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PREFACE TO VOLUME 15

The systematic treatment of Hawaiian Collembola by Zimmerman in Insects of
Hawaii, vol. 2 (1948), is essentially a modified compilation from the papers by
Folsom (1932) and Carpenter (1904). Zimmerman listed 32 species in 24 genera,
but suggested that these species were only a fraction of the actual fauna; he consid-
ered it questionable whether any of those he recorded were endemic. In the last
three decades much more extensive collecting, especially by the present authors
and the staff of the Bernice P. Bishop Museum, has given a more complete picture
of the fauna. We here record 154 species, not all well enough known to be formally
described; of these, 92 seem to be endemic to the Hawaiian Islands. A few new spe-
cies were described in preliminary papers (Bellinger and Christiansen 1974, Chris-
tiansen and Luther 1986, Snider 1990). In the present work, 63 additional new
species are described and a considerable number of additional species are newly
recorded from the Islands. The fauna is evidently still undergoing modification;
there is good reason to believe that many immigrant as well as some endemic spe-
cies have become extinct in the last half century.

The classification followed here is essentially that of Christiansen and Bellinger
in The Collembola of North America (1980-1981). Although we are aware of imperfec-
tions in this classification, we prefer not to make fundamental modifications to the
arrangement on the basis of this limited fauna. Furthermore, we believe that
recent reclassifications of some groups of Collembola, while admirably increasing
our understanding of relationships, suffer from objectionable and semantically use-
less inflation of category levels.

Distribution of species as given in the text includes information on type collec-
tions and a list of sample numbers, arranged by islands, corresponding to the “List
of Numbered Localities” at the end of the book. In the distribution maps, conven-
tions are as follows:

x = 1 collection from that locality
® = 5-7 collections from that locality
@ = 8 or more collections from that locality

In the plates showing species characters, conventions are as follows: Double cir-
cles or circles with a central dot represent pseudopores. Circles or dots with thin
wavy lines represent bothriotricha. Arrows indicate anterior or dorsal directions,
or in the case of dorsal views, anterior and outward directions. In plate captions,
the term same means the specimen is from the same locality as the preceding speci-
men, or copied from the same author.

Many people have assisted during the eight years we have been working on this
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project, and a number of these are recognized in naming the new species described
herein. In addition to these we would like to thank Steve Montgomery and Frank
Howarth for their general and generous assistance. We would also like to thank the
staff of the Bishop Museum for their generous hospitality in making resources
available to the senior author during three collecting trips. In particular we would
like to thank Gordon Nishida, whose assistance in all aspects of our work was
essential to its completion. Greg Luther and Susan Durkee were of great assistance
in the early stages of this work. Most of the manuscript preparation was done by
Carol Elliott and John Marshall of Grinnell College. Their heroic patience is
greatly appreciated. The work was made possible by a number of institutional
grants from Grinnell College and Whitehall Foundation grant 86 M.O.S.

All type specimens of new species herein described will be deposited at the
Bernice P. Bishop Museum, Honolulu.



CHECKLIST OF THE INSECTS IN THIS VOLUME

Family HYPOGASTRURIDAE
Subfamily HYPOGASTRURINAE

Genus Hypogastrura Bourlet
Subgenus Hypogastrura

pahiku, n. sp.

Subgenus Ceratophysella Bérner

boletivora (Packard)

Subgenus Schoettella Schiffer

alba (Folsom)

Genus Xenylla Tullberg

alba Folsom

auka, n. sp.

grisea Axelson
hawaiiensis Gama
welchi Folsom
yucatana Mills

Genus Willemia Bérner

peke, n. sp.

Subfamily NEANURINAE

Genus Odontella Schiffer

kapii, n. sp.
uka, n. sp.

Genus Stachia Folsom

minuta Folsom

Genus Brachystomella Agren

contorta Denis
hawaiiensis Yosii
heo, n. sp.
kahakai, n. sp.
kiko, n. sp.
momona, n. sp.
parvula (Schiffer)

Genus Setanodosa

kanalua, n. sp.

Genus Friesea Dalla Torre

kai, n. sp.
ninau, n. sp.
oleia, n. sp.

Genus Oudemansia Schott

esakii (Kinoshita)

Order COLLEMBOLA

= Sl - Other
s|s]12| 82| S .
HAEICIEIIE] Localities
T[] =[]0
X X
X X North America
X
X
X
X Cosmopolitan
X X | x
X Cosmopolitan
x | Pantropical
X
X
X
X
X | x x | x | Midway; pantropical
X
X
X
X Nihoa
X
X x | x | Cosmopolitan
X X
X X | X
X | x x | x | Pearl and Hermes Reef
X
b d Laysan, Pearl and Hermes Reef; East
Asia
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Genus Aethiopella Handschin
kuolo, n. sp.

Genus Pseudachorutes Tullberg
poahi, n. sp.

Genus Anurida Laboulbéne
anini, n. sp.

Genus Paranura Axelson
nalo, n. sp.

Genus Neanura MacGillivray
Subgenus Protanura Borner
aleo, n. sp.
capitata Folsom
citronella Carpenter
hawaiiensis Bellinger and Christiansen
Subgenus Neanura
muscorum Templeton
Subgenus Vitronura Yosii
giselae Gisin
Subgenus Paleonura Cassagnau
ili, n. sp.
Subgenus Morulodes Cassagnau
setosa Canby

Family ONYCHIURIDAE

Genus Onychiurus Gervais
Subgenus Onychiurus
folsomi Schéiffer
Subgenus Protaphorura Absolon
cryptopygus Denis
encarpatus Denis

petaloides Rusek

Genus Tullbergia Lubbock
macrochaeta Rusek
ruseki Christiansen and Bellinger
silvicola Folsom
yosiii Rusek

Genus Prabhergia Salmon
nayarii Salmon

Family ISOTOMIDAE

Genus Anurophorus Nicolet
lohi, n. sp.

Genus Isotomodes Linnaniemi
dagamae Prabhoo
denisi Folsom
fiscus Christiansen and Bellinger

Genus Folsomides Stach
parvulus Stach

Molokai
Lanai
Oahu
Kauai

Hawaii
Maui

Other

Localities

%

KoK o®ox

Pearl and Hermes Reef; cosmopolitan

Europe, pantropical

Western United States

Midway; holarctic

Central and South America, Antilles
Pearl and Hermes Reef; United States
to Argentina

Iraq

Holarctic

Eastern and central United States
North America

Midway; holarctic

India, Indonesia

India

United States

Pearl and Hermes Reef; cosmopolitan

at low latitudes



Genus Proisotoma Boérner
Subgenus Ballistura Bérner
centralis Denis

Subgenus Proisotoma
minuta (Tullberg)
nigromaculosa Folsom

Genus Archisotoma Linnaniemi
sp.

Genus Cryptopygus Willem
thermophilus (Axelson)

Genus Folsomina Denis
onychiurina Denis

Genus Folsomia Willem
candida Willem
stella Christiansen and Tucker
octoculata Handschin

Genus Isotomiella Bagnall
alulu, n. sp.
minor (Schiffer)

Genus Axelsonia Borner
sarahae, n. sp.

Genus Isotomurus Bérner
opala, n. sp.
palustris (Miiller)

Genus Isotoma Bourlet

Subgenus Pseudisotoma Handschin
sensibilis Tullberg

Subgenus Halisotoma Bagnall
kainui, n. sp.

Subgenus Desoria Nicolet
ahiehie, n. sp.
bendixenae, n. sp.
notabilis Schéffer
trispinata MacGillivray

perkinsi Carpenter
Family ENTOMOBRYIDAE
Subfamily ENTOMOBRYINAE

Genus Orchesellides Bonet
sinensis (Denis)

Genus Heteromurus Wankel
Subgenus Alloscopus Bérner
tenuicornis Borner

Genus Entomobrya Rondani
Subgenus Homidia Bérner
insularis Carpenter
haikea, n. sp.
hihiu, n. sp.
laha, n. sp.

CHECK LIST 3
i s . Other
Sl3|2| 528 e
HEICIEIEE Localities
T2 =20~
X X | x Midway; Central and South America,
Indonesia, Australia
x | x | x | Cosmopolitan
x: | % |2 X Midway; South Africa?
%
x |2 | 2 X | x | Pearl and Hermes Reef, Midway,
Kure; cosmopolitan
x| x x | X | Pearl and Hermes Reef; cosmopolitan
X | X X | x | x | Cosmopolitan
X Nearctic and arctic regions
X X | x | Indonesia and East Asia
X
X | x X | x | Cosmopolitan
x X Pearl and Hermes Reef
X X | X X X
X Cosmopolitan
X | x|x x | x | Holarctic and Indonesian regions
X X
X X X X
X
X X Cosmopolitan
X X Holarctic, India, Indonesia
X
x | x China
X Indonesia and southwestern Pacific
X
X ac | o | X
XX
x| x % x| %




sauteri Borner
socia Denis

Subgenus Entomobrya
albocincta (Templeton)
atrocincta Schott
nyhusae, n. sp.
powehi, n. sp.
griseoolivata (Packard)
panoanoa, n. sp.
multifasciata (Tullberg)
unostrigata Stach

Subgenus Entomobryoides Maynard

mauna, n. sp.

puakea, n. sp.

malena, n. sp.

kea, n. sp.

guthriei Mills

kalakaua Carpenter
Subgenus Mesentotoma Salmon

mauka, n. sp.

nani, n. sp.

Genus Sinella Brook

Subgenus Coecobrya Yosii
borerae, n. sp.
kukae, n. sp.
lua, n. sp.
caeca (Schott)
nupa, n. sp.

Subgenus Sinella
curviseta Brook

yosiia Bellinger and Christiansen

Genus Willowsia Shoebotham
kahlertae, n. sp.
mekila, n. sp.

Jjacobsoni (Bérner)

Genus Hawinella Bellinger and Christiansen

kuaola, n. sp.
lava Bellinger and Christiansen

Genus Seira Lubbock
gobalezai, n. sp.
lelo, n. sp.
pihuly, n. sp.
terrestris (Folsom)

Genus Lepidocyrtus Bourlet
aho, n. sp.
apo, n. sp.
eeu, n. sp.
hakea, n. sp.
hukulii, n. sp.
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B E o Other
I Localiti
AKEICIE: S| 3 ocalities
T[22 |3]|0|
X|x|x X | Southeast Asia, United States
X | x X | X | X | Southeast Asia, United States
X | x Western palearctic
X|x|x X | X | Pearl and Hermes Reef; cosmopolitan
x| x X | X | French Frigate Shoals
X|X|Xx X | x
X|x X | x [ Laysan; North America, Europe
X X | X
X | x| x|x|x|[x | Pearl and Hermes Reef; cosmopolitan
Midway; Europe, North America, Aus-
tralia
XX X
X X
X X
X | X X
X|x|x X | X [ United States
X | X X | X
XX |Xx
X | X
X | X X | X
X
X
X X Cosmopolitan
X
XX X | X
XX X
X X |x
X
X | x X Pantropical
X
X X
X
X Nihoa
X Midway
X X X | x | French Frigate Shoals, Laysan, Mid-
way, Kure; Ocean I., Marcus I., Philip-
pines
X
X X x| x
X|x|x|x|x|[x
X X | X Midway
X|X X | X



CHECK LIST
= %’ =l =la Other
HIELG S1gE| & Localities
T|2|2(A|O]|M
kuakea, n. sp. x | x X
heterophthalmus Carpenter x
immaculatus Folsom x|x|x|x|x[x]| Midway
inornatus Folsom x Marquesas Is.
mele, n. sp. x| x|x|x|x[x| Midway
pallidus Reuter X X Midway; Europe, Africa, North and
South America
olena, n. sp. x [ x x | x | Midway
poko, n. sp. X
violaceus (Fourcroy) x Europe, Asia, North America
uku, n. sp. b
Genus Pseudosinella Schiffer
fujiokai Yosii x| x x | x | Tongals., Indonesia
kalalauensis Christiansen and Luther x x
lahainaensis Christiansen and Luther x | x Sonora, Mexico
octopunctata Borner X|x|x Holarctic, Southeast Asia, south tem-
perate
Subfamily CYPHODERINAE
Genus Cyphoderus Nicolet
similis Folsom x | x| x |x | x| x| Laysan, Pearl and Hermes Reef; North
and South America, West Africa
Subfamily PARONELLINAE
Genus Salina MacGillivray
celebensis Schiffer x | x| x|x|x|x | French Frigate Shoals; Southeast Asia,
Indonesia, South America
Subfamily ONCOPODURINAE
Genus Harlomillsia Bonet
oculata (Mills) x[x|x X Southern United States to northern
South America, Southeast Asia, Indo-
nesia
Subfamily TOMOGERINAE
Genus Tomocerus Nicolet
minor (Lubbock) X [ x [x|x|x|x | Western palearctic, North America,
New Zealand
Family NEELIDAE
Genus Neelus Folsom
Subgenus Neelides Caroli
minutus Folsom b X x | x | Holarctic
Subgenus Megalothorax Willem
piloli, n. sp. x [ x X
poki, n. sp. X X
Family SMINTHURIDAE
Genus Sminthurides Borner
ramosus Folsom x Central America?, West Africa?
biniserratus (Salmon) x [ x X Southeast Asia, Indonesia, Argentina
lolelua, n. sp. X Midway
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Genus Arrhopalites Borner
benitus (Folsom)
caecus (Tullberg)

Genus Sminthurinus Bérner
elegans (Fitch)
kaha, n. sp.
quadrimaculatus (Ryder)

Genus Bourletiella Banks
Subgenus Bourletiella
hortensis (Fitch)

insula Folsom

Subgenus Deuterosminthurus Bérner
polena, n. sp.

Subgenus Prorastriopes Delamare
lippsoni Snider

Subgenus Heterosminthurus Stach
ihu, n. sp.

Genus Sphyrotheca Bérner
nani, n. sp.

Genus Dicyrtoma Bourlet

Subgenus Papirioides Folsom
dubia (Folsom)
kauaiensis Snider
serrata Snider

Subgenus Ptenothrix Bérner
hawaiiensis Snider

Subgenus Calvatomina Yosii
bellingeri Snider
brevifibra Snider
longidigita Snider
madestris Snider
microdentata Snider
sylvestratilis Snider
tesselata Snider

Hawaii

Maui

Molokai

Lanai

Oahu
Kauai

Other
Localities

E

»

"

North America
Holarctic, Australia

Holarctic, Australia

North America

Holarctic, Southeast Asia, Australia,
Patagonia

United States



Order COLLEMBOLA

Collembola are terrestrial arthropods with insectlike segmentation of the head
and thorax and an abdomen with six segments (properly, five and telson). The
mouthparts are withdrawn into the head capsule (entotrophous); wings are
primitively absent; the distal leg segment is a tibiotarsus with a dorsal unguis and
usually a ventral unguiculus borne on an apical pretarsus. The first abdominal seg-
ment bears a ventral pair of basally fused vesicles, the collophore; most species
have ventral bifurcate appendages, the tenaculum and furcula, on the third and
fourth abdominal segments (the furcula, a jumping appendage that gives the name
“springtail”’ to the group, may appear to arise from the fifth abdominal segment,
but the musculature makes its true position clear). With very few exceptions (e.g.,
Tomocerus), juveniles closely resemble adults.

Collembola are abundant and ubiquitous, probably exceeding all other insects
in numbers of individuals, but their small size and sensitivity to desiccation restrict
most species to humid situations. Most Collembola are detritus feeders; a few are
known to feed on leaves or roots of living plants, but only one of these, Sminthurus
vindis L. (not Hawaiian), is economically significant. Early reports (e.g., Van
Zwaluwenburg 1931a) of root damage to sugarcane by Collembola in Hawaii are
not supported by more recent studies; at least some species that are abundant in
fields have been shown to feed preferentially on weeds or fungi rather than crops
(Ulber 1980) and to favor plant growth by consuming pathogenic fungi (Ulber
1983, Curl 1982).

For a general treatment of the morphology and biology of Collembola, see
Christiansen and Bellinger (1980-1981).

KEey 1o FAMILIES OF COLLEMBOLA

1. Body linear (Fig. 1A,B): at least anterior 4 abdominal segments dorsally sepa-
rated by membranes lacking setae, or furcula rudimentary or absent (subor-

der Arthropleona). . ... .. ... . 2
Body globular (Fig. 1C); anterior 4 abdominal segments fused dorsally; furcula
always well developed (suborder Symphypleona).......................... 10

1A 1B 1C
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2(1). First thoracic segment dorsally distinct and with dorsal setae (Fig. 2A)(section

Poduromorpha). ........... . 3
First thoracic segment without dorsal setae and frequently not visible dorsally
(Fig. 2B)(section Entomobryomorpha). . . ........ ... .. .. ... o il 5

2B

3(2). Dentes more than 3 times as long as manubrium, with distal rings of granules
(Fig. 3A). ..o Poduridae (not found in Hawaii)
Dentes absent or relatively shorter and not ringed (Fig. 3B)..................... 4

4(3). Pseudocelli present, at least on antennal base (Fig. 4) or dorsum of fifth abdomi-
nalsegment. . .......... .. i Onychiuridae
Pseudocelli absent Hypogastruridae

5(2). Mucro hairy (Fig. 5A); fourth antennal segment shorter than third; body scaled
(first-instar juveniles of at least some species of Tomocerus lack all these charac-

ters and will run to Isotomidae)......... Entomobryidae (subfamily Tomocerinae)
Mucro with at most 1-2 setae (Fig. 5B); fourth antennal segment at least as long
as third; scales presentorabsent. .. ......... ... ... .. e 6

5A 5B

6(5). Dentes with dentate spines (Fig. 6A); mucro subequal in length to dens or longer
............................... Entomobryidae (subfamily Oncopodurinae)
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Dental spines simple (rarely) (Fig. 6B) or absent; mucro usually much shorter

6A 6B
7(6). Postantennal organ present (Fig. 7A), or absent and setae at most unilaterally
cliate. . ... e Isotomidae
Postantennal organ absent (Fig. 7B); some setae multilaterally ciliate. . .. ........ 8

(Fig. 8A)...... ... Entomobryidae (subfamily Entomobryinae)
Dens not crenulate, straight and usually forming a basal angle with manubrium
(Fig. 8B,C). o oo 9

8C

9(8). Eyes and pigment absent; dens with large dorsal scales and without apical lobe
(Fig.8C). ... Entomobryidae (subfamily Cyphoderinae)
Eyes and pigment present; dens without dorsal scales and with apical lobe (Fig.
8B). ... Entomobryidae (subfamily Paronellinae)
10(1). Antenna shorter than head; eyesabsent. . ...................... ... .. Neelidae
Antenna longer than head, or at least 1 + 1 eyes (sometimes unpigmented)......
........................................................ Sminthuridae

Suborder ARTHROPLEONA

Linear Collembola, with distinct trunk segmentation indicated at least by
chaetotaxy and usually by distinct segmental limits. This suborder includes the
majority of species of Collembola.
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Section PODUROMORPHA

Linear Collembola with the pronotum developed and setaceous; no other char-
acters reliably distinguish all members from Entomobryomorpha, but all species
with the furcula short or absent and the postantennal organ lobed or absent belong
here. The family Poduridae, with the single holarctic species Podura aquatica, is so
far unknown in Hawaii.

Family HYPOGASTRURIDAE

This is a diverse group as recognized here, best recognized by the absence of
true pseudocelli and the simplicity of the sense organ of the third antennal seg-
ment. All Hawaiian poduromorphs with a furcula, or pigment, or eyes, or without
a postantennal organ belong here. Two subfamilies are recognized here, for con-
venience (the actual relationships among the genera are more complex).

KEY TO SUBFAMILIES OF HYPOGASTRURIDAE

Mandible with a basal molar plate (Fig. 9A). ........................ Hypogastrurinae
Mandible without a molar plate (Fig. 9B)orabsent........................ Neanurinae

9A

Subfamily HYPOGASTRURINAE

The mandibular molar plate is easily seen in cleared specimens and will distin-
guish the few Hawaiian species from Neanurinae.

Table 1. Characteristics of Hawaiian Genera of Hypogastrurinae

EYES POSTANTENNAL CLAVATE

PER ORGAN TENENT TENACULAR  BODY
GENUS SIDE LOBES* UNGUICULUS HAIRS FURCULA  TEETH PIGMENT*
Hypogastrura 8 (4)-(6) +,- 0-1 + 3-4 +(-)
Willemia 0 7-8 + - - - -
Xenylla 4-5 - - 1-2 -+ 2-3 +

*Parentheses represent exceptional conditions.
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KEY To GENERA OF HYPOGASTRURINAE

1. Postantennal organ absent. ................ooueiiiiiiiieiiiin..... Xenylla
Postantennal organ Present. .. ...........uiit it 2
2(1). Eyespresent. . ....... ... .. Hypogastrura
Eyesabsent. ...... ... . . . Willemia

Genus HYPOGASTRURA Bourlet, 1839
Type species: Achorutes viaticus Tullberg, 1872

This genus includes all Hawaiian species of poduroids with a molar plate on the
mandible and 8 + 8 eyes. The genus is comparatively poorly represented in
Hawaii. The three species belong to three different subgenera; two are endemic,
and the third is probably the same as a nearctic species: Hypogastrura (Schoettella)
alba, H. (Hypogastrura) pahiku, and H. (Ceratophysella) boletivora.

Key To HawaliaN SpEciES OF HYPOGASTRURA S.L.

1. Anal spines much longer than hindunguis. . . ................. H. (C.) boletivora
Anal spines shorter than hind unguisorabsent. .............. ... ... ......... 2
2(1). Anal spines and unguiculusabsent. . .............................. H. (S.) alba
Anal spines and unguiculus well developed. .. ................... H. (H.) pahiku

Subgenus HYPOGASTRURA s.str.

This, the largest subgenus, is quite diverse in characters, but may be distin-
guished from Schoettella by the presence of the unguiculus and from Ceratophysella by
the sensory seta of the second thoracic segment, at p,, and the simpler form of the
mucro.

Hypogastrura (Hypogastrura) pahiku Christiansen and Bellinger, new species
(Plate 1)

Color bluish purple to brownish purple; pigment in small densely packed specks
0.0017-0.0024 mm in diameter with a number of large pale spots, or more uni-
formly distributed large granules 0.0025-0.0034 mm in diameter that are more
loosely packed, with scattered fine granules. Fourth antennal segment with promi-
nent apical bulb, unlobed but usually apically indented and slightly to clearly dis-
placed from apex, and 8 clearly differentiated blunt setae. Apical organ of third
antennal segment with 2 small, ovoid knobs and 2 larger lateral sense pegs. First
antennal segment with 8 setae. Head a rounded hexagon in dorsal view. Labrum
without prominent projections. Postantennal organ with 5 (rarely 4 or 6) lobes in
an ellipse, 1.5-2 times as long as diameter of nearest eye. Eyes subequal. One
weakly clavate tenent hair, longer than unguis, per foot. Unguis with small lateral



P

Plate 1—Hpypogastrura (Hypogastrura) pahiku: A, habitus (5136, Hawaii); B, dorsal surface of fourth antennal seg-
ment and apex of third (holotype); C, ventral surface, fourth antennal segment (same); D, maxillary palp (5136,
Hawaii); E, maxilla (paratype); F, right and left maxillae (5136, Hawaii); G, postantennal organ and near eyes
(paratype); H, labrum and prelabral setae (paratype); I, cephalic chaetotaxy, right side (paratype); J, same, first
and second thoracic segments; K, dorsal chaetotaxy, fourth to sixth abdominal segments (same); L, hind foot com-
plex (paratype); M, mucro and dens, seen from side (5136, Hawaii); N, mucro and dens seen from above (para-

type); O, ventral tube, seen from side (5136, Hawaii); P, anal spines (paratypes); Q, male genital plate (5136,
Hawaii).
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Oahu Hawaii 2

and inner teeth. Unguiculus gradually tapering, without clear basal lamella. Ven-
tral tube with 4 + 4 setae. Tenaculum with 4 + 4 teeth. Dens with 7 dorsal setae,
the longest about twice the length of the shortest, and prominent dorsal tubercles.
Mucro with a dorsal notched lamella; ventral margin curved in lateral view. Anal
spines 0.1-0.25 as long as inner edge of hind unguis and usually on papillae about
as long as spines. Sensory setae of thorax not clearly distinguished. Fourth abdomi-
nal segment with seta m, absent but m, present. Fifth abdominal segment with only
2 rows of setaec. Maximum length 1.5 mm.

Remarks: This species is a member of the “manubrialis” group. It most closely
resembles the nearctic H. essa Christiansen and Bellinger, but differs in having a
relatively larger postantennal organ, a differently shaped mucro, 7 rather than 6
dental setae, and the dental tubercles. Some specimens completely lack papillae for
the anal spines.

Derivatio nominis: Hawaiian, seven.

Ecology: Found in the marine littoral and in grass roots and litter in open areas.

Type locality: Holotype and 3 paratypes, Oahu, Hawaii Kai, XI-14-1965, on
surface of puddles, Arakiki (4764).

Additional records: Hawaii: 5110, 5136. Oahu: 4812, 4813, 5123, 5267.

Subgenus CERATOPHYSELLA Bérner, 1932
Type species: Podura armata Nicolet, 1842

This subgenus is characterized by the “spoon-shaped” mucro, elongate lobes of
the postantennal organ, lamellate unguiculus, and “sensory” seta of thoracic seg-
ment 2 at p,. A useful feature for distinguishing species in this group is the number
of integumentary granules between the large median setae of the posterior row on
abdominal segment 5 (Yosii “a” measure) and the number between these setae and
the posterior margin of the tergite (“b” measure). The subgenus is large and
diverse in most regions, but only one species has been found in Hawaii so far.

Hypogastrura (Ceratophysella) boletivora (Packard, 1873) (Plate 2)
Rep. Peabody Acad. Sci. 5:30 (Achorutes). —Christiansen and Bellinger, 1980.

Color brown to brownish purple; pigment uniform or mottled with small pale
spots. Fourth antennal segment with apical bulb indented or bilobed and laterally
displaced, blunt setae thick and prominent, and ventral “file” of 15-18 moderately



P

Plate 2— Hypogastrura (Ceratophysella) boletivora (all figures of specimens from Hawaii): A, habitus (6819); B, dorsal
surface, fourth antennal segment (4904); C, ventral surface, fourth antennal segment (same); D, dorsal surface,
third antennal segment (6912); E, maxillary palp (4904); F, exploded maxilla (5119); G, postantennal organ and
nearest eye, left side (4904); H, chaetotaxy, head and first two thoracic segments, left side (5119); I, same, first
abdominal segment; J, chaetotaxy, last three abdominal segments (4869); K, chaetotaxy, left side, fourth and fifth
abdominal segments (4904); L, hind foot complex (4725); M, mucro and dens (same); N, ventral tube seen from
side (6819); O, anal spine and neighboring setae (4725); P, male genital plate (6819).
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Hawaii

Molokai

short, weakly clavate setae. Postantennal organ 2.0-2.5 times as long as diameter
of nearest eye, with posterior lobes slightly to distinctly shorter than anterior lobes.
Tenent hair slightly shorter than outer edge of unguis and weakly clavate. Unguis
with a strong inner tooth at or just beyond middle of inner edge. Unguiculus 0.45-
0.55 times length of inner edge of unguis. Dens with 7 dorsal setae not strongly
angulate or basally thickened. Mucro lacking basal spinelike fold, 0.4-0.55 times
length of dens. Anal spines 1.25-2 times length of inner edge of hind unguis.
Fourth abdominal segment with p, much shorter than p,. Yosii “a” measure 16-
18, “b” measure 4. Maximum length 1.8 mm.

Remarks: We originally regarded this as a distinct, endemic species; however,
further study has shown complete overlap with mainland H. boletivora. The tenent
hair is very weakly clavate, so that the minute expansion can only be seen under
the highest magnification. This condition is also found in some nearctic specimens.

Ecology: Found in heavy forest, in litter, and on understory vegetation, at mid-
dle elevations (3000-5000 ft.). In some areas where it occurs, it is both ubiquitous
and abundant.

Records: Hawaii: 4725, 4869, 4904, 5114, 5119, 5469, 6819, 6839, 6911, 6912.
Molokai: 5717, 5720, 5721, 5725, 5727.

Subgenus SCHOETTELLA Schiffer, 1896
Type species: Achorutes ununguiculatus Tullberg, 1869

Hypogastrura (Schoettella) alba (Folsom, 1932), new combination (Plate 3)
Proc. Hawaii. Entomol Soc. 8:54 (Schoettella).

“White. Eyes 8 + 8, remote from antennae, unpigmented. Postantennal organ
with five subequal lobes, forming a rosette. Antennae shorter than the head, with
several olfactory setae. Unguis untoothed. Unguiculus absent. Tenent hairs
absent. Dens with 3 dorsal setae. Mucro about one-third as long as dens, stout, in
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Plate 3— Hypogastrura (Schoettella) alba (all figures after Folsom): A, apex of antenna; B, eyes and postantennal
organ; G, hind foot complex; D, mucro and dens.

lateral aspect rounded apically, with broad rounding inner lamella. Anal spines
absent. Clothing of very few short stiff setae, in two transverse rows on most of the
body segments. Integument tuberculate. Length, 0.8 mm.”

Remarks: We have been unable to locate the type specimens of this species and
have seen no others; we therefore can do no better than to quote Folsom’s descrip-
tion. The description is difficult to accept. Much of it fits certain species of Willemia
we have seen, but the eyes and mucro do not. Specimens with the characters given
here should be easily recognized. However, it is possible that Folsom confused sev-
eral species and gave a composite description, as is certainly true of his “Denisia
falcata.”

Type locality: Oahu, Honolulu, X-8-1927, pineapple roots, Illingworth.

No other records.

Genus XENYLLA Tullberg, 1869
Type species: X. maritima Tullberg, 1869

This genus is easily distinguished from other poduroid Collembola in the Islands
by the combination of a well-developed mandibular molar plate and absence of the
postantennal organ. Hawaiian species have the unguiculus completely absent and
4 + 4 smooth setae on the ventral tube.

We have seen eight species, but two of these (species A and B) are represented so
far by single specimens; these are included in the table and key but are not named
or described. The Hawaiian species of Xenylla are sp. A, alba, auka, sp. B, grisea,
hawaiiensis, yucatana, and welchi.

KEey To HAwWAIIAN SPECIES OF XENYLLA

1. Eyesd 4. yucatana
Eyes 5 4 B e 2
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2(1). Mucro fused todens (Fig. 10B). . ....... ... ittt 3
Mucro distinctly separated from dens (Fig. 10A). .. ..........coviiiiiio ..., 4
10A 10B
3(2). Mucrodens withasingleseta. ................ ... ... . .. ... 7
Mucrodens with 2setae. . ........... ... ... grisea
4(2). Color white; anterior 3 eyes far from posterior 2 (Fig. 11A)................... alba
Color gray to blue; anterior 3 eyes near posterior 2 (Fig. 11B).................... 5
O O 0,
(8] c§) 0o°
11A 11B
5(4). Without anal spines (Fig. 12A). . ... ... ... . . i sp. A
With anal spines (Fig. 12B). ... ... 6

AN IR
12A *‘(u@ 7$Jj 12B

6(5). Mucronal lamella large and running most of length of mucro (Fig. 13A); mucro

overhalfaslongasdens.......... ... ... ... ... welchi
Mucronal lamella absent or small and ending well before apex of mucro (Fig.
13B); mucro less than saslongasdens. . ........................ hawaiiensis
——
13A 13B
7(3). Tenaculum with2 + 2teeth............................................ auka

Tenaculumwith3 + 3teeth. ....... ... .. ... ... ... ... ... sp. B



Table 2. Characteristics of Hawaiian Species of Xenylla

CHAETOTAXY
FOURTH DORSUM VENTER
ANTENNAL
SEGMENT HEAD TH. II-1II ABD.V HEAD TH. II-III ABD. IV
BLUNT DENTAL
SPECIES COLOR SETAE EYES SETAE a, p; P, la; la; my a, P: m; m,; REMARKS
alba white 3 5 2 ++ +? + + °? ? + + - ?
auka dark-medium gray-blue 4 5 1 + -+ - + + - + + - + 2 tenacular teeth
grisea gray-dark blue 4 5 2 + -+ - + - - + + + -
hawaiiensis  blue 4 5 2 - -+ + + + - + + - +
welchi pale violet-mottled gray  4(3) 5 2 + + + + + + + + + - +
‘yucatana blue 4 4 2 + + + + + + + + + +
sp. A pale gray 4? 5 2 - -+ - + + - - - - - No anal spines
sp. B ? 4 5 1 + - + - + + - + + - -
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Plate 4—Xenylla alba (all figures after Folsom): A, apex of antenna; B, apical organ, third antennal segment; C,
eyes; D, hind foot complex; E and F, dentes and mucrones; G, anal spine.

Xenylla alba Folsom, 1932 (Plate 4)
Proc. Hawaii. Entomol. Soc. 8:54.

Color white with 5 + 5 dark eyes on pale eyepatches. Fourth antennal segment
with 3 blunt setae, about twice as thick as acuminate setae; apical bulb strongly
displaced and deeply withdrawn into antenna. Anterior 3 eyes close together and
far from the posterior two. Two weakly clavate tenent hairs per foot, 1.2-1.4 times
as long as inner edge of unguis. Mucro distinctly separate from dens with a clear
lamella running most of its length and 0.5 to 0.75 as long as dens. Anal spines mi-
nute, without papillac. Body setae all smooth. Integumentary granules coarse,
conical, 0.002-0.003 mm in diameter. Maximum length 1 mm.

Remarks: We have seen only one poor type specimen. Few structures can be
read on this and thus our description and figures are largely after Folsom. The spe-
cies has not been seen since the type collection; however, the lack of body pigment
should make it easy to recognize.

Type locality: Oahu, Honolulu, X-8-1927, pineapple.

Xenylla auka Christiansen and Bellinger, new species (Plate 5)

Color medium to dark blue with pigment irregularly mottled. Fourth antennal
segment with apical bulb deeply withdrawn into segment and only slightly dis-
placed; four short blunt setae about twice as thick as longest acuminate setae; sub-
apical sense peg spherical. Maxillary palp with one sublobal hair. Eyes subequal,
with posterior two closer together than others. Feet each with two long weakly
clavate tenent hairs and an untoothed unguis. Mucro fused to dens, which bears 1
seta (rarely none), the whole structure about % as long as inner unguis and quite
variable in form. Tenaculum with 2 + 2 teeth and no setae. Anal spines short,
heavy, and curved, and %-'/ as long as inner unguis. All abdominal setae smooth



Plate 5—Xenylla auka (all figures of type specimens): A, habitus; B, dorsal surface of fourth antennal segment and
apical organ of third; C, ventral surface, fourth antennal segment; D, maxillary palps, right and left side; E, max-
illa; F, dorsal cephalic chaetotaxy and eye; G, dorsal chaetotaxy, first two thoracic segments, left side; H, dorsal
chaetotaxy, last three abdominal segments; I, ventral cephalic chaetotaxy; J, ventral abdominal chaetotaxy, right
side, fourth and fifth abdominal segments; K, hind foot complex; L, mucrones and dentes of different specimens;
M, ventral tube; N, anal spine.
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and acuminate. Integumentary granules 0.0008-0.0016 mm in diameter. Maxi-
mum length 1.5 mm.

Remarks: The presence of two tenacular teeth separates this from all other
Hawaiian forms. The single specimen of sp. B from Kauai (5308) is similar in most
respects, but has three tenacular teeth and a number of differences in chaetotaxy.

Derivatio nominis: Hawaiian, inland (also weary).

Type locality: Holotype and 7 paratypes, Hawaii, Mauna Kea, Upper Wailuku
Road, XI-15-1971, 2800 m, under silverswords, Gressitt (6844).

Xenylla grisea Axelson, 1900 (Plate 6)
Medd. Soc. Fauna Flora Fenn. 26:108.—Gama, 1969.—Christiansen and Bel-
linger, 1980.

Color grayish blue to dark blue, paler ventrally. Fourth antennal segment with
apical bulb displaced laterally and partly to completely withdrawn; blunt setae
about twice as thick as other large setae. Subapical sense peg minute and rodlike.
Maxillary palp with 1 sublobal hair. Eyes closely grouped, on a clear dark
eyepatch. Two weakly clavate tenent hairs per foot, each 1.25-1.5 times length of
inner edge of unguis. Unguis with very small inner tooth. Mucro fused to dens,
with a small rounded lamella; mucrodens 0.9-2.5 times length of inner edge of
hind unguis. Anal spines stout, slightly curved, '4-% as long as inner edge of
unguis. Setae acuminate; most posterior curved setae sparsely and weakly serrate.
Integumentary granules 0.0006-0.0014 mm in diameter. Maximum length
0.8 mm.

Hawaii

Remarks: The material we have seen from Hawaii may well represent a group of
species. The variation in dental structure is very great. The samples are mostly of
single specimens, sometimes taken with other species.

Ecology: Found in dense, matted grass, under rotten wood, and under
silverswords.

Records: Hawaii: 4857, 4861, 4887, 5137, 5667, 6844.



Plate 6—Xenylla grisea: A, habitus (4887, Hawaii); B, dorsal surface, fourth antennal segment and apical organ of
third (after Gisin); C, ventral surface, fourth antennal segment (5667, Hawaii); D, maxillary palp (4857, Hawaii);
E, maxilla (5667, Hawaii); F, left eyepatch (5667, Hawaii); G, cephalic chaetotaxy (after Gama); H, thoracic dorsal
chaetotaxy, right side (5667, Hawaii); I, dorsal chaetotaxy, last two abdominal segments (after Gama); J, ventral
cephalic chaetotaxy, right side (5667, Hawaii); K, ventral chaetotaxy, left side, first two abdominal segments (after
Gama); L, same, third to fifth abdominal segments; M, hind foot complex (4857, Hawaii); N, mucro and dens
(4857, Hawaii); O, same (5667, Hawaii); P, anal spine and associated seta (same).
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Xenylla hawaiiensis Gama, 1969 (Plate 7)
Mem. Estud. Mus. Zool. Univ. Coimbra 308:48.

Color blue to pale blue-gray or pale purplish blue, paler ventrally. Apical anten-
nal bulb displaced from apex and usually projecting; blunt setae of fourth antennal
segment about 1': times as thick as base of longest pointed setae, subapical sense
peg minute cylindrical. Maxillary palp with 1 sublobal hair. Posterior 2 eyes
slightly separated from anterior 3; all eyes on clear pigmented but irregular eye-
patches. Two weakly clavate tenent hairs per foot, 1.4-1.6 times length of inner
edge of unguis. Unguis with a clear inner tooth. Mucro clearly separated from
dens, with an apical hook and usually with a small basal lamella; mucro 0.21-0.25
times as long as dens and about '» as long as inner edge of unguis. Anal spines "%~
as long as inner edge of unguis. Posterior setae sparsely serrate, and longest poste-
rior setae blunt. Integumentary granules 0.0008-0.0021 mm in diameter. Maxi-
mum length 0.98 mm.

Kauai 3
Hawaii 1

Remarks: The Oahu and Hawaii specimens we have seen agree perfectly with
Gama’s description; however, the specimens from Kauai have a very different
mucro (see Plate 7K,L) and sometimes have setal bases on the venter of the thorax
although setae are never present. They may represent a different species.

Ecology: Found in litter in disturbed areas.

Type locality: Oahu, Mt. Tantalus, XI-8-1966, 1000 ft., acacia and cereus, pan
trap, Vockeroth (4828).

Additional records: Hawaii: 5643. Oahu: 4783, 4790, 4793, 4808, 4809, 4818,
4820, 4822, 4825, 4827, 4829, 4839. Kauai: 5278, 5282, 5285.

Xenylla welchi Folsom, 1916 (Plate 8)
Proc. U.S. Natl. Mus. 50:497.—Gama, 1969.—Christiansen and Bellinger, 1980.
Xenylla sensilis Folsom, 1932, Proc. Hawaii. Entomol. Soc. 8:54. New synonym.

Color pale grayish blue, blue, or purplish blue, paler ventrally. Apical bulb of
fourth antennal segment deeply withdrawn and slightly displaced laterally; blunt
setae about twice as thick as base of longest acuminate setae; subapical sense peg
minute and rodlike. Maxillary palp with 2 sublobal hairs. Eyes on a well-marked
patch; posterior 2 slightly separated from anterior 3. Tenent hairs 1-2-2, clavate,
about 1' times as long as inner edge of unguis. Unguis with clear inner tooth.
Mucro clearly separated from dens, with a broad lamella from base to apex; mucro



Plate 7—Xenylla hawaiiensis: A, habitus (5643, Hawaii); B, dorsal surface, fourth antennal segment and apex of
third (4829, Oahu); C, ventral surface, fourth antennal segment (same); D, maxillary palp (same); E, maxilla
(same); F, dorsal chaetotaxy and eyes, head, and first two thoracic segments (5278, Kauai); G, dorsal chaetotaxy,
abdomen (5278, Kauai); H, ventral cephalic chaetotaxy, left side (4829, Oahu); I, ventral abdominal chaetotaxy,
left side, first through fourth abdominal segments (5643, Hawaii); J, hind foot complex (4829, Oahu); K, mucro
and dens (after Gama); L, mucrones and dentes (5285, Kauai); M, anal spine and neighboring setae (5643,

Hawaii).



Plate 8—Xenylla welchi: A, habitus (4822, Oahu); B, dorsal surface of fourth antennal segment and apical organ of
third (4808, Oahu); C, ventral surface of fourth antennal segment (same); D, apical organ, third antennal segment
(after Folsom); E, maxillary palp (4808, Oahu); F, maxilla (same); G, eyes (after Folsom); H, cephalic dorsal
chaetotaxy (type specimen of sensilis); I, dorsal chaetotaxy, first two thoracic segments (after Gama); J, same, last
four abdominal segments; K, ventral cephalic chaetotaxy, same; L, same, left side, abdominal segments; M, hind

foot complex (after Folsom); N, mucro and dens (same).
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Oahu

0.6-0.7 as long as dens and about as long as inner edge of unguis. Anal spines
stout, % as long as inner edge of unguis or shorter. Body setae unusually short,
smooth and acuminate. Integumentary granules 0.001-0.002 mm in diameter.
Maximum length 1.0 mm.

Remarks: We have examined the types of X. sensilis and are unable to find any
differences between them and X. welch:.

Ecology: So far found only in litter in disturbed areas.

Records: Oahu: 4768, 4808, 4822; Honolulu, X-1928.

Xenylla yucatana Mills, 1938 (Plate 9)
Carnegie Inst. Washington Publ. 491:183.—Gama, 1969.—André, 1988.

Color blue, paler ventrally. Fourth antennal segment with apical bulb laterally
displaced and deeply withdrawn; blunt setae about twice as thick as others; subapi-
cal sense peg rodlike and minute. Maxillary palp with 3 sublobal hairs. Eyes 4 per
side, with anterior 2 clearly separated from posterior 2, all on a single clearly
marked dark eye patch. Two weakly clavate tenent hairs per foot, 1.4-1.6 times as
long as inner edge of unguis. Unguis with a minute inner tooth. Mucro distinctly
separated from dens, with a strong lamella ending well before apex; mucro 0.4-0.5
times length of dens and 0.55-0.65 times length of inner edge of unguis. Anal
spines curved, »-% as long as inner edge of unguis and half as long as supporting
papillae. Body setae acuminate; some of the posterior short curved setae sparsely
serrate. Integumentary granules coarse and conical, 0.0015-0.0020 mm in diame-
ter. Maximum length 1.0 mm.

Remarks: This striking species is easily distinguished from other Hawaiian spe-
cies by its eye number. In most respects it resembles X. welchi. The species seems to
be widespread in the tropics; but the redescription by André (1988) makes the
identity of X. yucatana auct. and the Hawaiian record uncertain.

Ecology: Found in litter in orchard.

Record: Kauai: 5288.

Genus WILLEMIA Bérner, 1901
Type species: W. anophthalma Borner, 1901

This genus is characterized by well-developed postantennal organs and mandi-
bles with molar plate and apical teeth, combined with the absence of pigment,
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Plate 9—Xenylla yucatana: A, habitus (5288, Kauai); B, dorsal surface, fourth antennal segment and apex of third
(same); C, ventral surface, fourth antennal segment (same); D, maxillary palp (same); E, maxilla (same); F, max-
illa with some blades separated (same); G, left eyepatch (same); H, dorsal cephalic chaetotaxy and eyes (same); I,
dorsal chaetotaxy, head and first two thoracic segments (after Gama); J, same, last four abdominal segments; K,
ventral cephalic chaetotaxy, left side (5288, Kauai); L, ventral abdominal chaetotaxy, left side (after Gama); M,
hind foot complex (5288, Kauai); N, mucrones and dentes (same); O, anal spines and neighboring setae (same); P,

male genital plate (same).
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eyes, and furcula. There is only one species known in Hawaii, and it is the only
eyeless hypogastrurine there.

Willemia peke Christiansen and Bellinger, new species (Plate 10)

Fourth antennal segment with 2 large, subapical, conical to subspherical sense
pegs and a strikingly smaller ovoid apical peg. Apical sense organ of third antennal
segment with 1 erect ovoid peg and 1 curved cylindrical peg pointing away from
the first. Postantennal organ of 7-8 lobes, closely packed together in a depression.
Tenent hair acuminate. Unguiculus with filamentous apex, %~' as long as inner
edge of unguis. Ventral tube with 4 + 4 setae. Anal spines strong, curved, and
about as long as inner edge of unguis. Maximum length 0.8 mm.

Remarks: This species is quite well marked. The conical sense pegs on the fourth
antennal segment are clear in all specimens except one. W. peke is similar to W. per-
stmilis bulbosa Bonet, 1945 in some respects, but differs in details of the fourth
antennal segment sense organs, the better developed unguiculus, and the relatively
longer anal spines.

Derivatio nominis: Hawaiian, dwarf.

Ecology: So far known only from soil in sugarcane fields, under grass.

Type locality: Holotype and 1 paratype, Oahu, Weed Circle, near Waialua, X-
28-1966, soil under grass, PB (4812).

Additional record: Oahu: 4813.

Subfamily NEANURINAE

This group of genera may be recognized by the absence of the mandibular molar
plate and sometimes of the mandible itself. It is composite, including probably
three or more lines with independently reduced mouthparts that are diverse in
other respects.

KEy To GENERA OF NEANURINAE

1. Mucro trilamellate (Fig. 14). . ........ ... il Odontella
Mucro not trilamellate; frequently reduced orabsent. . ........................ 2




H

Plate 10— Willemia peke: A, habitus (4813); B, dorsal surface, fourth antennal segment and apex of third (holo-
type); G, ventral surface, fourth antennal segment (4813); D, maxilla (same); E, postantennal organ (paratype); F,
cephalic chaetotaxy, left side (4813); G, dorsal chaetotaxy, last three abdominal segments (holotype); H, same, first
and second thoracic segments; I, hind foot complex (same); J, ventral tube (4813); K, left labial triangle (same).



Table 3. Characteristics of Hawaiian Genera of Neanurinae

POSTANTENNAL

GENUS ORGAN ANAL

(SUBGENUS) TUBERCLES EYES MANDIBLE MAXILLA* UNGUICULUS ~ FURCULA** SPINE
Anurida

(Micranurida) 6-7 2 + simple - rud -
Brachystomella 4-8 8 - characteristic - typ -
Setanodosa 4-6 8 - characteristic - - -
Friesea - 8 + characteristic - typ-rud 3-8
Neanura

(Morulodes) - 4 + simple - rud -

(Neanura) - 3 + simple - rud -

(Paleonura) - 2 + simple - rud -

(Protanura) - 0-5 + toothed - rud -

(Vitronura) - 1-4 + simple - rud -
Odontella

(Odontella) 1, lobed 5 - simple - typ 0-2
Oudemansia - 8 + simple - typ 6
Stachia 1, lobed 0-1 + simple - rud -
Paranura - 2 + simple - rud -
Aethiopella many 8 + simple - typ -
Pseudachorutes

(Pseudachorutes) 7-8 8 + simple - typ -

*“simple,” with 1-2 needlelike lamellae; “toothed,” intermediate. For the characteristic maxillae of Brachystomella, Setanodosa, and Friesea, see
Figures 15A and 15B.
***“rud,” reduced to unsegmented papillae or absent; “typ,” with all segments distinct.



2(1).

3(2).

4(3).

5(4).

6(5).

7(3).
8(7).
9(8).

10(9).

Type
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Maxilla sickle-shaped (Fig. 15A); 3 or more anal spines or spinelike setae.... Friesea
Maxilla quadrate (Fig. 15B), narrow and lamellate (Fig. 15C), or needlelike
(Fig. 15D); anal spines usually absent. . . ...t 3
Furcula present with all segmentsdistinct. .. ......... . .o it 4
Furcula reduced or absent; mucro alwaysabsent. .. .......... ... ... ... .. ... 7
Head of maxilla quadrate (Fig. 15B). .......................... Brachystomella
Maxilla otherwise (Fig. 15C,D). . ... ... . e 5
15A 15B 15C 15D
Postantennal organ present; anal spinesabsent. .............. ... i 6
Postantennal organ absent; anal spinelike setae may be present. . ... .. Oudemansia
Postantennal organ moruliform (Fig. 16A)................... ... ... Aethiopella
Postantennal organ lobes in aring (Fig. 16B). . ................. Pseudachorutes

%S
%S
16A 16B

Last abdominal segment bilobed. . ......... ... ... o oL Neanura
Last abdominal segmentrounded. .. .................. B 8
Postantennal Organ Present. . .. ... ......uuueeeeeereeeeeennnneneeeeeoeee.. 9
Postantennal organ absent. . ............ ... i Paranura
DEntes PrESENL. « . oo oottt ittt ittt Stachia
Furcula completely absent. . . ........ ... . i 10
Maxilla quadrate; eyes8 + 8. .. .. ... ... Setanodosa
Maxilla needlelike, eyes 2 + 2. .. ... ... Anurida

Genus ODONTELLA Schaffer, 1897
species: O. loricata Schaffer, 1897

Typical members of this genus can easily be recognized by the combination of
conically projecting mouthparts, simple to star-shaped postantennal organ, trila-
mellate mucro, and coarsely tuberculate or reticulate integument. Two species
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have been found in the Islands. Both species have a clear eversible sac between the
third and fourth antennal segment and fall in the subgenus Odontella as defined by
Deharveng (19815).

KEey To HawanaN SpeciEs oF ODONTELLA

1. Sixth abdominal segment with anal lobes or spines (Fig. 17A)................... uka
Sixth abdominal segment without anal lobes or spines (Fig. 17B)............... kapii

17A 17B

Odontella kapii Christiansen and Bellinger, new species (Plate 11)

Color light blue with dark eye patches; venter and appendages paler. Fourth
antennal segment with apical lobe (appearing retractile from some angles), 10 or
more strongly curled large setae, and about 10 tapered setae with a flattened
clavate apical expansion. Apical organ of third antennal segment with 2 short,
basally angled pegs in a shallow depression at the segmental margin. Mouthparts
unclear, but apparently the maxillae are styliform and untoothed. Postantennal
organ with central rod and 4 arms, the posterior arm much shorter than the others.
Eyes 5 + 5, subequal. Tenent hairs ' to % length of inner unguis and acuminate.
Unguis with strong inner tooth at about ' of its length from base. Unguiculus
absent. Ventral tube apparently with 2 + 2 setae. Tenaculum with 3 + 3 teeth.
Dens with 6 large setae, 3 of which are angulate. Mucro subequal to dens in
length. Integumental granules stellate or polygonal in basal cross section, except
on posterior % of the sixth abdominal segment, where they are larger and rounded
or elliptical. Numerous more finely granulated areas over body, particularly on
intersegmental areas. Body setae acuminate and smooth except on dorsum of the
sixth abdominal segment, where they are weakly clavate or truncate. Length
1.6 mm.

Remarks: The combination of distinctive features (strongly curved and clavate
setae of the fourth antennal segment, clavate setae on the sixth abdominal seg-
ment, and both circular and stellate integumentary granules) found in this species
is unique. We have seen only one specimen. Its characters are very clear, and we
feel it adequate to name the species.

Derivatio nominis: Hawaiian, curly.

Type locality: Holotype, Kauai, Alakai Swamp, on ridge beside jeep trail, VII-
22-1964, 4000 ft., Suman (5305).



Plate 11—Odontella kapii (all figures of holotype): A, habitus; B, dorsum, fourth antennal segment; C, venter,
same; D, apical organ of third antennal segment; E, right eyepatch and postantennal organ; F, chaetotaxy and
pseudopores, right side of dorsum of head; G, chaetotaxy and finely granulated areas, right side of second and third
thoracic segments; H, chaetotaxy and integumentary granules, fifth and sixth abdominal dorsa; I, ventral cephalic
chaetotaxy; J, ventral chaetotaxy, last three abdominal segments; K, hind foot complex; L, mucro and dens; M,
ventral tube.
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Odontella uka Christiansen and Bellinger, new species (Plate 12)

Color dark blue, with venter, appendages, and intersegmental membranes
paler; dorsum with numerous pale spots and pigment in distinct granules. Fourth
antennal segment without apical bulb; with about 10 weakly curved setae and 1
apical strongly curved seta; many of the lateral setae are thickened and blunt, but
none are clearly clavate. Apical organ of third antennal segment with 2 ovoid pegs
in a shallow groove and a supplementary longer rod. Mouthparts styliform. Post-
antennal organ with central axis and 4 radiating arms, with 1 or 2 greatly fore-
shortened. Eyes 5 + 5, subequal. Tenent hair acuminate. Unguis with small inner
tooth at ' of its length from base. Ventral tube with 2 + 2 setae. Tenaculum with 3
+ 3 teeth. Dens with 5 dorsal setae, 3 of which are angled. Mucro subequal in
length to dens. Sixth abdominal segment with 2 blunt papillae, without typical
spines but finely granulate and clearly distinguished from remaining integument.
About 25 more finely granulated areas on the body but not on intersegmental
areas. Integumentary granules polygonal in basal cross section. Body setae acumi-
nate; some large setae on last segment finely serrate. Maximum length 1.03 mm.

Hawaii

Remarks: This species resembles O. pseudolamellifera Stach, 1949 in many
respects, but differs in the structure of the antenna and tenent hair. The serrate
abdominal setae and peculiar anal knobs serve to distinguish this species from most
known to us. It differs from O. lamellifera (Axelson, 1903) in lacking clavate poste-
rior setae; O. schajovskoy Izarra, 1982 has postantennal organ lobes of two unequal
sizes.

Derivatio nominis: Hawaiian, upland.

Ecology: So far known only from above 4000 ft. from pitfall traps.

Type locality: Holotype and 3 paratypes, Hawaii, east slope of Mauna Loa, X-
31-1971, 8000 ft., pitfall trap, Jacobi (5341).

Additional records: Hawaii: 5348, 6839.



Plate 12— Odontella uka (all figures of specimens from Hawaii): A, habitus (holotype); B, dorsal surface of fourth
antennal segment (paratype); C, ventral surface, fourth antennal segment (same); D, apical organ, third antennal
segment (same); E, eyes and postantennal organ (holotype); F, dorsal chaetotaxy and finely granulated areas, right
side, head and first two thoracic segments (6839); G, same, left side, last four abdominal segments; H, detail, sixth
abdominal segment showing cuticular granulations; I, ventral chaetotaxy, head (6839); J, detail, right side, last
three abdominal segments (paratype); K, hind foot complex (paratype); L, mucro and dens (paratype); M, ventral
tube (holotype).
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Genus STACHIA Folsom, 1932
Type species: S. minuta Folsom, 1932

This genus should be easily recognized by the triangular postantennal organ and
reduced furcula; the minute size of known specimens may be a juvenile character.
There is a single species, S. minuta.

Stachia minuta Folsom, 1932 (Plate 13)
Proc. Hawaii. Entomol. Soc. 8:55.

Color white. Fourth antennal segment without apical retractile bulb; with 3 dif-
ferentiated setae, 2 short and blunt, 1 thickened and conical, and with 3-4 long,
strongly curved setae; apex of segment sometimes with a slightly projecting lobe.
Mouthparts enclosed in a short buccal cone. [Mandible angulate; maxilla acumi-
nate.] A single unpigmented cornea on each side. Postantennal organ with a cen-
tral axis and 3 lobes. Tenent hair acuminate. Unguis without teeth. Unguiculus
absent. Ventral tube small, with 1 + 1 or 2 + 2 setae. Tenaculum absent. [Furcula
a simple bilobed organ without setae or subdivisions.] Body granulation stellate or
polygonal in basal cross section, about 15 ym in diameter on the dorsum of the fifth

K

Plate 13—Stachia minuta: A, habitus (after Folsom); B, dorsal surface of antenna (type specimen); C, base of
antenna and eye (after Folsom); D, eye and postantennal organ (same); E, mandible (same); F, maxilla (same); G,
fore foot complex (same); H, furcula from below (same); I, furcula from side (same); J, end of abdomen (after
Folsom); K, supranal and subanal valves (type specimen).
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abdominal segment. Body setae acuminate and smooth. [Maximum length
0.5 mm.]

Remarks: Parts of the description in brackets are taken from Folsom. The only
specimens we saw were part of the type series. The combination of small size (none
we saw were over 0.3 mm in length) and poor condition made observation difficult.
The type series is composite, containing in addition somewhat larger (to 0.5 mm
long) specimens of an unidentified species of Willemia, it is possible that Folsom’s
description is composite. It is remarkable that we have failed to recover this species
since its description. In 1986 the senior author made extensive deep-soil collections
on Oahu, but failed to collect this form.

Ecology: Found in deep soil layers.

Type locality: Oahu: Honolulu, Wahiawa, X-4-1928, from pineapple soil
(deep), Illingworth.

Additional records: Oahu: Wahiawa, VII-12, VIII-12, Honolulu; Tantalus,
VIII-4-1930, 1700 ft.

Genus BRACHYSTOMELLA Agren, 1903
Type species: B. maritima Agren, 1903

This genus includes the Hawaiian poduroids with the characteristic brachysto-
melline maxilla, no mandible, and a complete furcula. All the Hawaiian species
have 8 + 8 subequal eyes and labial triangles resembling that of B. parvula. The
apical antennal bulb, postantennal organ, tibiotarsal setae, and chaetotaxy all fur-
nish useful taxonomic characters. The labrum and supralabral setae are generally
very difficult to see, but apparently do not vary significantly. The shape of the
mucro is a useful taxonomic feature (see Fig. 18A). The setae of the labial triangle
are identified according to the system of Deharveng (see Fig. 18B).

18A

18B

Figure 18—Characters of Brachystomella: A, basic mucronal types; B, labial chaetotaxy (after Deharveng).
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Table 4. Characteristics of Hawaiian Species of Brachystomella and Setanodosa

LOBES OF POSTANTEN- NO. LONGEST
APICAL LOBES OF NAL ORGAN/ MAXIL- CLAVATE TENENT
ANTENNAL  POSTANTEN- LARGEST LARY SETAE HAIR/
SPECIES ORGAN NAL ORGAN* EYE TEETH PER LEG* UNGUIS
Brachystomella
contorta 1 5-6(7) 1.1-1.8 8 0-1 weak 1.1-1.25
sp. H 1 6-7 1.7 8 0 0.5-0.6
hawaiiensis 3 6-7 1.5 4? 6-7 1.7
heo 1 6-7 1.6-1.8 8 10-12 0.75-0.85
sp.J 1 6 0.9 8 0 1.1
sp. K 1 7 1.45 7 1.1
kahakai 1 4 0.8 7 1-1.25
kiko 1 3-4 0.7-1.4 7 2(3) 1.1-1.2
momona 3 6 1.5 8 0 1
parvula 1 (6)7-8 1.6-1.9 7-8 0 0.70-1.1
Setanodosa
kanalua 3 4-6 0.8-1.0 7 1(3) ?

*Parentheses indicate exceptional conditions.
**Mucro: type A as in contorta; type B as in parvula (see Figure 18A).

In the course of this study we discovered seven undescribed forms; however,
three of these (spp. H, J, and K) are represented by such poor samples that we
include them in the key and table but do not describe or illustrate them. There are
apparently 10 Hawaiian species of Brachystomella: contorta, sp. H, hawaiiensis, heo,
sp. J, sp. K, kahakai, kiko, momona, and parvula.

Key To HAwAIIAN SPECIES OF BRACHYSTOMELLA

1. Apical bulb of fourth antennal segment clearly 3-lobed (Fig. 19).................. 2
Apical bulb of fourth antennal segment apically or simple indented. . ............. 3

19



HYPOGASTRURIDAE 39
CLAVATE
INNER NO. ABDOM- UNPAIRED
UNGUAL DENTAL INAL ABD. VI
TOOTH SETAE MUCRO** SETAE SETA LOCATION
+ 5 A - + Hawaii, Kauai, Maui, Mid-
way Atoll, Oahu
+ 5 A - + Oahu
+ 4 B - ? Oahu
+ 5 B =+ + Oahu
+ 5 B - + Oahu
++ 6 B - + Maui
+ 3-4 intermediate + + Hawaii
+ 3 B weak +? Nihoa, Oahu
minute 5 B - + Hawaii
+ 5 B - + Hawaii, Kauai, Oahu
- - - + + Hawaii, Oahu
2(1). All tibiotarsal setae acuminate (Fig. 20A).............................. momona
Six to 7 tibiotarsal setae clavate (Fig. 20B). ......................... hawaiiensis
-l
7
20A 20B
3(1). Dorsaldental setae 5 0r6. . ... ... oottt e 4
Dorsaldental setae 3 0or 4. . ... .. i e i 9
4(3). Dorsaldental setae 6. ... .......o ittt e sp.- K
Dorsaldental setae 5. . . ... ... i e 5
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5(4). Ten or more tibiotarsal setae truncate to clavate (Fig. 21A)................. ... heo
At most 1 tibiotarsal seta truncate or clavate (Fig. 21B). . ....................... 6
e
Gy
6(5). Longest distal tibiotarsal setae about half as long as inner edge of unguis. . ... ... sp. H
Longest distal tibiotarsal setae % to 1.3 times as long as inner edge of unguis. ... ... 7
7(6). Apex of mucro broad (Fig. 22A). ....... ... ... ... ... oo il contorta
Apex of mucro pointed (Fig. 22B). ............. ... oo 8
P
<l
22B
22A
8(7). Postantennal organ smaller than diameter of largesteye. .................... sp.]J
Postantennal organ larger than diameter of largesteye.................... parvula
9(3). Last 2 abdominal segments with many clavate setae (Fig. 23).............. kahakai
Last 2 abdominal segments with 4 clavate setacornone. ..................... kiko

Brachystomella contorta Denis, 1931 (Plate 14)
Boll. Lab. Zool. Gen. Agric. Portici 25:80.—Yosii, 1959.

Color medium to light blue with pigment in patches that are generally lightly
pigmented and densely packed but occasionally heavily pigmented and densely
packed. Intersegmental membranes and ventral surface paler. Body oval elongate.



Plate 14— Brachystomella contorta: A, habitus (4824, Oahu); B, dorsum of fourth and apex of third antennal seg-
ments (5176, Maui); C, ventral surface, fourth antennal segment (same); D, eyepatch and postantennal organ, left
side (5288, Kauai); E, cephalic dorsal chaetotaxy (5176, Maui); F, labial triangle, right side (5288, Kauai); G, dor-
sal chaetotaxy, right side, third thoracic segment-sixth abdominal segment (5176, Maui); H, fore foot complex
(same); I, mucro and dens (same); J, male genital plate (5306, Midway Atoll); K, ventral tube (4824, Oahu).
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Fourth antennal segment only weakly separated from third; -apical organ simple,
slightly laterally displaced from tip of segment, completely withdrawn into antenna
but clearly visible; ventral file of about 10 mostly weakly truncate setae about half
as long as longest setae of segment. Apical organ of third antennal segment as in B.
parvula. Postantennal organ (in Hawaiian material) with 5-6(7) lobes, 1.2-1.8
times as long as largest eye. Tibiotarsus with inner distal setae somewhat heavier
than others but not clearly spinelike; 1 tenent hair, very weakly clavate to acumi-
nate and 0.80-0.91 times as long as inner unguis. Unguis with clear inner tooth.
Ventral tube with 3 + 3 setae. Dens with 5 dorsal setae and heavily tuberculate
dorsal surface. Mucro with strong, blunt, curved tip and twisted lamella. Body
setae acuminate except for longest setae in posterior rows on third through fifth
abdominal segments, which are usually truncate; sixth abdominal segment with
unpaired median seta (rarely 2); longest abdominal setae about 1.25 times as long
as inner hind unguis. Body tubercles conical; largest 2.8-3.3 um in basal diameter.
Male genital plate with a surrounding ring of acuminate setae and 6(8) heavy blunt
inner setae. Maximum length 1 mm.

Hawaii 2

Kauai 2

Midway 2
Oahu Maui 1

Remarks: Assignment of these specimens to Denis’s species must be tentative
until the male genital plate of Costa Rican forms has been described. This is the
most widespread species in Hawaii.

Ecology: Found mostly in litter in disturbed areas; also found in bird nests and

under wood.
Records: Hawaii: 5120, 5142. Maui: 5176. Oahu: 4768, 4808, 4824, 4828,
6791. Kauai: 4749, 5288. Midway: 5306, 6818.

Brachystomella hawaiiensis Yosii, 1965 (Plate 15)
Contrib. Biol. Lab. Kyoto Univ. 19:4.

Color uniform dark blue with mottled pigment and paler venter; extremities
darkly pigmented. Apical organ of fourth antennal segment trilobed, in a deep pit.
Apical organ of third segment of a pair of small rods in a shallow groove. Labial tri-
angle as in B. parvula. Postantennal organ with 6-7 lobes, 1.5 times the diameter of
an eye. Tibiotarsus with 3 long outer distal setae, 2 shorter lateral distal setae, and
2 long inner proximal setae clavate. Unguis with strong inner and lateral teeth.
Ventral tube with 3 + 3 setae. Dens with 4 setae and fine dorsal granulations.
Mucro straight, with small dorsal granulations. Body setae short, smooth, and
simple. Length 2.5 mm.
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H

Plate 15— Brach lla hawaiiensis (all figures after Yosii): A, eyepatch and postantennal organ; B, side view of

postantennal organ; C, maxilla; D, left labial triangle; E, labrum; F, mid tibiotarsus and foot complex; G, dental
base; H, mucro and dens.

Remarks: We have not seen any specimens of this species. Yosii identifies Chris-
tiansen as the collector, but this is in error. The location of the types is unknown.
Yosii mentions the maxilla (misidentified as mandible) as having ‘“many teeth,”
but figures only 4. It is possible that B. momona is a synonym of B. hawaiiensis, but
the differences in dental and tibiotarsal setae, dental granulation, etc., make this
unlikely.

Type locality: Oahu, Mt. Kaala, I-19-1945, collector unknown.

Brachystomella heo Christiansen and Bellinger, new species (Plate 16)

Color pale blue, with pigment in the form of patches of granules, more dense on
dorsum of head, more widely scattered on venter, and absent from legs and fur-
cula. Apical organ of fourth antennal segment simple, on ventral surface, and ': to
‘% withdrawn into segment; ventral file obscure, of about 6(7) weakly truncate setae
half as long as adjacent acuminate setae. Labial setae atypical, with D seta either
missing or in group with lateral setae. Postantennal organ with 6-7 lobes, 1.6-1.8
times the diameter of the largest eyes. Coxa and femur each with 2-4 long, apically



Plate 16— Brachystomella heo (all figures of type specimens): A, habitus; B, fourth antennal segment and apex of
third, outer surface (holotype); C, apex of fourth segment, inner surface (same); D, maxilla; E, postantennal organ
and neighboring eyes; F, dorsal cephalic chaetotaxy, right side; G, labial triangle, left side; H, dorsal abdominal
chaetotaxy, left side; I, detail, sixth abdominal dorsal chaetotaxy (holotype); J, fore foot complex; K, mucro and
dens; L, ventral tube.
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curved, truncate to slightly clavate setae. Tibiotarsus with 10-12 such setae, the
largest being clearly clavate. Unguis with small inner tooth. Ventral tube with 3 +
3 setae. Dens with 2-5 rows of coarse dorsal tubercles and 5 setae, which are
clavate on large specimens. Mucro with a curved rod forming a trough apically,
and a median granulate swelling ending well before the apex of the trough. Body
setae smooth and acuminate, except for the largest sixth abdominal segment setae,
which are sometimes truncate, and short posterior setae, which are sometimes
weakly serrate. Body tubercles conical, 1.6-2.9 ym in basal diameter. Males not
seen. Maximum length 1 mm.

Remarks: This is one of a group of species closely related to B. contorta; it is dis-
tinguished from the others by the many curved truncate or clavate setae on the
legs. Unfortunately, it is known only from the type series, with a single adult
female and eight immature specimens.

Derivatio nominis: Hawaiian, knob.

Type locality: Holotype and 12 paratypes, Oahu, Mt. Tantalus, XI-1966, 1000
ft., pan trap, J. Vockeroth (4827).

Brachystomella kahakai Christiansen and Bellinger, new species (Plate 17)

Color light to dark blue with rather uniformly scattered granules over dorsal and
lateral surfaces of head and body. Apical organ of fourth antennal segment near
apex, almost or completely withdrawn into segment, and apically indented; ventral
file absent. Apical organ of third antennal segment of 2 spherical knobs. Postanten-
nal organ 4-lobed, slightly smaller than nearest eye. Inner distal setae of tibiotarsus
not spinelike; one clearly clavate tenent hair per foot. Unguis with inner tooth.
Ventral tube with 3 + 3 setae. Dens with 4-6 rows of dorsal tubercles and 3-4 dor-
sal setae. Mucro with 2 broad lamellae and a blunt, slightly upturned apex. Long-
est body setae slightly clavate. Body tubercles conical, 3.3-4.5 um in basal diame-
ter. Maximum length 1.1 mm.

Remarks: The two collections of this species are very similar, except that those
from the type locality have 3 + 3 dental setae, while the others have 4 + 4 (3 basal
and 1 distal). The first type is very like B. hiemalis Yosii, 1956, which has 2 or 3
clavate tenent hairs and other minor differences. The species is very well marked.
No males were seen.

Derivatio nominis: Hawaiian, seashore.

Ecology: Known only from litter at the supralittoral fringe.

Type locality: Holotype and 1 paratype, Hawaii, 2 mi. S of Kailua-Kona, I-2-
1983, near high tide mark of rocky beach, sifted from debris, KC (5660).

Additional record: Hawaii: 5142.

Brachystomella kiko Christiansen and Bellinger, new species (Plate 18)

Color blue with mottled granular pigment over antennae, dorsum, and sides of
body, darker toward front end of animal; venter, legs, and furcula with scattered
pigment granules or unpigmented. Apical organ of fourth antennal segment nearly



Plate 17— Brachystomella kahakai: A, habitus (holotype); B, dorsum, fourth and apex of third antennal segment
(paratype); C, venter, fourth and apex of third antennal segment (same); D, maxilla (same); E, eyepatch and post-
antennal organ (5142, Hawaii); F, dorsal chaetotaxy, head and first two thoracic segments (paratype); G, left labial
triangle (same); H, dorsal chaetotaxy, third thoracic segment-fifth abdominal segment (same); I, fore foot complex
(holotype); J, mucro and dens (same); K, ventral tube (same).



Plate 18— Brachystomella kiko: A, habitus (4811, Oahu); B, dorsum, fourth antennal segment and apex of third
(same); C, ventral surface, fourth and apex of third antennal segment (paratype); D, maxilla (4811, Oahu); E,
eyepatch and postantennal organ (same); F, cephalic dorsal chaetotaxy (paratype); G, left labial triangle (same); H,
dorsal abdominal chaetotaxy (same); I, mid foot complex (4811, Oahu); J, mucro and dens (same); K, ventral tube
(paratype); L, male genital plate (6789, Oahu).
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or completely withdrawn into segment, simple, (usually) with a small apical inden-
tation; no clear ventral file, but about 8 anterior setae are straight, slightly trun-
cate, and distinctly shorter than the remaining setae. Postantennal organ with 4
lobes, 0.7-1.4 times as long as nearest eye. Eyes subequal. Tibiotarsus with 2 mod-
erately thickened spinelike setae on inner surface; 1 strongly clavate tenent hair
and 1 other (rarely 2) smaller and truncate to moderately clavate. Unguis with
small inner tooth. Ventral tube with 3 + 3 setae, all on the same level. Dens with
2-3 rows of dorsal tubercles and 3 dorsal setae. Mucro with slightly curved rod
forming a narrow trough at apex and a median, gradually tapering, finely granu-
late dorsal swelling. Body setae usually acuminate, but the largest setae of the fifth
and sixth abdominal segments may be weakly clavate and the thick intermediate
posterior setae are sometimes sparsely serrate. Body tubercles conical, the largest
2.2-3.3 pm in basal diameter. Male genital plate without strongly differentiated
setae. Maximum length 1.2 mm.

Oahu

Remarks: The mucro and three dental setae distinguish this from other Hawai-
ian species. Serrate body setae are common on Oahu specimens. One sample
taken “on ocean water” off Oahu has some specimens with differences in chaeto-
taxy and lacking the apical bulb indentation; these may represent a separate taxon,
but unfortunately all are immature.

Derivatio nominis: Hawaiian, speckled.

Ecology: In litter, shallow soil, and animal carcasses in lowland areas.

Type locality: Holotype and 6 paratypes, Nihoa, Miller Valley, IV-20-25-1983,
20 m, pitfall trap under shrubs, Gagne (6193).

Additional records: Oahu: 4763, 4811, 6786, 6789, 6792.

Brachystomella momona Christiansen and Bellinger, new species (Plate 19)

Color medium blue with pigment extremely mottled, having numerous irregular
pale or unpigmented patches; legs, furcula, venter, and apex of antennae with only
a faint wash of pigment; eyepatches clearly darker than rest of head. Apical organ
of fourth antennal segment trilobed and projecting for about half its length from
the inner antennal surface; ventral file of about 7 straight, weakly truncate setae
to % as long as nearest acuminate setae. Labium with seta L not on clear papilla.
Postantennal organ with 6 lobes, 1.5 times the diameter of the largest eyes. Eyes
subequal. All tibiotarsal setae acuminate; basal inner setae as long as tibiotarsus
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Plate 19— Brachystomella momona (all figures of holotype): A, habitus; B, outer surface of fourth and apex of third
antennal segment; C, inner surface, same; D, maxilla; E, right eyepatch and postantennal organ; F, labial trian-
gles; G, chaetotaxy, last two abdominal segments; H, hind foot complex; I, mucro and dens.

and straight. Unguis with minute inner tooth. Ventral tube not seen. Dens with 5
dorsal setae and 8-10 rows of coarse tuberculations. Mucro with two lamellae, the
inner being much the broader and finely granulate. All body setae acuminate and
smooth. Body tubercles conical and 1.5-2.2 ym in basal diameter. Male not seen.
Length 0.8 mm.

Remarks: We have only a single specimen of this species, but it is an adult and
has so many unusual features that we feel secure in naming it. In most respects it
resembles B. taxcoana Palacios-Vargas and Najt, 1981, which, however, has the
dens less coarsely tuberculate, the mucro more symmetrical and granulate, and
shorter sensory setae. Brachystomella momona is distinguished from all other Hawai-
ian species by the trilobed antennal bulb; the long, straight tibiotarsal setae, the
many rows of dental tubercles, and the very long p: setae on the fifth abdominal
segment are characters we have not seen in any other species.

It is remarkable that we have only a single specimen of this species. Its locality is
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one from which we have examined over 100 collections, and one into which recent
introduction is unlikely.

Derivatio nominis: Hawaiian, fat.

Type locality: Holotype, Hawaii, Volcanoes National Park, Steaming Bluff
Trail; date and collector unknown (5068).

Brachystomella parvula (Schiffer, 1896) (Plate 20)
Mitt. Naturhist. Mus. Hamburg 13:176 (Schoettella). —Stach, 1949.—Christiansen
and Bellinger, 1980.

Color medium to light blue, with venter and appendages paler than dorsum,;
pigment in rather uniformly scattered granules, or aggregated in circular to oval
patches. Body ovoid elongate. Third and fourth antennal segments weakly divided
ventrally but fused dorsally. Apical organ of fourth segment simple, usually pro-
truding slightly from apex of segment; ventral file of about 12 setae that are acumi-
nate to truncate and about % as long as adjacent setae. Apical organ of third anten-
nal segment of 2 short, apically expanded rods. Postantennal organ of 7-8 (rarely
6) lobes, 1.6-1.9 times as long as largest eye. Tibiotarsus without spinelike or
clavate setae. Unguis with well-developed inner tooth. Ventral tube with 3 + 3
setae. Dens with 2 to 3 complete rows of coarse dorsal tubercles and third and
sometimes fourth on its basal 's, and 5 dorsal setae. Mucro with straight, pointed
rod and broad, simple lamellae. All body setae smooth and acuminate, few in
number and mostly remarkably small; one small median ventral seta on sixth
abdominal segment. Male genital plate not seen. Maximum length 0.8 mm.

Hawaii

Oahu Kauai 2

Remarks: Hawaiian specimens we have seen are all female. This tiny species is
unusual in the depauperate chaetotaxy. The small size makes it difficult to study,
but most populations throughout the Islands appear uniform. One high-altitude
collection (5341, from 8000 ft. on Mauna Loa) has the postantennal organ 2.8
times the diameter of the nearest eye and might represent a distinct taxon.



Plate 20— Brachystomella parvula: A, habitus (6712, Kauai); B, dorsum of fourth and apex of third antennal seg-
ment (4863, Hawaii); C, venter of same (5664, Hawaii); D, maxilla (4863, Hawaii); E, left eyepatch and postanten-
nal organ (same); F, dorsal cephalic chaetotaxy (4860, Hawaii); G, left labial triangle (4807, Oahu); H, dorsal
chaetotaxy, right side, second thoracic segment-first abdominal segment (5664, Hawaii); I, same, left side, fourth to
sixth abdominal segments; J, fore foot complex (5341, Hawaii); K, mucro and dens (same); L, ventral tube (6712,
Kauai).
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Ecology: Mostly found in open ohia woods and scrub, in litter and soil, below
1200 m; also in other open areas and grasslands; one record from moss.

Records: Hawaii: 4854, 4859, 4860, 4861, 4863, 4865, 4867, 4869, 4871, 4904,
4905, 4930, 4932, 5111, 5115, 5341, 5664, 5668, 6824, 6912. Oahu: 4796, 4805,
4807, 4814. Kauai: 5288, 6712.

Genus SETANODOSA Salmon, 1942
Type species: S. tetrabrachta Salmon, 1942

This genus includes species with the characteristic brachystomelline maxilla, no
mandible, and no furcula. There is a single Hawaiian species.

Setanodosa kanalua Christiansen and Bellinger, new species (Plate 21)

Color blue, varying from dark to mottled over body and appendages, pigment
being in punctiform masses with scattered granules between; eyepatches not
clearly darker. Fourth antennal segment fused to third, without blunt setae, with a
strongly trilobed apical bulb and a ventral file of some 12 setae that are about half
as long as neighboring setae and truncate. Apical organ of third antennal segment
of 1 ovoid and 1 indented blunt peg behind integumentary papillae. Labium with
numerous relatively similar setae. Postantennal organ of 4-6 lobes, subequal to or
slightly smaller than eyes. Eyes 8 + 8. Two dorsal tenent hairs clavate; a third
inner seta sometimes weakly clavate. Unguis untoothed. Ventral tube not clearly
observed. Long lateral setae of the last 3 abdominal segments clavate, and longest
posterior abdominal setae occasionally blunt; other body and head setae acuminate
and smooth. Male genital plate not seen. Maximum length 1.8 mm.

Remarks: We have seen two specimens of this species, one from Hawaii and one
from Oahu. They agree in most features, but differences in the number of postan-
tennal organ lobes (6 and 4, respectively) and other details suggest that two species
may be involved. Most other species of Setanodosa differ from kanalua in having only
five eyes or more than three tenent hairs; “Anurida’ rosasi Bonet, 1934 is said to
have five maxillary teeth and is otherwise insufficiently described.

Derivatio nominis: Hawaiian, doubtful.

Type locality: Holotype, Hawaii, Hilo, Saddle Road, VIII-30-1957, 2000 ft.,
beaten from ohia trees, Mockford (6533).

Additional record: Oahu: 4818.

Genus FRIESEA Dalla Torre, 1895
Type species: Triaena mirabilis Tullberg, 1871

Members of this genus are characterized by the absence of the postantennal
organ and by the characteristic triangular, lamellate maxilla; most species have an
odd number of anal spines. Three species of Friesea are known from Hawaii at
present: kai, ninau, and oleia; one of these may be a species complex.



Plate 21—Setanodosa kanalua: A, habitus (holotype); B, apex of fourth antennal segment (same); C, apical organ of
third antennal segment (same); D, maxilla (same); E, eyes and postantennal organ, left side (same); F, right labial
triangle (same); G, dorsum, last two abdominal segments (4818, Oahu); H, enlargement of large posterior abdomi-
nal setae (same); I, hind foot complex (same).



Table 5. Summary of Chaetotactic Features of Hawaiian Friesea*

I 11 v v VI
HEAD TH.II  TH.III  ABD.I
DORSAL [A m, m, m; m; mg a, ms mg a, a3 a, a; ag My mg My Mg ay a; a, my, m; my Py
kai + + + + - - + + + + + + + + - - + + - -+ s - + -
ninau + + =+ - - - - - - + + + - + - - + - - - - s - + -
oleta + - - - - - + - - + + + + + - + + + + + - - - +
ABD. II 11 v v
VENTRAL a; a3 m; mp; my Ps 3 a3 a; m; m; mg p; P; Pg Py a; a a; my m p; P; a; 2, ag a, a; 3 P3
kai + - - + - + + - + + + - + + + + + - + + + - + + + + + + + +
ninau + + + + = =+ + £+ £+ + + £ £ + - + + £ + - + + + -+ + + + + +
oleia -+ - + + + + + - + - - + + + + - - - - + + - + + + + + + +

*For designation of chaetotaxy features see Grow and Christiansen (1974).
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KEey To HAawanAN SpeciEs OoF FRIESEA

1. Threecurvedanal spines. . ..............uiiiiuintiunneennennnannn ninau
Six to 8 straight anal spines. .. ............ . i 2
2(1). Thorax with lateral projections (Fig. 24A). . ......... ... ... ... .. kai
Thorax without lateral projections (Fig. 24B). .. ........................... oleia

N l

24A 24B

Friesea kai Christiansen and Bellinger, new species (Plate 22)

Color dark blue. Fourth antennal segment with apical bulb trilobed (possibly
sometimes bilobed), in a deep pit, and 6 large curved blunt setae on the dorsal and
lateral surfaces; ventral surface with many acuminate and slightly peglike setae.
Sense organ of third antennal segment with 2 short, heavy curved pegs on dorsal
surface and 2 long, curved, pointed thick setae on ventral surface. Eyes 8 + 8, nor-
mal in size and position. Mouthparts normal for group, mandible with 4 small dis-
tal teeth and 4 large basal ones, the apical tooth smaller than others and usually
beside the anteapical tooth and difficult to see; the basalmost tooth is very thin and
flexible. Dorsal maxillary lamella with 14-19 very fine teeth; ventral lamella with 2
teeth and a basal pluglike structure. Thoracic segments each with paired tubular
lateral projections bearing an indented area of unsculptured cuticle apically.
Tenent hair long and acuminate. Unguis without teeth and unusually long and
acuminate. Ventral tube with 3 + 3 setae. Tenaculum with 2 + 2 teeth. Mucro
well separated from dens, with a basal bulbous swelling. Anal spines 7, in rows of
4, 2, and 1. Maximum length 2 mm.

Remarks: This species is distinguished from all other members of the genus by
the thoracic projections. In other respects it is most similar to F. oshoro Uchida and
Tamura, 1966, which has a relatively longer mucro, and to F. petit: (Delamare and
Massoud, 1964), from which it differs in anal spines and other respects. It shares
the peculiar pluglike structure on the maxilla with F. carlota Christiansen and Bel-
linger, 1988 and F. rothi Christiansen and Bellinger, 1988.

Derivatio nominis: Hawaiian, shore.

Ecology: Found only in the upper and middle littoral zone.

Type locality: Holotype and 12 paratypes, Hawaii, Hilo, Banyan Drive near
Uncle Billy’s Hotel, 1-19-1982, rocky shore, porous lava, high-tide zone, KC
(5130).

Additional records: Oahu: 4831. Kauai: 6528, 6529, 6534.



Plate 22— Friesea kai: A, habitus (paratype); B, dorsal surface, fourth antennal segment (holotype); C, ventral sur-
face, fourth antennal segment (same); D, apical organ, third antennal segment (same); E, maxilla (same); F, man-
dible (same); G, left eyepatch (6534, Kauai); H, semidiagrammatic dorsal chaetotaxy (composite, type specimens),
encircled setae float; I, ventral abdominal chaetotaxy (holotype); J, outline of thorax seen from above, showing lat-
eral tubercles (same); K, left labial triangle (paratype); L, hind foot complex (4831, Oahu); M, mucro and dens
(paratype); N, ventral tube (6534, Kauai); O, sixth abdominal segment (holotype); P, male genital plate (paratype).
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Friesea ninau Christiansen and Bellinger, new species (Plate 23)
Friesea sublimis Macnamara of Bellinger and Christiansen, 1974

Color dark blue to pale grayish blue with venter paler. Fourth antennal segment
with a clear unlobed apical bulb, slightly displaced from tip and deeply withdrawn,
and with 6 curved blunt setae, the apical 2 being considerably thicker than the oth-
ers; without clearly differentiated peglike setae. Labral setae 2, 3, 5, 2, with the
median unpaired setae longer than the others. Mandible with 5 apical teeth and 3
larger basal teeth. Maxilla with 3 lamellae; largest with 1 tooth, middle lamella
with about 10 fine teeth, and smallest lamella apparently with 3 teeth. Labial
chaetotaxy as in other members of genus (see Pl. 23G). Eyes 8 + 8, subequal, in
normal arrangement. Tenent hairs weakly clavate, 5 (rarely 4) per foot. Ungual
teeth absent. Ventral tube with 4 + 4 setae. Tenaculum with 2 + 2 teeth. Furcula
about 0.9 length of hind unguis; dens with 3 setae; mucro clearly separated from
dens, with lamella weak or absent. Anal spines 3, subequal in size. Chaetotaxy as
shown in Table 5; large setae on fifth and sixth abdominal segments clavate to
rounded apically. On fourth abdominal segment, the p setae are usually but not
always clavate or truncate; remaining large setae vary, but usually there is at least 1
pair of clavate setae per segment. Female genital plate with about 12-16 simple
setae. Male genital plate with 18-30 simple setae. Maximum length 1.5 mm.

Kauai

Maui 1

Oahu Pearl and Hermes 1

Remarks: The Hawaiian forms may represent a species complex, or fall within
the range of variation of some previously named species, but we prefer to treat
them as one species until the systematics of the group of Friesea with three anal
spines has been clarified. Friesea ninau differs from F. sublimis Macnamara, 1921 (as
redescribed from Macnamara’s types by Rusek [19715]) in the structure of the
maxilla and absence of ungual teeth. It also resembles F. claviseta Axelson, 1900,
but differs from claviseta as defined by Massoud (1967) in having the mucro sepa-



Plate 23— Friesea ninau: A, habitus (6758, Oahu); B, dorsal surface, fourth antennal segment (4806, Oahu); G,
ventral surface, fourth antennal segment and apical organ, third antennal segment (same); D, maxilla (5207,
Kauai); E, right and left mandibles (same); F, eyes and cephalic chaetotaxy, right side (5059, Hawaii); G, right
labial triangle (4808, Oahu); H, chaetotaxy, left side, first and second thoracic segments (holotype); I, chaetotaxy,
left side, first abdominal segment (same); J, dorsal chaetotaxy, last three abdominal segments (5059, Hawaii); K,
ventral abdominal chaetotaxy, left side, second through fifth abdominal segments (5207, Kauai); L, mucro and dens
(4806, Oahu); M, anal spine and neighboring seta (same); N, ventral tube (5207, Kauai).
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rate from the dens, and from the description of Stach (1949) and of Christiansen
and Bellinger (1980) in the enlarged two apical antennal blunt setae; no good
recent redescription of Scandinavian F. claviseta is available.

The Hawaiian populations are quite variable in form of the mucro, blunt setae
of the fourth antennal segment, and distribution and form of body setae. Some of
this variation seems to be geographic. Specimens from Hawaii have the posterior
dorsal setae of the fourth abdominal segment short, acuminate, and often serrate.
In specimens from Kauai, these setae are long and clavate, while they are interme-
diate in specimens from Oahu. Specimens from Kauai are also larger than those
from Oahu or Hawaii and may also differ from them in lacking seta as on the
fourth abdominal segment. In addition, specimens from the Hanakapiai Stream
Trail on Kauai show more variation than that seen in all other populations com-
bined.

Derivatio nominis: Hawaiian, question.

Ecology: Most commonly found in moss at all elevations. Also found in litter,
soil, nests, and animal bedding.

Type locality: Holotype and 4 paratypes, Kauai, Hanakapiai Stream Trail, 0.5
mi. from beach, VII-8-1981, moss on rocks in stream, Goff (5281).

Additional records: Hawaii: 2994, 4724, 4860, 4869, 4904, 4934, 4939, 4976,
4981, 4997, 4998, 4999, 5000, 5003, 5043, 5050, 5051, 5059, 5119, 5307, 6851.
Maui: 5263. Oahu: 4752, 4774, 4775, 4786, 4789, 4798, 4806, 4808, 4813, 4816,
4820, 4840, 4916, 5291, 6526, 6758, 6763. Kauai: 4748, 5207, 5209, 5281, 5282,
6527, 6727. Pearl and Hermes Reef: 4910, 6831.

Friesea oleia Christiansen and Bellinger, new species (Plate 24)

Color dark blue. Fourth antennal segment with an unclear unlobed apical bulb
in a shallow pit; 3 curved, slightly blunted setae, the apicalmost being somewhat
thicker than the others; ventral surface with 8-10 straight to slightly curved blunt
cylindrical short setae. Apical organ of third antennal segment of 2 central small
oval pegs and 2 lateral supplementary elliptical rods, about twice as long as inner
pegs. Mandible with 2 small subequal apical teeth, 1 median tooth, and 3 large
basal teeth. Dorsal lamella of maxilla with 9-11 teeth, middle with 2, and ventral
with 4 teeth. Eyes 8 + 8, normal in structure and position. Four anterior and four
posterior large heavily clavate tenent hairs on each tibiotarsus. Unguis without
teeth. Ventral tube with 3 + 3 setae. Furcula and tenaculum absent. Anal spines
heavy, 8 in females and 6 in males. Male genital plate with four large, broad, flat
setae and numerous small acuminate setae. Maximum length 2 mm.

Remarks: This remarkable species is unlike any we have previously seen. There

Kauai



M

Plate 24— Friesea oleia (all figures of specimens from Kauai): A, habitus (6528); B, dorsal surface, fourth antennal
segment (holotype); C, ventral surface, fourth antennal segment (same); D, apical organ, third antennal segment,
dorsal surface (same); E, same, ventral surface (same); F, maxilla (same); G, mandible (same); H, left side of dor-
sum of head (6534); I, right labial triangle (same); J, dorsal chaetotaxy, left side, first two thoracic segments (holo-
type); K, same, fourth and fifth abdominal segments; L, ventral chaetotaxy, right side, fourth and fifth abdominal
segments (same); M, mid foot complex (6534); N, dorsum, sixth abdominal segment (holotype); O, same (6534); P,
male genital plate (same).
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are only three specimens, one female and two males, all from the vicinity of the
Alakai Swamp. The peculiar condition of the anal spines as well as the numerous
heavy tenent hairs, combined with the reduced chaetotaxy, serve to separate it
from all known species.

Derivatio nominis: Hawaiian, uncommon.

Ecology: Known from trees in wet upland forest.

Type locality: Holotype, Kauai, near Kokee Inn, VIII-19-1957, beating ohia
leaves, Mockford (6529).

Additional records: Kauai: 6528, 6534.

Genus OUDEMANSIA Schott, 1893
Type species: O. coerulea Schétt, 1893

This genus is represented in Hawaii by a single species. The combination of con-
ical projecting mouthparts, absence of postantennal organ, and presence of a large
multisetaceous dens makes the genus easy to identify.

Oudemansia esakii (Kinoshita, 1932) (Plate 25)
Icon. Ins. Japon.: 2124 (Pseudachorutes). —Yosii, 1958.

Color dark purple-blue with many scattered pale spots and usually pale inter-
segmental lines. Fourth antennal segment with deeply trilobed apical bulb and 6-7
thick “sensory” setae, only 2 of which are apically blunt; segment separated from
third only ventrally. Apical organ of third antennal segment of 2 curved pegs and
an accessory blunt seta, none of which are recessed. Mouthparts projecting into a
truncate cone. Mandible with 1 large basal tooth, 2 large apical teeth, and 8-13
smaller intermediate teeth. Maxilla styliform. Postantennal organ absent. Eyes 8
+ 8, subequal. No clavate tenent hairs. Unguis with clear inner tooth. Unguiculus
absent. Ventral tube with 3 + 3 distoanterior setae and 1 + 1 basal setae. Dens
subequal in length to manubrium, with 6 dorsal and no ventral setae. Mucro about
% as long as dens. Integumental granules about 0.004 mm in diameter. All body
setae acuminate and smooth. Sixth abdominal segment without clear anal spines
but with many basally expanded setae, 6 of which are spinelike. Female genital
plate with 16 short, smooth setae. Maximum length 3 mm.

Remarks: The Hawaiian specimens differ in a number of details of chaetotaxy
and mandibular structure from descriptions of Japanese specimens, and they may
be a separate species, but the general similarity is sufficient that we think it best to
consider them conspecific until comparison can be made with Japanese material.

Ecology: Found on intertidal zones and beaches.

Records: Oahu: 5245. Laysan: 6196. Pearl and Hermes Reef: 6197, 6831.



Plate 25— Oudemansia esakii: A, habitus (6197, Pearl and Hermes Reef); B, dorsum, fourth and third antennal
segments (same); G, same, venter (same); D, mandible (5245, Oahu); E, maxilla (same); F, dorsal chaetotaxy and
foveae, left side (6197, Pearl and Hermes Reef); G, same, abdomen; H, dorsal cephalic chaetotaxy (5245, Oahu); I,
ventral cephalic chaetotaxy, left side (6197, Pearl and Hermes Reef); J, posterior ventral abdominal chaetotaxy, left
side (same); K, hind foot complex (5245, Oahu); L, dentes and mucrones (same); M, ventral tube (6197, Pearl and
Hermes Reef); N, detail of abdominal cuticle, dorsum, fourth abdominal segment (5245, Oahu); O, male genital
plate (6197, Pearl and Hermes Reef).
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Genus AETHIOPELLA Handschin, 1942
Type species: Pseudachorutes flavoantennatus Philiptschenko, 1926

As defined by Massoud (1967), this genus differs from Pseudachorutes only in the
moruliform postantennal organ. There is a single Hawaiian species, 4. kuolo,
which is very close to the species of Pseudachorutes described here. They are only
arbitrarily separated in genus on the basis of the different postantennal organ. In
all other respects they are very similar.

Acthiopella kuolo Christiansen and Bellinger, new species (Plate 26)

Color mottled pale blue, paler beneath. Fourth antennal segment fused to third
dorsally but separated ventrally, with trilobed bulb in an apical pit and 3 weakly
differentiated sensory setae; no ventral “file.” Apical organ of third antennal seg-
ment of 2 short angled rods in a shallow groove at the intersegmental fold. Mandi-
ble with 3 teeth. Maxilla styliform. Postantennal organ with over 30 lobes in a clus-
ter, about 1% times diameter of nearest eye. Eyes 8 + 8, subequal. Tenent hairs
acuminate; inner subapical seta much longer than others. Unguis with small but
clear inner tooth. Ventral tube with 3 + 3 setae. Tenaculum without setae, with 2
+ 2 teeth. Furcula short; dens with 3 setae, a little less than twice as long as mucro.
Mucro with clear lateral lamella and basal swelling. Dorsal chaetotaxy unusual,
with each body segment having 1 pair of large lateral setae and a number of minute
(7-10 pym long) setae, which are irregular in position and difficult to see. All setae
acuminate and smooth. Female genital plate with 6 setae. Male genital plate with
26 setae in 2 circles, those of the inner circle being thicker than others. Maximum
length 1.25 mm.

Remarks: We have only three specimens of this species, but since they include
an adult male and female and the form is so distinctive we believe it merits descrip-
tion. It resembles Pseudachorutes insularis Yosii, 1965 in some respects, but has a very
different mucro. The most similar species of Aethiopella is A. tournieri Delamare,
1951, which has four mandibular teeth, a mucro that is only ' as long as the dens,
and a striking blue-and-white pattern.

Derivatio nominis: Hawaiian, baggy.

Type locality: Holotype and 2 paratypes, Kauai, Hanalei Valley State Conser-
vation Area, VII-25-1986, 100 m, dry forest, under bark, KC (6728).

Ecology: In mixed forests under bark and in moss in lowland area.

Additional records: Kauai: 5209, 6717.

Genus PSEUDACHORUTES Tullberg, 1871
Type species: P. subcrassus Tullberg, 1871

This genus is readily distinguished from most other Hawaiian forms by the com-
bination of conically projecting mouthparts, 8 + 8 eyes, absence of the unguiculus,
and well-developed furcula with a single mucronal lamella. The most similar spe-
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Plate 26—Aethiopella kuolo: A, habitus, with clear nongranulate areas shown (6717, Kauai). All remaining figures
of 5209, Kauai: B, dorsum, third and fourth antennal segments; C, venter, fourth antennal segment; D, venter of
third antennal segment; E, mandible; F, maxilla; G, left eyepatch and postantennal organ; H, dorsal chaetotaxy,
left half of head, encircled setae sometimes absent; I, enlargement of second thoracic segment chaetotaxy; J, dorsal
trunk chaetotaxy; K, ventral cephalic chaetotaxy; L, ventral abdominal chaetotaxy, left side, last two abdominal
segments; M, hind foot complex; N, mucro and dens; O, ventral tube; P, male genital plate.
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cies belongs to the genus Aethiopella, which is arbitrarily separated as a result of its
having the tubercles of the postantennal organ in a cluster instead of a single ring.
There is a single Hawaiian species, P. poahi.

Pseudachorutes poahi Christiansen and Bellinger, new species (Plate 27)

Color dark blue with paler intersegmental membranes, ventral surface, and
appendages. Fourth antennal segment with apical bulb in a shallow pit, unlobed
but sometimes apically indented, and 4 to 6 curved, blunt “sensory’” setae; fourth
antennal segment fused to third dorsally and only weakly separated ventrally.
Third antennal segment apical organ of 2 subspherical pegs. Mandible reduced
and unclear, apparently with only 1-2 apical teeth. Maxilla styliform. Postanten-
nal organ with 7-8 lobes in a rough circle, subequal to nearest eye in diameter.
Eyes 8 + 8, subequal. Tenent hairs small and acuminate. Unguis with a strong
inner tooth. Ventral tube with 3 + 3 setac. Tenaculum with setae, with 3 + 3
teeth. Furcula well developed; dens with 5-6 dorsal setae, 3 times as long as
mucro; mucro with large lateral lamella and a basal swelling that is sometimes
tuberculate. All body setae acuminate and smooth. Head and first 6 trunk seg-
ments with well-developed paired pseudopores. Female genital plate with 10 setae.
Male not seen. Maximum length 1.4 mm.

Remarks: This species resembles both P. curtus Christiansen and Bellinger, 1980
and P. japonicus Kinoshita, 1916. It differs from the former in lacking a ventral
antennal “file”” and in mouthparts and chaetotaxy. It differs from both species in
the postantennal organ and mucronal structure. The chaetotaxy and mandible are
obscure and not seen clearly in any specimen.

Derivatio nominis: Hawaiian, obscure.

Type locality: Holotype and 5 paratypes, Hawaii, east slope of Mauna Loa, X-
31-1971, 8000 ft., pitfall trap, Jacobi (5341).

Genus ANURIDA Laboulbéne, 1865
Type species: Achorutes maritimus Guérin, 1838

This genus is characterized by the absence of a furcula, unlobed sixth abdominal
segment, and the presence of toothed mandibles without a molar plate and a well-
developed postantennal organ. The only known Hawaiian species is a minute
member of the subgenus Micranurida Borner, 1901 (type species: M. pygmaea
Boérner, 1901).

Anurida (Micranurida) anini Christiansen and Bellinger, new species (Plate 28)

Color white, with eyes dark. Fourth antennal segment with a strong unlobed
apical bulb in a moderately deep pit and 5 broadly oval “sensory” setae. Apex of
third antennal segment ventrally with 2 minute pegs and 2 lateral thickened rods.
Mandible not clearly seen but apparently with 3 teeth. Maxilla simple. Eyes 2 + 2,
subequal, on separate pigment spots. Postantennal organ with 6-7 lobes, slightly



Plate 27— Pseudachorutes poahi: A, habitus (holotype); B, dorsum of antennal apex (same); C, ventral surface of
antennal apex (same); D, apical organ, third antennal segment (same); E, left eyepatch and postantennal organ
(paratype); F, chaetotaxy, head and first thoracic segment, and foveae (composite, types); G, posterior dorsal
chaetotaxy (paratype); H, labial chaetotaxy (paratype); I, ventral chaetotaxy, last four abdominal segments (com-
posite of two paratypes); J, hind foot complex (holotype); K, manubrium and dentes (same).
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Plate 28— Anurida (Micranurida) anini: A, habitus (holotype); B, dorsal surface, third and fourth antennal segments
(same); G, lateral surface, third and fourth antennal segments (same); D, mandible, seen on edge (paratype); E,
maxilla (same); F, eyes and postantennal organ (same); G, cephalic dorsal chaetotaxy (same); H, dorsal chaetotaxy,
first two thoracic segments (holotype); I, dorsal abdominal chaetotaxy, last four segments (paratype); J, ventral
cephalic chaetotaxy, right side (holotype); K, ventral abdominal chaetotaxy, left side, last three abdominal segments
(paratype); L, hind foot complex (paratype); M, ventral tube (holotype).
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more than twice diameter of nearest eye. Tenent hair acuminate. Unguis without
inner or lateral teeth. Unguiculus absent. Ventral tube with 4 + 4 setae. Integu-
ment finely and uniformly granulate; granules about 1 ym in diameter. Body setae
all short, slightly curved, and acuminate. Female genital area not clearly set off
from surrounding integument, without setae. Maximum length 0.6 mm.

Remarks: Specimens we have seen are very similar to 4. (M.) pygmaea and to A.
(M.) meridionalis Cassagnau, 1952. A. anini differs from both in the possession of
five broadly oval antennal setae. Chaetotaxy of the Hawaiian specimens is unlike
that of nearctic A. (M.) pygmaea; the chaetotaxy of A. (M. ) meridionalis has not been
illustrated. The status of this form requires further study. Known only from the
type locality.

Derivatio nominis: Hawaiian, tiny.

Type locality: Hawaii, Puu Anahulu, I11-28-1964, 2300 ft., mixed forest, litter,
Haas (5115).

Genus PARANURA Axelson, 1902
Type species: Paranura sexpunctata Axelson, 1902

Members of this genus have an undivided sixth abdominal segment, clearly visi-
ble from above; no postantennal organ; fewer than 6 + 6 eyes; no furcula; no
unguiculus; well-developed blunt antennal setae; and reduced maxillae and triden-
tate mandibles as in Neanura.

The concept of Paranura as recognized in The Collembola of North America has been
revised by Deharveng (1981a) to exclude the species with one greatly enlarged
antennal blunt seta (transferred to Sensillanura). The Hawaiian species described
here does not fit well in Paranura in either sense, but we do not wish to erect a new
genus on the basis of the material at hand.

Paranura nalo Christiansen and Bellinger, new species (Plate 29)

Color white. Body greatly flattened, recalling Phylliomeria Delamare, 1948, dor-
sally concave in alcohol. Fourth antennal segment fused with third, with no apical
bulb but with 6 indistinct long, blunt setae. Eyes 2 + 2, unusually small and pro-
jecting, without pigment. Mandible tridentate; maxilla with 2 finely toothed rami.
Labium with 1 large and 7 small setae per side. Tenent hair acuminate. Unguis
untoothed, coarsely granulate on inner surface. Ventral tube with 4 + 4 smooth
setae. Vestige of furcula in the form of a knob bearing 8 short acuminate setae. All
trunk segments distinct except for the fourth and fifth abdominal segments, which
are partially fused. Male genital plate with a double ring of 16 minute setae. Body
setae short and acuminate, from less than ' (most) to % length of inner edge of
unguis. Integument with coarse irregular tubercles, 15-95 ym in diameter, with
groups of 4-18 tubercles set off by reticulation. Maximum length about 3.5 mm.

Remarks: This species is unusual in many respects and differs from all the
Neanurini with which we are familiar in the small size of the dorsal body setae.
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Plate 29— Paranura nalo (all figures of 6189, Oahu): A, dorsum, antennal apex; B, venter, same; G, eyes, right side
of head; D, labial triangle; E, posterior dorsum of abdomen, right side; F, furcula vestige.

The resemblance to Phylliomeria may be more than superficial; however, this form
does not fit well in any of the genera associated with Phylliomeria by Cassagnau
(1983). We have seen only two specimens of this species.

Derivatio nominis: Hawaiian, forgotten.

Type locality: Holotype, Oahu, Poamoho Trail, Koolau Range, VI-15-1972,
650 m, wet leaf litter, Gagne (6189).

Genus NEANURA MacGillivray, 1893
Type species: Achorutes muscorum Templeton, 1835

We place in this genus all Hawaiian Collembola lacking a furcula and with well-
developed body tubercles and a bilobed sixth abdominal segment. The species lack
postantennal organs and unguiculi; some body setae are conspicuously larger than
others, and these are often serrate and/or blunt. Dorsal cephalic and trunk setae
form characteristic groups, identified according to a system formulated by Gama
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(1964) (Fig. 25A); the ventral chaetotaxy has also proved useful in some cases (Fig.
25D). Also see Cassagnau and Deharveng (1981).

Recent work on the classification of the Neanurinae by Yosii, Cassagnau, and
Deharveng has improved our knowledge of relationships in this group. However, it
has also blurred the distinction between genera near Neanura, for example, the evo-
lution of simple mouthparts seems to have taken place several times independently.
The position of the principal species group in Hawaii in the modern classification is
still not clear. We therefore prefer to place all Hawaiian species meeting the defini-
tion given here in the single genus Neanura, while indicating their presumed posi-
tion in the system of Cassagnau (1983) by the use of subgeneric names.

There are eight Hawaiian species of Neanura: N. (Protanura) aleo, N. (Paleonura)
ili, N. (Protanura) capitata, N. (Protanura) citronella, N. (Vitronura) giselae, N. (Pro-
tanura) hawaziiensis, N. (Neanura) muscorum, and N. (Morulodes) setosa.

Figure 25—Characters of Neanura (all figures after Deharveng): A, dorsal chaetotaxy and tubercle designation; B,
seta designations within tubercles; C, cephalic chaetotaxy and seta lettering; D, ventral chaetotaxy. Tubercle desig-
nations: Af, anterofrontal; Ag, anogenital; An, anal; C, clypeal; De, dorsoexternal; Di, dorsointernal; DI, dorsolat-
eral; L, lateral; Oc, ocular; So, subocular; Ve, ventral; VI, ventrolateral.
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KEey To HAwAIIAN SPECIES OF NEANURA

1. Unguiswith inner tooth (Fig. 26A). ....... ... ... ... .. ... ... . .. o .. 2
Unguis without tooth (Fig. 26B). .. ...... ... ... ... 6

9%

2(1). With patches of blue pigmentation; maxilla needlelike (Fig. 27A) (subgenus

Morulodes). . ........ ... .. ... N. (Morulodes) setosa
Color white to orange; maxilla complex (Fig. 27B) (subgenus Protanura). . . ........ 3
——
L7 119
27A 27B
3(2). Longest body setae clavate (Fig. 28B).................... N. (Protanura) capitata
Longest body setae not clavate (Fig. 28A). . . ... ... ... ... 4

28B

4(3). Eyesabsent. .......... ... .. i N. (Protanura) hawaiiensis
Eyespresent. ... ... 5

5(4). Longest body setae less than 2.5 times as long as inner edge of unguis. .. ........
.................................................... N. (Protanura) aleo

Longest body setae more than 2.5 times as long as inner edge of unguis. ... ......
............................................... N. (Protanura) citronella

6(1). Eyes 3 + 3, at least 2 of which are pigmented; color blue (subgenus Neanura). ... ..
............................................... N. (Neanura) muscorum
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7(6). Cephalic setae C and E present (Fig. 29A); dorsal tubercles well developed (sub-

genus Vitronura). . . ... N. (Vitronura) giselae
Cephalic setae C, E, and O absent (Fig. 29B); dorsal tubercles weakly developed
or absent (subgenus Paleonura). . . .............. .l N. (Paleonura) ili

Va
\/////// ,
// /// 7 \ Y

29A 29B

Subgenus PROTANURA Boérner, 1906
Type species: Neanura quadrioculata Bérner, 1901

We place here the Hawaiian species of Neanura having many mandibular teeth
and a complex, fringed maxilla. The species have identical mouthparts and are
further similar in antennal setae and trunk chaetotaxy; the ventral tube in all has 4
+ 4 setae.

Species of this group have in the past been placed in Protanura and in Coecoloba
Yosii, 1956 (type species: Protanura lobella Yosii, 1954). They do in fact show simi-
larity in mouthparts and other characters to Coecoloba, but members of the latter
group are all blind, whereas three of the four Hawaiian species have eyes. It may
eventually be necessary to place these species in a distinct genus.

The species differ in eye number, size and shape of trunk setae, boss structure,
and tibiotarsal setae. Some of these differences are noted in Table 6. Eyes, when
present, are represented only by corneas, without pigment spots. Species are all
white or yellowish. Patches of extremely fine reticulate integument are found on -
the dorsal surface of the head and trunk; these may furnish additional taxonomic
characters, but some at least have been found to be asymmetrical.

At present we recognize four Hawaiian species of subgenus Protanura: aleo, capi-
tata, citronella, and hawaiiensis. Tt is very likely that others remain to be discovered.

Neanura (Protanura) aleo Christiansen and Bellinger, new species (Plate 30)

Color orange to white. Fourth antennal segment with apical bulb of 4-6 lobes,
only weakly differentiated from normal sculpturing, and with 5-6 clear, slightly
blunt to blunt setae; subapical sense peg spherical and about the same size as cutic-
ular granulations. Apical organ of third antennal segment with 2 short pegs in a
shallow groove; without distinct accessory rods. Eyes 2 + 2 (rarely 3 + 3), close



Table 6. Characteristics of Hawaiian Species of Neanura

BLUE
LARGE ANTENNAL ~ EYESPER  MANDIBULAR  COMPLEX  BODY ORANGE ~ UNGUAL

SUBGENUS SPECIES BLUNT SETAE SIDE* TEETH* MAXILLAE PIGMENT  PIGMENT TOOTH LONGEST ABDOMINAL SETAE
Protanura  aleo 6=** 2(3) 5 + - + +  acuminate

capitata 6= 3 5 + - - + clavate

citronella 6= 3-4(5) 5 + - + + acuminate to slightly

blunt

hawaiiensis 6= 0 5 + - +- + truncate

Paleonura ili 7-8; 1-2 longer 2 2 - - - - acuminate to slightly
blunt
Neanura  muscorum 6= 3 3 - + - - blunt
Vitronura  giselae 6-7= 2(1) 3 - - +- - blunt
Morulodes  setosa 6; of varied lengths 4 3 (1 minute) - + - + acuminate and serrate
Special Features of Protanura
INNER SUBAPICAL SETAE LONGEST BODY SETAE/

SPECIES OF TIBIOTARSUS INNER UNGUIS
aleo curved, acuminate 1.9-2.2
capitata straight, acuminate 3.4
citronella curved, clavate 2.8-3.2
hawaitensis  straight, acuminate 1.7-2.2

*Parentheses indicate exceptional conditions.
**= = approximately the same size.



Plate 30— Neanura (Protanura) aleo (all figures of specimens from Molokai): A, habitus, setae and tubercles omitted
(5484); B, dorsum, fourth antennal segment (paratype); C, ventral surface, fourth antennal segment (5484); D, api-
cal organ, third antennal segment (5716); E, mandible (paratype); F, maxilla (samg); G, eyes and ocular setae
(5484); H, dorsal cephalic setae (holotype); I, dorsal chaetotaxy, left side (paratype); J, labial chaeotaxy, left side
(paratype); K, ventral abdominal chaetotaxy, right side (holotype); L, detail, dorsal chaetotaxy of second and third
thoracic segments (holotype); M, D, and L setae, second thoracic segment and first abdominal segment, seen from
below (paratype); N, hind foot complex (5484).
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together. No clearly differentiated postantennal organ, but 2 patches of integument
with extremely minute reticulations are located in this area. Mandible with apical
tooth somewhat larger than 3 subequal intermediate teeth, all of which are much
smaller than the thin, flexible basal tooth; the latter is often folded over, giving a
flat appearance to the base; apex of mandible with a finely serrate projection. Dor-
sal maxillary lamella heavy and tridentate; ventral lamella with 3-4 rows of slen-
der, slightly curved, flexible teeth, subequal in size except for slight shortening in
apical . Tibiotarsus without clear tenent hairs, but with elongate subapical inner
setae, 1.4-1.6 times as long as inner edge of unguis, and apically curved, acumi-
nate, or slightly truncate. Unguis tuberculate along most of median surface.
Cephalic setae A-G always present; seta O unpaired, varying in position but usu-
ally just in front of A setae. Dorsal trunk chaetotaxy given in Table 7. Dorsolateral
boss of second thoracic segment with fifth seta very small, blunt, and curved. Sec-
ond thoracic through third abdominal segments each with a minute anterior setula
between the Di and D. bosses. D: bosses of fourth abdominal segment fused. Ven-
tral abdominal chaetotaxy given in Table 7. Integumentary granules uniform,
2.5-3.5 ym in diameter. Maximum length 3.6 mm.

Molokal Maui 1

Remarks: This species resembles N. citronella in eye structure, but the typical eye
number is different, the longest trunk setae are shorter, and the fused D: bosses of
the fourth abdominal segment distinguish it further. Two of the collected speci-
mens have 3 + 3 eyes, whereas the cave forms have 2 + 2 (2 + 3 in one case); in
other respects they are very similar.

Derivatio nominis: Hawaiian, tower.

Ecology: Found primarily in caves, 1200 m and above.

Type locality: Holotype and 2 paratypes, Molokai, Lua Lolo Cave, Kawela, I-
6-1981, 1200 m, deep zone, Howarth (5485).

Additional records: Maui: 6862. Molokai: 5484, 5716.

Neanura (Protanura) capitata Folsom, 1932 (Plate 31)
Proc. Hawaii. Entomol. Soc. 8:56 (Protanura,).

Color white. Fourth antennal segment without distinct apical bulb; with 6 clear
blunt setae. Apical organ of third antennal segment with 2 oval pegs in a shallow
groove; without distinct accessory rods. Eyes 3 + 3. No postantennal organ visi-
ble. Mouthparts as in N. aleo. Differentiated tenent hairs absent. Subapical inner
tibiotarsal setae about 1.6 times length of inner edge of unguis. Unguis with well-
developed inner tooth and tuberculate along most of medial surface. Cephalic setae
E and O missing. Dorsal trunk chaetotaxy given in Table 7. Lateral boss of second
thoracic segment with fifth seta a minute cylindrical peg. Ventral abdominal
chaetotaxy given in Table 7. No minute intermediate setulae on dorsum of trunk.
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Table 7. Chaetotaxy of Neanura

DORSAL TRUNK SETAE

SPECIES SEGMENT  D; D, D, L VENTRAL ABDOMINAL SETAE
aleo Th. I 1 2 1 -
I 3 4 4 3-4
111 3 4 4 3-4
Abd. I 2 3 2 4
I 2 3 2 4 Ve 4+4
111 2 3 2 4 Furca 7(9), Ve 4+4
v 2 3 23 4 Ve 8+8, 748, V1 5+5
\'% 8 - - - Ag 3+3, VI 1+1
VI 7(6) - - - 14+14-18+18
capitata Th. I 1 2 1 -
I 2 3 4 3
I11 3 3 4 3
Abd. I 2 3 2 3
11 2 3 2 5 4+4
111 2 3 2 5 Furca 6, Ve 5+?
v 2 2 3 4 Ve 7+7, V1 5+5
\"% 8 - - - Ag4+3, VI 1+1
V1 7 - - - 14+15
citronella Th. 1 1 23 1 -
II 3 4 4 3-4
I11 3 4 4  3-4
Abd. I 2 2 2 4
11 2 2 2 4 Ve 4+4
III 2 2 2 4 Furca 8, Ve 4+4(4+5)
v 2 3(2) 2(3) 45) Ves8+8(7+7), VI5+5
A\ 8(7) - - - Ag3+3, VI 1+1
VI 78) - - - 14+14
hawaiiensis Th.I 1 2 1 -
II 3 4 4 3
II1 3 4 4 4
Abd. I 2 3 2 3-4
II 2 3 2 4 Ve 4+4
II1 2 3 2 4 Furca 9, Ve 5+5-6+6
v 2 3 23 4 Ve 8+8, V1 5+5
v 8 - - - Ag3+3(3+4), V1 1+1
VI 7 - - Ve 13+13-14+14(14+15)



Table 7. (continued)
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DORSAL TRUNK SETAE

SPECIES SEGMENT D; D, Dy L VENTRAL ABDOMINAL SETAE
muscorum Th. I 1 2 1 -
II 3 4 4 3
I1I 3 4 4 3
Abd.I 2 43) 2 3
II 2 43) 2 3 Ve 5+5
111 2 43 2 39 Furca 5-6(7), Ve 5+5(4+5)
v 2 3 3 7 Ve 8+8-9+10(7+7), V1 4+4(4+5)(5+5)
A\ 32 8 - - Ag3+3, VI 1+1
VI 7 - - - 14+14
giselae Th.1 1 2 1 -
II 3 4(5) 4 3
111 3 45) 4 3
Abd.I 2 43) 2 3
I 2 43) 2 3 Ve 5+5(4+4)(4+5)(5+6)
111 2 43) 2 3 Furca 5(6), Ve 4+4(3+3)(5+5)
v 2 433) 2(3) 6 Ve 8+8-9+9(6+7), V1 5+5(4+4)
v 3 5 - - Ag 3+3(2+3), V11+1
VI 7 - - - 15+15-17+17
ili Th.1 1 23) 1 -
1I 3 3 4 3
111 3 3 4 3
Abd. I 2 3 2 3
11 2 3 2 3 Ve 4+4(4+5)
111 2 3 2 3 Furca 4-5(3), Ve 3+3(4+4)
v 2 2 32 6 Ve 7+7(7+8), V1 4+4(3+3)
v 2 5 - - Ag 4+3(3+3), VI 2+2(2+3)(3+3)
VI 6 - - - 16+16(15+16)
setosa Th. 1 1 2 1 -
II 3 5 4 3
111 3 5 4 3
Abd. I 2 4 2 3
11 2 4 2 4 Ve 4+4
111 2 4 2 4 Furca 4, Ve 3+2
v 2 —6— 7 Ve 8+7, V1 4+4
\% 7 - = - Ag5+5,VI4+5

VI

16+16
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Plate 31—Ne (Prot ) capitata: A, habitus (after Folsom); B, apex of antenna (same); C, apical organ, third
antennal segment (same); D, mandible (same); E, maxilla (same); F, eyes and dorsal cephalic chaetotaxy, right side
(type specimen); G, ventral abdominal chaetotaxy, fourth through sixth abdominal segments (type specimen); H,
detail of lateral setae, first abdominal segment (same); I, hind foot complex (after Folsom).
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All Di bosses weakly developed but separate. Longest body setae strongly clavate or
capitate. Integumentary granules 3-4.5 pm in diameter. Maximum length 3 mm.
Remarks: The single type specimen we have seen showed 3 + 3 distinct eyes.
The heavy clavate or capitate setae readily distinguish this species from other
Hawaiian members of the subgenus.
Type locality: Honolulu, XI-13-1930.

Neanura (Protanura) citronella Carpenter, 1904 (Plate 32)
Fauna Hawaiiensis 3:303.

Color light orange in life, yellowish in preserved material. Fourth antennal seg-
ment with trilobed apical bulb, not in a pit but still clearly differentiated from other
antennal structures, and with 6 clear blunt setae; subapical sense peg rodlike,
smaller than neighboring integumentary granules. Apical organ of third antennal
segment with 2 short curved pegs in a shallow groove and 1 slender, blunt guard
seta considerably lateral and basal of the groove. At the usual location of the post-
antennal organ there is a depression slightly larger than the nearest eye. Eyes 3 + 3
to 5 + 5. Mouthparts as in N. aleo. Tibiotarsus without differentiated tenent hairs;
subapical inner setae about 1.8 times length of inner edge of unguis and apically
expanded. Unguis with clear inner tooth and tuberculate medial surface. Cephalic
dorsal setae A-G present, O sometimes absent. Dorsal trunk chaetotaxy given in
Table 7. Second thoracic segment with a fifth seta, a short curved peg, on the dor-
solateral boss. Second thoracic through third abdominal segments each sometimes
with minute anterior setulae between the Di and D. bosses. Chaetotaxy of venter of
abdominal segments given in Table 7. Long body setae acuminate or slightly
blunt. Integumentary granules uniform, 2.5-3.1 um in diameter. Maximum
length 3 mm.

Oahu Maui 1

Remarks: We have examined two type specimens: a badly mangled one from
Bishop Museum and a somewhat better one from the National Museum of Ire-
land. In addition we have seen two recent collections. They are similar in most
observed respects. The legs have the subapical tibiotarsal setae clearly expanded
apically. Our description is based on the recent specimens.

A battered specimen from Maui labeled citronella, and probably used by Carpen-
ter, lacks the postantennal organ, and the few short setae seen are quite different
from those on the recent Oahu material. It may well represent a different species.
In addition, Carpenter’s figures show a capitate body seta like those on N. capitata.
Carpenter saw collections both from Waianae and from Honolulu (the only known



Plate 32— Neanura (Protanura) citronella: A, habitus (after Carpenter); B, dorsum of fourth antennal segment (5301,
Oahu); C, ventral surface, fourth antennal segment (same); D, apical organ, third antennal segment (same); E,
mandible (same); F, maxilla (same); G, eyes (after Carpenter); H, eyes and postantennal organ (5301, Oahu); I,
dorsal chaetotaxy of head (same); J, composite dorsal chaetotaxy, right side, first thoracic segment-first abdominal
segment; K, same, second through sixth abdominal segments; L, detail of dorsolateral setae, second thoracic seg-

ment (same); M, ventral cephalic chaetotaxy, right side (same); N, mid foot complex (same); O, ventral tube
(same); P, male genital plate (same).
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locality for N. capitata), so it may well be that his description and figures are com-
posite and based on as many as three species.

For the moment we believe it is best to consider the recent Koolau Mountains
specimens as representative of the species. It is possible that further collections will
change our ideas of the identity of N. citronella.

Type locality: Oahu, Honolulu, V-1896, Perkins.

Additional records: Oahu: 5301, 6760.

Neanura (Protanura) hawaiiensis Bellinger and Christiansen, 1974, new combi-
nation (Plate 33)
Pac. Insects 16:31 (Protanura).

Color in life orange to white. Apex of fourth antennal segment varying from
having no clearly differentiated apical bulb (Pl. 32B) to having one or two distinct
projecting bulbs (P1. 32C); segment with 6 clearly distinguished blunt setae; sub-
apical sense peg spherical and about as large as integument granulations. Apical
organ of third antennal segment with 2 short swollen pegs in a shallow groove and
2 lateral basal guard setae, one a basally bent blunt rod, the other a small conical
peg, close to each other. Eyes and postantennal organ absent; extremely finely re-
ticulate integument in place of eyes. Mouthparts indistinguishable from those of N.
aleo. Tibiotarsus without distinguishable tenent hairs; subapical inner setae acumi-
nate and 1.1-1.2 times length of inner edge of unguis. Unguis with a strongly
developed inner tooth and tuberculate on inner portions. Cephalic dorsal setae A-
G always present, but D or E setae sometimes unilateral and A setae rarely (2 spec-
imens) 4 in number; O seta always present, rarely double. Ocular seta 1 always
present; setae 2 or 3 (occasionally both) present. Dorsal trunk chaetotaxy given in
Table 7. Second thoracic segment with fifth seta of dorsolateral boss as a short,
curved peg. Trunk segments from second thoracic through third abdominal with a
minute setula between Di and D. bosses. Di bosses of fourth abdominal segment
separate. Ventral abdominal chaetotaxy given in Table 7. Integumentary granules
uniform, 2.5-3.5 um in diameter. Maximum length 3.3 mm.

Hawaii



Plate 33—Ne (Prot hawaitensis (all figures of specimens from Hawaii): A, habitus, setae and tubercles
omitted (5422); B, dorsum, third and fourth antennal segments (after Bellinger and Christiansen); C, ventral sur-
face, fourth antennal segment (7053); D, variations in antennal apex (holotype, paratype); E, apical organ of third
antennal segment (5433); F, mandible (after Bellinger and Christiansen); G, maxilla (same); H, dorsal chaetotaxy
(after Bellinger and Christiansen); I, dorsal cephalic chaetotaxy (paratypes); J, detail of chaetotaxy, first and second
abdominal segments (5433); K, labial chaetotaxy, right side (paratype); L, ventral abdominal chaetotaxy (5433);
M, hind foot complex (after Bellinger and Christiansen); N, male genital plate (5433); O, detail of lateral setae, sec-
ond thoracic segment (holotype).
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Remarks: This is the most numerous species of Protanura in our collections. It is
also the only eyeless species. The variability in some features may be indicative of
what will be found in other species with more collections.

Ecology: Known only from caves.

Type locality: Hawaii, Mountain View, Kazumura Cave, 400 m, cave depths,
Howarth.

Additional records: Hawaii: 5418, 5420, 5422, 5433, 5465, 5468, 7053.

Subgenus NEANURA s.str.

Neanura (Neanura) muscorum (Templeton, 1835) (Plate 34)
Trans. Entomol. Soc. London 1:97 (Achorutes).—Stach, 1951.—Christiansen and
Bellinger, 1980.

Color medium to dark blue, paler ventrally. Fourth antennal segment with pro-
jecting, trilobed apical bulb and 6 subequal curved, blunt setae; subapical sense
peg small and spherical. Apical organ of third antennal segment with 2 short,
curved pegs in a shallow groove and 2 basally angled, slender blunt setae, one lat-
eral to organ and the second lateral and basal at a greater distance. Eyes 3 + 3, not
in a straight line. Mandible tridentate; maxilla needlelike. Antennal and frontal
tubercles fused; all other tubercles well developed and separate, consisting of
weakly demarcated clusters of granules forming bosses that in larger specimens are
separated by linear agranulate partitions. Tenent hairs acuminate. Unguis
untoothed. Ventral tube with 4 + 4 setae. Cephalic dorsal setae C, D, E, and O
well developed. Dorsal trunk chaetotaxy given in Table 7. Ventral abdominal
chaetotaxy given in Table 7. Second abdominal segment with inner ventral setae;
fourth with 4 + 4 lateral ventral setae, not in a straight line. Most body setae
acuminate; largest setae weakly blunt and weakly serrate. Maximum length
3.0 mm.

Lanai 2
Maui 1
Pearl and Hermes Reef 1

Kauai



Plate 34— Neanura (N.) muscorum: A, habitus (setae omitted) (6839, Hawaii); B, dorsum, third and fourth anten-
nal segments (6680, Maui); C, ventral surface, fourth antennal segment (same); D, apical organ, third antennal
segment (another specimen, same); E, mandible (after Christiansen and Bellinger); F, maxilla (after Gisin); G, left
eyepatch (6680, Maui); H, dorsal chaetotaxy, left side (after Deharveng); I, ventral labial chaetotaxy (5681,
Hawaii); J, ventral abdominal chaetotaxy (6680, Maui); K, hind foot complex (6680, Maui).
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Remarks: The Hawaiian specimens agree well with previous descriptions. How-
ever, they show much less variation in chaetotaxy than does nearctic material. The
small sample from Pearl and Hermes Reef has serrate body setae and 4 + 4 D:
setae on the fifth abdominal segment. This may be a different species, but is more
likely a local segregate associated with the facultative parthenogenesis that is char-
acteristic of N. muscorum.

Ecology: Found in litter and epiphytic plants in wet forests between 2000 and
4000 ft. elevation (the Pearl and Hermes Reef collection is an exception).

Records: Hawaii: 4856, 4860, 4873, 4934, 4935, 4936, 4937, 5126, 5266, 5276,
5330, 5372, 5649, 5681, 5682, 5684, 5691, 6839. Maui: 6680. Lanai: 6698, 6700.
Kauai: 5071, 5208, 5215. Pearl and Hermes Reef: 4912.

Subgenus VITRONURA Yosii, 1969a
Type species: Neanura mandarina Yosii, 1954

This subgenus, as recently revised by Cassagnau and Deharveng (1981),
includes species of Neanura with simple mouthparts and with three interocular
tubercles, the antennal tubercles distinct and separate. There is a single Hawaiian
species.

Neanura (Vitronura) giselae Gisin, 1950 (Plate 35)
Mitt. Schweiz. Entomol. Ges. 23:414 [Neanura (Lathriopyga)].—Cassagnau and
Deharveng, 1981

Color in life white to orange; in alcohol, white. Fourth antennal segment with
trilobed apical bulb, sometimes withdrawn so that only tips of lobes can be seen,
and 6-7 clear blunt setae, all subequal in size; subapical sense peg small and capi-
tate. Third and fourth segments fused dorsally but clearly separate ventrally. Api-
cal organ of third segment with 2 short, curved pegs in a deep groove and 2 basally
bent blunt rods, one lateral and one basal of the pegs. Eyes 2 + 2 (rarely 1 + 1);
anterior eye in front of ocular boss. Clypeal and frontal (unpaired) and antennal,
ocular, dorsointernal, dorsoexternal, and dorsolateral-lateral bosses all distinct on
head; lateral bosses often not completely distinct in dorsal view. Integument of
cephalic and trunk bosses with complex sculpturing formed of clusters of tubercles.
Tenent hairs acuminate. Unguis untoothed. Cephalic setae A-G always present.
Dorsal trunk chaetotaxy given in Table 7. Ventral abdominal chaetotaxy given in
Table 7. Venter of second abdominal segment without inner setae. Ventral lateral
setae of fourth abdominal segment 5 (rarely 4), not in a line. Many larger dorsal
setae blunt; all setae smooth or very finely serrate. Maximum length 2.3 mm.

Remarks: Specimens from Hilo and from parts of Oahu match the description of
N. giselae given by Cassagnau and Deharveng (1981) in their revision of Vitronura
almost perfectly; the only obvious difference is that the anterior eye in our material
is well separated from the ocular tubercle. Specimens from other localities are gen-
erally similar in chaetotaxy and other features, but there are minor differences,
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Plate 35—Neanura (Vitronura) giselae: A, habitus, setae and tubercles omitted (6728, Kauai); B, dorsum of fourth
antennal segment and apex of third (5345, Hawaii); C, ventral surface, fourth segment (same); D, mandible (4791,
Oahu); E, maxilla (same); F, dorsal chaetotaxy, left side (composite, Hawaiian specimens); G, eyes and neighboring
setae (4774, Oahu); H, same (4786, Oahu); I, labial chaetotaxy (4783, Oahu); J, detail of cephalic chaetotaxy
(4785, Oahu); K, ventral abdominal chaetotaxy (4871, Hawaii); L, hind foot complex (6728, Kauai); M, ventral

tube (same).
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Hawaii

Kauai 1
Maui 1

Oahu Molokai 1

mainly between localities, as shown in Table 8. It is not clear whether this is a sin-
gle, locally variable species or a cluster of closely related species. Neanura giselac was
described from Switzerland and has been recorded from Africa and Mexico as well
as the Oriental Region; its affinities are with numerous Oriental species, but its
origin is unknown. Variation in blunt sensory setae of the fourth antennal segment
is largely the result of differences in the structure of the basal seta, which may be
acuminate and indistinguishable from ordinary setae.

Ecology: Found mostly in litter in disturbed sites and grassland, mostly at lower
elevations.

Records: Hawaii: 4871, 5119, 5345, 6845. Maui: 6705. Molokai: 5727. Oahu:
4752, 4768, 4774, 4775, 4783, 4785, 4786, 4791, 4792, 4814, 4832, 5223, 6526.
Kauai: 6728.

Table 8. Variation in Chaetotaxy in Hawaiian Neanura giselae

THORACIC
CEPHALIC D, SETAE
EYE DORSAL _— ANTENNAL
NO. SETAE O u 1 BLUNT SETAE LOCATION
2 1 4 5 6 Oahu
2 1 4 4 6 Oahu
2 0 5 5 6 Oahu
2 2 4 4 6 Oahu
1 1 4 5 7 Oahu
1 2 5 5 6 Oahu
1 1 4 4 6 QOahu
2 1 4 5 7 Hawaii, Oahu
2 0 4 5 6 Kauai
2 2 6 6 7 Maui
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Subgenus PALEONURA Cassagnau, 1982
Type species: Paleonura spectabilis Cassagnau, 1982

This subgenus includes species of Neanura with reduced mouthparts as in Neanura
s.str., but with dorsal tubercles poorly developed; the fourth antennal segment
lacks the greatly enlarged blunt seta found in subgenus Sensillanura and its Ameri-
can relatives. Other species of Paleonura are found in Southeast Asia and the Mar-
quesas Islands. There is a single Hawaiian species, N. i/:.

Neanura (Paleonura) ili Christiansen and Bellinger, new species (Plate 36)

Color (in preserved specimens) white to pale yellow. Apex of fourth antennal
segment with trilobed bulb, not withdrawn and similar to other surface sculptur-
ing; 7-8 subequal blunt sensory setae; subapical sense peg minute and spherical.
Apical organ of third antennal segment of 2 short curved pegs in a shallow groove,
and 2 slender, basally bent accessory rods, one lateral and one much farther lateral
and basal. Eyes 2 + 2. Tenent hairs acuminate. Unguis untoothed. Integument
uniformly granulate; granules 0.025-0.038 um in diameter. Cephalic ocular, dor-
soexternal, dorsolateral, and lateral bosses and lateral and posterior bosses of trunk
clear; others absent or weakly developed. Cephalic setae C, E, and O always
absent; A setae vary in size and position. Dorsal trunk setae given in Table 7. Ven-
tral abdominal chaetotaxy given in Table 7. Second abdominal segment with a pair
of inner ventral setae. Fourth abdominal segment with 4 + 4 (rarely 3 + 3) ventro-
lateral setae in straight lines. Body setae all acuminate or weakly blunt, and
smooth. Maximum length 2.3 mm.

Hawaii 1
Oahu Maui 1

Remarks: Specimens in life vary from orange to white. The cephalic A setae
vary greatly in size, and in one Oahu specimen the A seta of one side is a micro-
seta. Little variation in other characters was seen.

Cassagnau (1982), in describing Paleonura, listed 11 species that belong in this
group. N. iz differs from all of these in details of chaetotaxy, as it does from the
other Hawaiian species (in Protanura and Vitronura) that lack blue pigment. It is
most similar to Neanura insularum Carpenter, 1934 from the Marquesas Islands,
which has small cephalic D setae.

Derivatio nominis: Hawaiian, bark.

Ecology: Found from coastal areas through scrub land to rain forest at middle
elevations (about 1800 ft.), in litter and under debris and low vegetation.



Plate 36— Neanura (Paleonura) ili: A, habitus, setae and tubercles omitted (5163, Maui); B, dorsum, fourth anten-
nal segment (holotype); C, ventral surface, fourth antennal segment (same); D, apical organ, third antennal seg-
ment (5227, Oahu); E, mandible (5226, Oahu); F, maxilla (same); G, dorsal cephalic chaetotaxy (holotype); H,
dorsal chaetotaxy, through first abdominal segment, left side (5226, Oahu); I, same, second through fifth abdominal
segments; J, labial chaetotaxy, left side (same); K, ventral abdominal chaetotaxy (5227, Oahu); L, hind foot com-
plex (paratype); M, ventral tube (same).
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Type locality: Holotype and 1 paratype, Oahu, Kahana Bay, I1I-1-1982, about
1800 ft., under bark and decayed wood, KC (5242).
Additional records: Hawaii: 5138. Maui: 5163. Oahu: 5226, 5227.

Subgenus MORULODES Cassagnau, 1955
Type species: Morulodes millsi Cassagnau, 1955

This subgenus includes the only neanurines with strong body tubercles, no post-
antennal organ, and more than 3 + 3 eyes. Mouthparts are variable, reduced in
some species and hypertrophied in others. (In The Collembola of North America, we
placed Morulodes as a synonym of the very different genus Crossodonthina, because of
an unfortunate error in interpreting the mouthpart structure of the latter.) There is
a single Hawaiian species, N. (Morulodes) setosa.

Neanura (Morulodes) setosa Canby, 1926 (Plate 37)
J. Entomol. Zool. 18:41.—Christiansen and Bellinger, 1980.

Color blue with bosses darker than other areas. Fourth antennal segment with
trilobed apical bulb, weakly developed and only slightly differentiated from other
sculpturing, and 6 clear blunt setae, the longest being about 1.5 times as long as
the shortest; subapical sense peg minute and slightly swollen. Apical organ of third
segment with 2 short curved pegs in a shallow groove and 2 basally bent blunt
setae, one lateral and one more distant and lateral and basal of the organ. Eyes 4
+ 4, 3 anterior and 1 posterior on each side. Clypeal, antennofrontal, and ocular
bosses clearly developed; dorsointernal and dorsoexternal bosses fused, as are the
dorsolateral and lateral bosses. All trunk bosses distinct except that dorsoexternal
and dorsolateral bosses are fused on the fourth abdominal segment, and all bosses
are fused on each side of the fifth abdominal segment. Integument of bosses with
complex sculpturing, including ridges clearly limiting the bosses. Tenent hairs
acuminate. Unguis with prominent inner tooth. Clypeal boss with 6, antennofron-
tal with 7, and ocular bosses with 2 + 2 setae. Dorsal trunk chaetotaxy given in
Table 7. Ventral abdominal chaetotaxy given in Table 7. Second abdominal seg-
ment lacking median ventral setae. Lateral ventral setae of the fourth abdominal
segment not in a straight line. Large setae curved and heavily serrate. Maximum
length (in nearctic specimens) 3.0 mm.

Remarks: The single Hawaiian specimen agrees well with those from the main-
land United States except for minor differences in the antenna.

Record: Oahu: 4786.

Family ONYCHIURIDAE

This family is characterized by the presence of pseudocelli (which are sometimes
hard to see) on the head and trunk and by the distinctive and usually complex sense
organ of the third antennal segment. Eyes are always absent; the Hawaiian species



L

K

Plate 37— Neanura (Morulodes) setosa: A, dorsum of fourth and apex of third antennal segments (4786, Oahu); B,
ventral surface, fourth antennal segment (same); C, mandible (same); D, maxilla (same); E, eyes (same); F, dorsal
chaetotaxy, right side (after Christiansen and Bellinger); G, median ventral cephalic setae, right side (4786, Oahu);
H, ventral abdominal chaetotaxy, third and fourth segments (same); I, ventral abdominal chaetotaxy, fifth and sixth
segments (same); J, hind foot complex (same); K, ventral tube (same); L, male genital plate (same); M, enlarged

posterior seta (same).
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lack pigment and have no trace of a furcula. Body form and mouthpart structure
are in general as in Hypogastrurinae; the most similar of the latter (Willemia) differ
in having the postantennal organ tubercles in a circle instead of in two parallel
lines.

KEyY To HAwAI1IAN GENERA OF ONYCHIURIDAE

1. Apical sense organ of third antennal segment with sense clubs concealed behind
4-5 granulate integumental papillae (Fig. 30A)................... Onychiurus

Apical sense organ of third antennal segment without concealing papillae; sense
clubs exposed and bent toward each other (Fig. 30B). ....................... 2

30A
2(1). Postantennal organ with more than 20 lobes (Fig. 31A)................. Tullbergia
Postantennal organ of 6-8 lobes (Fig. 31B). .. ....................... Prabhergia

Ay @
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Genus ONYCHIURUS Gervais, 1841
Type species: Podura ambulans Linnaeus, 1758

This genus includes all Hawaiian Collembola lacking eyes and furcula and with
pseudocelli and multipapillate sense organs on the third antennal segment. For a
more complete account of this large, primarily holarctic genus, see The Collembola of
North America. There are four Hawaiian species of Onychiurus, one local, the others
widespread: cryptopygus, encarpatus, folsomi, and petaloides.

Key To HAwanan Species oF ONYCHIURUS

1. Lobes of postantennal organ simple (Fig. 32A). ...............ccoiiieen... 2
Lobes of postantennal organ complex (Fig. 32B)......................... folsomi
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Table 9. Characteristics of Hawaiian Species of Onychiurus s.1.

PSEUDOGELLI™®
DORSAL VENTRAL
POSTANTENNAL
HEAD THORAX ABDOMEN ABDOMEN ORGAN

SPECIES ANT. POST. R I o om vV HEAD THORAX nomovov LOBES TYPES
cryptopygus 3 2+ 1-2 3 3 3 3 2-33-4 3 1 - 1 - - - 10-12  simple
encarpatus 3 2+2 2 3 32 3 3 45 3 2-3 1-2 - 1 0-10-1 1 20-26  simple
folsomi 3 2+ 1 2 2 3 3 3 3 2-3 + 1 0-1 1 1 10-16 compound
petaloides 3 2+1 1-2 3 3 3 3 3 4 30 1 - r - - - 18-22  simple

*Parentheses indicate exceptional conditions.



94 INSECTS OF HAWAII VOL. 15

2(1). With anal spines (Fig. 33A). . ... i 3

Without anal spines (Fig. 33B)..................... ..o, cryptopygus
33A 33B

3(2). Unguiculus less than % aslong asinnerunguis. .. . .................... petaloides

Unguiculus more than ': aslong as innerunguis. .. ................... encarpatus

Subgenus ONYCHIURUS s.str.

In the typical subgenus the tubercles of the postantennal organ are compound.
There is a single species in Hawaii.

Onychiurus (Onychiurus) folsomi (Schiffer, 1900) (Plate 38)
Jahresh. Ver. Vaterl. Naturk. Wuerttemb. 56:249 (Aphorura). —Christiansen and
Bellinger, 1980.

Color white. Body elongate elliptical to oval. Fourth antennal segment without
apical bulb or clearly differentiated blunt setae; subapical sense peg short and
slightly expanded, in a shallow pit. Apical organ of third antennal segment with 5
guard setae, 4 papillae, 2 similar flattened paddlelike sense clubs, and 2 sense rods.
Tenent hair acuminate, 0.8-1.0 times length of inner edge of unguis. Unguis
untoothed or with 2 small inner teeth. Unguiculus slender, gradually tapered and
slightly shorter to slightly longer than inner edge of unguis. Ventral tube with 6 +

Kauai

Hawaii

Maui Midway 1




Plate 38— Onychiurus (Onychiurus) folsomi: A, habitus (6845, Hawaii); B, dorsum, fourth antennal segment (same);
C, apical organ, third antennal segment (same); D, ventral surface, second antennal segment (same); E, antenna
base and postantennal organ, right side (same); F, chaetotaxy, first two thoracic tergites (dotted lines separate the
medial, paramedial, and lateral sections of segments) (5198, Kauai); G, chaetotaxy, right side, second through sixth
abdominal segments (6845, Hawaii); H, ventral second abdominal segment chaetotaxy, left side, male (midline dot-
ted line) (5127, Hawaii); I, ventral chaetotaxy, male second abdominal segment (5677, Hawaii); J, differentiated
male second abdominal segment ventral setae (4932, Hawaii); K, hind foot complex (6845, Hawaii); L, ventral
tube seen from side (6845, Hawaii).
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6 or 7 + 7 setae. Anal spines absent. Dorsal integument more or less uniformly
granulate except for antennal bases, with granules 2.5-3.0 um in diameter; anten-
nal base granules smaller and irregularly run together. Male ventral organ on pos-
terior margin of second abdominal segment consisting of 4 equally spaced differen-
tiated setae, which vary greatly in form (see Snider 1977). Maximum length
2.2 mm.

Remarks: This is the most common Onychiurus found in the Hawaiian Islands. It
is quite variable, but the variation shows no obvious spatial or ecological pattern.
In an attempt to analyze the variation in chaetotaxy, we counted setae as follows
(rare conditions in parentheses): ventral setae on the second abdominal segment,
(15)16-18(20); dorsal setae of the first thoracic segment (8)9-10(11); and of the sec-
ond thoracic segment, medial, 8; paramedial (10)11-12(13); and lateral (5)6-7(8)
setae (P1. 38F). One series of specimens from Kipuka Puu Hulululu differs from all
others in several respects, including the presence of only two differentiated setae in
the male ventral organ; however, the small size of the sample, which includes only
one male, makes it impossible to determine whether it represents a different taxon
or merely a part of the intraspecific variation.

Ecology: Found up to 4000 ft. in wooded or brushy areas; generally in litter, soil,
or under rocks or bark in damp situations. Its absence from Molokai and Oahu is
noteworthy.

Records: Hawaii: 4726, 4727, 4854, 4860, 4861, 4926, 4929, 4930, 4931, 4932,
4934, 4935, 4936, 4937, 4938, 5068, 5116, 5119, 5120, 5127, 5128, 5130, 5138,
5144, 5147, 5148, 5150, 5151, 5153, 5156, 5158, 5266, 5273, 5274, 5275, 5276,
5330, 5336, 5355, 5365, 5371, 5372, 5375, 5411, 5412, 5423, 5469, 5489, 5671,
5673, 5675, 5677, 5678, 5681, 5684, 5688, 5693, 5702, 6391, 6532, 6840, 6845,
6896. Maui: 5159, 5161, 5166, 5175, 5176, 5189, 6677, 6678, 6680. Kauai: 5190,
5192, 5193, 5198, 5201, 5206, 5211, 5262, 5277, 5285. Midway: 5311.

Subgenus PROTAPHORURA Absolon, 1901
Type species: Lipura armata Tullberg, 1869

In this subgenus the tubercles of the postantennal organ are simple. Three
Hawaiian species are placed here.

Onychiurus (Protaphorura) cryptopygus Denis, 1931 (Plate 39)
Boll. Lab. Zool. Gen. Agric. Portici 25:101.—Denis, 1933.—Thibaud and Mas-
soud, 1980.

Color white. Body elongate elliptical. Fourth antennal segment without clear
blunt setae or apical bulb; subapical sense peg near apex, in a well-developed pit,
usually peglike with a slightly expanded apex, but occasionally with spherical apex;
sometimes not visible. Apical organ of third antennal segment with 4 guard setae
and 4 irregular papillae; sense clubs in the form of 2 small irregular pegs. Tenent
hair acuminate, 0.75-0.80 times length of inner edge of unguis. Unguis



Plate 39—Onychiurus (Protaphorura) cryptopygus: A, habitus (6773, Oahu); B, fourth antennal segment (5163,
Maui); C, apical organ of third antennal segment (6698, Lanai); D, venter of second antennal segment (6773,
Oahu); E, postantennal organ (5009, Hawaii); F, chaetotaxy, dorsum of head and first thoracic segment (5163,
Maui); G, same, second thoracic segment; H, dorsal chaetotaxy, fourth through sixth abdominal segments (same);
1, ventral chaetotaxy, right side, second and third abdominal segments (6698, Lanai); J, hind foot complex (5009,
Hawaii); K, ventral tube (6773, Oahu).
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untoothed. Unguiculus basally swollen, slightly less than ' length of inner edge of
unguis. Ventral tube with 6 + 6 setae. Furcula and anal spines absent. Integument

uniformly granulate; largest granules about 0.8 ym in diameter. Longest abdomi-
nal seta 0.28-0.34 mm. Maximum length 0.6 mm.

Kauai

Oahu

Remarks: The Hawaiian specimens do not have as abruptly declivous an abdo-
men end as described by Denis, and the longest body setae are somewhat shorter
than shown in his figures. In other respects they agree very well. The small size
and poor preservation make it difficult to identify pseudocelli, and the latter may
vary somewhat, but when they are clearly visible the formula agrees entirely with
Denis’s description. Only females were seen; this species is probably partheno-
genetic, like O. encarpatus. The apical organ of the third antennal segment agrees
well with that figured by Thibaud and Massoud (1980) except for the inner rods,
which are longer in the Hawaiian material.

Ecology: Mostly in moist disturbed areas in lowland, in litter, soil, rotten wood,
low vegetation, and under bark, stones, and debris. Two records from high eleva-
tions.

Records: Hawaii: 4724, 4871, 5009, 5111, 5307, 5644. Maui: 5163. Lanai:
6698. Oahu: 4773, 4774, 4807, 4819, 4820, 4832, 6754, 6773, 6774. Kauai: 4730,
4737, 4744, 5204, 5209, 6719, 6728.

Onychiurus (Protaphorura) encarpatus Denis, 1931 (Plate 40)
Boll. Lab. Zool. Gen. Agric. Portici 25:102.—Denis, 1933.—Christiansen and
Bellinger, 1980.

Color dull white to yellow. Body elongate oval. Fourth antennal segment with-
out apical bulb or clearly differentiated blunt setae; subapical sense peg small and
rodlike, in a deep pit near apex. Apical organ of third antennal segment with 5
guard setae and 5 papillae; sense clubs bilobed, flanged, and crenulate. Tenent
hair acuminate, about 0.8 length of inner edge of unguis. Unguis untoothed.



Plate 40—Onychiurus (Protaphorura) encarpatus: A, habitus (6825, Hawaii); B, apical portion, dorsum, fourth anten-
nal segment (same); C, apical organ, third antennal segment (after Christiansen and Bellinger); D, same (6825,
Hawaii); E, variations in sense club structure from different Hawaiian specimens; F, ventral chaetotaxy, second
antennal segment (6825, Hawaii); G, postantennal organ and antennal base (same); H, dorsal chaetotaxy, left side,
first two thoracic segments (same); I, posterior dorsal abdominal chaetotaxy (5280, Kauai); J, hind foot complex
(same); K, ventral tube seen from below (5280, Kauai).
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Unguiculus gradually narrowed, acuminate, and 0.75-0.9 as long as inner edge of
unguis. Ventral tube with 6 + 6 setac. Furcula absent. Anal spines basally
expanded and weakly curved, 0.8-1.1 times length of inner edge of unguis. Integu-
ment more or less uniformly granulate; granules 0.8-1.5 pm in diameter. Short
daggerlike seta between second and third pseudocelli on posterior margin of fifth
abdominal segment. Longest posterior setaec about 4.5-5.5 ym in length. Maxi-
mum length 1.7 mm.

Hawaii

Kauai 2
Molokai 1

Oahu 1

Lanai1

Pearl and Hermes Reef 2

Remarks: The Hawaiian specimens agree quite well with descriptions and
nearctic specimens. One specimen from Kauai has a spherical subapical antennal
sense peg and may represent a different form. The third antennal segment sense
clubs vary considerably in both Hawaiian and North American material. The sin-
gle specimen from Lanai lacks the short daggerlike seta of the other specimens. No
males of this species have been found in Hawaii or elsewhere.

Ecology: Found in litter and soil, or rarely under rocks or on low vegetation, at
middle or lower altitudes in nonarid regions.

Records: Hawaii: 4724, 4863, 4867, 4877, 4904, 4932, 5328, 5329, 5667, 6825,
6876, 6913. Molokai: 5716. Lanai: 6701. Oahu: 4781. Kauai: 5280, 5288. Pearl
and Hermes Reef: 4911, 4912.

Onychiurus (Protaphorura) petaloides Rusek, 1981 (Plate 41)
Vestn. Cesk. Spol. Zool. 45:63.

Color white. Body fusiform. Fourth antennal segment without apical bulb or
blunt setae; ‘“‘subapical” sense peg actually in a deep apical pit and apically
expanded. Apical organ of third antennal segment with 5 papillae and 5 guard
setae; sense clubs in the form of curved, flanged pegs. Longest apical tibiotarsal
seta dorsolateral, acuminate, and 0.8-0.9 times length of inner edge of unguis.
Unguis untoothed; unguiculus basally expanded and slightly less than % length of
inner edge of unguis. Ventral tube with 6 + 6 setae. Furcula absent. Anal spines



Plate 41— Onychiurus (Protaphorura) petaloides (all figures of specimens from Oahu): A, habitus (4786); B, dorsum,
fourth antennal segment and apical organ of third (4787); C, venter of second antennal segment (6744); D, postan-
tennal organ and antennal base (4787); E, dorsal chaetotaxy, first and second thoracic segments, right side, dotted
pseudocellus absent in some specimens (4787); F, dorsal chaetotaxy, third through sixth abdominal segments, right
side (6744); G, chaetotaxy, venter of second and third abdominal segments (6744); H, hind foot (4787); I, fore foot
complex (same); J, ventral tube seen from side (6744); K, detail, posterior margin, dorsum, fifth abdominal seg-
ment (6744).
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curved, gradually tapered, and slightly longer than inner edge of hind unguis. Sec-
ond and third thoracic segments and first and second abdominal segments each
with a pair of flattened, leaflike setae; fifth abdominal segment with 2 + 2 such
setae. Maximum length 0.8 mm.

Oahu

Remarks: The short unguiculus distinguishes this species from almost all Ony-
chiurus species, and the expanded setae of the trunk segments are also unusual. Our
specimens agree perfectly with the descriptions and figures of Onychiurus petaloides
Rusek, 1981 from Iraq. In a few specimens it is possible that there are four papillae
in the apical organ of the third antennal segment.

Ecology: Found in soil in grasslands and woods.

Records: Oahu: 4786, 4787, 6744, 6762.

Genus TULLBERGIA Lubbock, 1876
Type species: T. antarctica Lubbock, 1876

This genus includes the Hawaiian onychiurids with small, slender bodies; sim-
ple antennal sense organs; and postantennal organ of many simple lobes. The
sense organs of the third antennal segment are very similar in all Hawaiian species,
consisting of two thick reniform rods curved toward each other, and two shorter
inner pegs. The unguiculus is minute.

Tullbergia antarctica and its close relatives in the Southern Hemisphere appear to
differ in some respects from most Northern Hemisphere species (e.g., in having
the antennal sense organ fully exposed). Northern Hemisphere species with typical
antennal sense organs and postantennal organ and with two anal spines may be
placed in the subgenus Mesaphorura (type species: M. krausbauer: Bérner, 1901d).
Groups of species may be recognized within Mesaphorura, such as the krausbauer:
complex, with crescentic ridges on the dorsum of the sixth abdominal segment, and
the collis complex, with more than two complete rows of postantennal organ tuber-
cles, which includes 7. silvicola. We do not believe it is necessary or useful to sepa-
rate these groups into formally defined genera or subgenera.

There are four species of Tullbergia recorded from Hawaii: macrochaeta, ruseki,
stlvicola, and yosiii. The first and last are common, the others extremely rare.



Table 10. Characteristics of Hawaiian Species of Tullbergia and Prabhergia

POSTANTENNAL PSEUDOCELLI
ORGAN SETAE
THORAX ABDOMEN
NO. NO. HEAD ABD.IV ABD.V
GENUS SPECIES ROWS TUBERCLES I oo I oom vV VI p/p: PP ay/a,
Prabhergia nayarii 2 6-7 0 1 1 1 1 1 1 1 O > > >
Tullbergia macrochaeta 2 34-50 0o 1 1 1 0 0 1 1 0 > > =>
rusek: 2 28-36 0o 1 1 1 0 0 1 1 0 = > =
stlvicola 3-4 42-52 0 1 1 1 1 1 1 1 O > > =
yosit 2 36-40 0 1 1 1 0 0 1 1 O = << =

NoTE: no males have been seen in any of the Hawaiian material. Males have been reported in Scandinavian 7. macrochaeta, but not in any of
the other species.
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KEy To HAwAIIAN SPECIES OF TULLBERGIA

1. Postantennal organ with 3 or more rows of tubercles at lateral end (Fig. 34A). . . ..

34A 34B
2(1). Fifth abdominal segment with 4 setae between anterior macrochaetae (Fig. 35A)
Fifh abedorninalsegmont with 6 seta betwean anterior macrochacias (Fig. 358). - 3

3(2). Fourth abdominal segment with short posterior setae nearest midline (Fig. 36A)
................................................................ yosiii

Fourth abdominal segment with long posterior setae nearest midline (Fig. 36B)
macrochaeta

Tullbergia macrochaeta Rusek, 1976 (Plate 42)
Can. J. Zool. 54:33 (Mesaphorura). —Christiansen and Bellinger, 1980.

Color white. Fourth antennal segment with minute apical bulb, clearly narrower
than thickest blunt seta; 4 blunt setae, the thickest about twice the diameter of the
thinnest; and 1 clearly differentiated short conical seta. Postantennal organ quite
straight, with 2 rows of tubercles. All tibiotarsal setae acuminate and subequal in
length. Unguis untoothed; unguiculus about % as long as inner edge of unguis.
Ventral tube with 6 + 6 setae. Anal spines weakly curved, 1.25-1.35 times length



Plate 42— Tullbergia macrochaeta: A, habitus (6775, Oahu); B, dorsum, fourth antennal segment (6844, Hawaii);
C, apical organ of third antennal segment (6775, Oahu); D, postantennal organ and neighboring pseudocellus (after
Christiansen and Bellinger); E, dorsal cephalic chaetotaxy, left side (6844, Hawaii); F, dorsal chaetotaxy, second
thoracic segment, left side (6825, Hawaii); G, same, last three abdominal segments; H, ventral chaetotaxy, first
three abdominal segments, right side (6844, Hawaii); I, ventral abdominal chaetotaxy, sixth segment (4816, Oahu);
J, same (5261, Maui); K, hind foot complex (6775, Oahu); L, ventral tube seen from side (same).
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of inner edge of unguis. Pseudocelli stellate, with margins sometimes difficult to
differentiate from surrounding granulation. Dorsum of sixth abdominal segment
more coarsely granulate than other tergites, with granules about 0.9 ym in diame-
ter, and with a pair of crescentic ridges just behind the pseudocelli of the fifth
abdominal segment; a short, blunt sensory seta projects over each of these pseudo-
celli. Second and third thoracic segments with lateral sensilla (s of Rusek) slender,
apically slightly blunted, and much longer than as and ms; lateral sensory rod (s’ of
Rusek) short and peglike. All other body setae slender and acuminate. Maximum
length 0.8 mm.

Hawaii

Oahu Maui 1

Remarks: The specimens from Hawaii agree well with nearctic material except
that cephalic p: is generally slightly longer than p: and fifth abdominal setae a and
a; are subequal. All specimens from Oahu and Hawaii have seta 1. present on the
anal valves; specimens from Maui lack this, and in this respect are similar to 7
krausbaueri Borner, 1901. Members of this complex (including also, in Hawaii, T
ruseki and T. yosiii) differ only in minor details of chaetotaxy. The genetic basis of
these differences and the best taxonomic treatment of these forms remain in doubt.

Records: Hawaii: 4857, 4861, 4865, 4914, 6825, 6828, 6844, 6872, 6892, 6897.
Maui: 5261. Oahu: 4771, 4794, 4795, 4799, 4816, 6774, 6775.

Tullbergia ruseki Christiansen and Bellinger, 1980 (Plate 43)
The Collembola of North America: 507.

Color white. Fourth antennal segment with obscure apical bulb, clearly nar-
rower than thickest blunt seta, which is about twice as thick as the other 3 and more
abruptly blunt. Po