-98, Rhagovelia borneensis new species (Sabah, nortt rneo). 89, dorsal view of male; 90, dorsal view
of female; 91, female posterior leg; 92, male posterior leg; 93, male paramere or clasper; 94, forewing; 95, ventral view
of male abdominal terminalia; 96, dorsal view of male proctiger; 97, lateral view of male abdominal terminalia; 98, lateral
view of female abdominal terminalia. 99-105. Rhagovelia silau new species (Sabah, north Borneo). 99, dorsal view of male;
100, dorsal view of female; 101, male paramere or clasper; 102, lateral view of female abdominal terminalia; 103, lateral

view of male abdominal terminalia; 104, female posterior leg; 105, male posterior leg.
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Figures i06-i33. 106-1i4, Rhagovelia sondaica new species (Sarawak, west Borneo). 106, dorsal view of male; 107, dorsal
view of female; 108, dorsal view of macropterous male from Templar Park, peninsular Malaysia; 109, ventral view of head
showing narrow jugum; 110, male paramere or clasper; 111, lateral view of female abdominal terminalia; 112, lateral view
of male abdominal terminalia; 113, male posterior leg; 114, female posterior leg. 115-121, Rhagovelia samarinda new species
(Kalimantan Timur Prov., east Borneo). 115, dorsal view of male; 116, male paramere or clasper; 117, ventral view of head
showing broad jugum; 118, lateral view of female abdominal terminalia; 119, lateral view of male abdominal terminalia;
120, female posterior leg; 121, male posterior leg. 122-127. Rhagovelia tebakang new species (Sarawak, west Borneo). 122,
dorsal view of male; 123, male paramere or clasper; 124, lateral view of female abdominal terminalia; 125, lateral view of
male abdominal terminalia; 126, female posterior leg; 127, male posterior leg. 128-133, Rhagovelia sarawakensis new species

IQarnziral oo MDocnn~y 10Q davcal wviaw, ~ Aarnala. mala . 1 1
(Sarawak, west Borneo). 128, dorsal view of female; 129, male paramere or clasper; 130, lateral view of female abdominal

terminalia; 131, lateral view of male abdominal terminalia; 132, female posterior leg; 133, male posterior leg.
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Figures 134-148.  134-140, Rhagovelia hamdjahi new species (central Celebes). 134, dorsal view of male; 135, dorsal view
of female; 136, male paramere or clasper; 137, male posterior leg; 138, lateral view of female abdominal terminalia; 139,
female posterior leg; 140, lateral view of male abdominal terminalia. 141-148, Rhagovelia lorelinduana new species (central
Celebes). 141, dorsal view of male; 142, dorsal view of female; 143, male paramere or clasper; 144, lateral view of female
abdominai terminaiia; 145, maie posterior ieg; 146, female posterior leg; 147, dorsal view of male prociiger; 148, lateral
view of male abdominal terminalia.
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Figures 149-164. 149-157, Rhagovelia pruinosa new species (south Celebes). 149, dorsal view of male; 150, dorsal view of
female; 151, female posterior leg; 152, male posterior leg; 153, forewing; 154, dorsal view of macropter showing abdominal
carinae; 155, lateral view of male abdominal terminalia; 156, male paramere or clasper; 157, lateral view of female ab-
dominal terminalia. 158-164. Rhagovelia sulawesiana new species (south Celebes). 158, dorsal view of male; 159, dorsal view
of female; 160, male posterior leg; 161, lateral view of male abdominal terminalia; 162, female posterior leg; 163, male

paramere or clasper; 164, lateral view of female abdominal terminalia.
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Figures 165-178.

165-171, Rhagovelia ambonensis Lundblad (Ambon). 165, dorsal view of male; 166, dorsal view of female;

167, male posterior leg; 168, female posterior leg; 169, lateral view of male abdominal terminalia; 170, lateral view of
female abdominal terminalia; 171, male paramere or clasper. 172-178, Rhagovelia meikdelyi new species (Ambon). 172, dor-
sal view of male; 173, dorsal view of female; 174, male posterior leg; 175, female posterior leg; 176, lateral view of male
abdominal terminalia; 177, lateral view of female abdominal terminalia; 178, male paramere or clasper.
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Figures 179-193. 179-186, Rhagovelia celebensis new species (north Celebes). 179, dorsal view of male; 180, dorsal view of
female; 181-182, male paramere or clasper, two views; 183, lateral view of female abdominal terminalia; 184, lateral view
of male abdominal terminalia; 185, male posterior leg; 186, female posterior leg. 187-193, Rhagovelia wallacei new species

emale; 189, male paramere or clasper; 190, lateral view of female

abdominal terminalia; 191, lateral view of male abdominal terminalia; 192, male posterior leg; 193, female posterior leg.
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Figures 194-207. 194-200, Rhagovelia samardaca new species (Sabah, north Borneo). 194, dorsal view of male; 195, dor-
sal view of female; 196, male posterior leg; 197, female posterior leg; 198, lateral view of male abdominal terminalia; 199,
lateral view of female abdominal terminalia; 200, male paramere or clasper. 201-207, Rhagovelia christenseni new species
(Kalimantan Timur Prov., east Borneo). 201, dorsal view of male; 202, dorsal view of female; 203, male posterior leg;
204, female posterior leg; 205, lateral view of male abdominal terminalia; 206, lateral view of female abdominal terminalia;

=, 1€ nat ter

207, male paramere or clasper
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Figures 208-222. 208-215, Rhagovelia grayi new species (north Celebes). 208, dorsal view of male; 209, dorsal view of
female; 210, female posterior leg; 211, male posterior leg; 212, lateral view of female abdominal terminalia; 213, lateral
view of male abdominal terminalia; 214, male paramere or clasper; 215, dorsal view of male proctiger. Figures 216-222,
Rhagovelia minahasa new species (north Celebes). 216, dorsal view of male; 217, dorsal view of female; 218, male posterior
leg; 219, female posterior leg; 220, lateral view of female abdominal terminalia; 221, lateral view of male abdominal ter-

minalia; 222, male paramere or clasper.

N

J.T. Polhemus and D.A. Polhemus: Rhagovelia

n 101 _gan
rages: 101-40V



228 INSECTA MUNDI Vol. 2, nos. 3 & 4, Sept./Dec. 1988

OLEY | Tfﬁ; =
G| g

Borneo
223 nna

224

10 12 114 16 18
L h H h 1

110 12 14 16 8
h { h h h

Fig. 223. Distribution of Rhagovelia species on Borneo: Fig. 224.
squares, R. sarawakensis new species; triangles, R. simulata
new species; circles, R. melanopsis new species.

Distribution of Rhagovelia species on Borneo:
squares, R. tebakang new species; triangles, R. tawau new
species; circles, R. incognita new species.
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Fig. 225. Distribution of Rhagovelia species on Borneo: Fig. 226.
squares, K. christenseni new species; circles, K. ranau new
species.
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Distribution of Rhagovelia species on Borneo:
squares, R. samarinda new species; triangies, R. samardaca
new species; circle, R. borneensis new species.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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Fig. 227.

squares, R. sondaica new species; triangles, R. silau new

Distribution of Rhagovelia species on Borneo:

species; circles, R. kawakamii (Matsumura).
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Fig. 229.

Distribution of Rhagovelia species on Celebes:

squares, R. pruinosa new species; circies, R. celebensis new

species.

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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Fig. 228.

Distribution of Rhagovelia species on Celebes:

square, R. lorelinduana new species; circles, R. minahasa new

species.
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Fig. 230.

Distribution of Rhagovelia species on Celebes:

squares, R. sulawesiana new species; circles, R. wallacei new

species.
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Fig. 231.

Distribution of Rhagovelia species on Celebes:

square, R. hamdjahi new species; triangle, R. unica new
species; circle, R. grayi new species.
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Fig. 232.
cas: sq_uare,

Distribution of Rhagovelia species on the Moluc-
R. meikdely new species; triangle, R. obi new

species; circle, R. sabela new species.
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Fig. 233.

the Moluccas:

circles, R. bacanensis new species.

Distribution of Rhagovelia species on
squarc, R. amoonemu Luuumau,

J.T. Polhemus and D.A. Polhemus: Rhagovelia
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