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ABSTRACT
A taxonomic treatment of Hawaiian psyllids belonging to

the genera Cerotrioza, Crawforda, Hemischizocranium,

Kuwayama, Megatrioza, Swezeyana and Trioza is presented.

Descriptions and keys to the adults and immatures of the

known species, Cerotrioza bivittata Crawford, Crawforda

triopsyliina Caldwell, Hemischizocranium aloha (Caldwell),

Hemischizocranium bessi Tuthill, Swezevana elongagena

Caldwell, Swezeyana reticulata Caldwell and Trioza uniqua

(Caldwell); and to the new species Cerotrioza kauaiensis n.

sp., Cerotrioza molokaiensis n. sp., Cerotrioza lanaiensis

n. sp., Cerotrioza hawaiiensis n. sp., Kuwayama ventralis n.

sp., Kuwayama oahuensis n. sp., Kuwayama lanaiensis n. sp.,

Megatrioza zanthoxyli n. sp. and Swezeyana oahuensis n. sp.

are given. The species of the Hawaiian psyllids are
hypothesized to have speciated allopatrically. The founder
principle is invoked to provide a model which may explain
the speciation of psyllids on islands. Trioza has been
hypothesized to be the ancestral group for the Hawaiian

Psyllidae because its host, Metrosideros was most likely the

first of the psyllid hosts to colonize the Hawaiian Islands,
and because Trioza was widespread throughout the world and
Pacific region. Based on morphological similarity, Trioza

hawaiiensis Crawford and Trioza sp. A are allied to

Crawforda; Trioza ohiacola Crawford, Trioza lehua Crawford

and Trioza pullata Crawford are allied to Kuwayama and




Swezeyana; and Trioza sp. B, Trioza sp. C and Trioza sp. D

appear to be related to Cerotrioza, Hemischizocranium,

Megatrioza and Trioza uniqua. Cladistic analysis was not

possible due to the absence of synapomorphic characters at

the species and generic levels.
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INTRODUCTION

The family Psyllidae (Homoptera) is made up of eight
subfamilies: Aphalarinae, Carsidarinae, Ciriacreminae,
Liviinae, Pauropsyllinae, Psyllinae, Spondyliaspinae and
Triozinae (Crawford 1914; Hodkinson & White 1979). The
psyllids are world-wide in distribution and annotated
checklists have been produced for psyllids of the
Neotropical (Hodkinson and White 1981), Oriental (Hodkinson
1986), Palearctic (Klimaszewski 1973) Austro-Oriental,
Pacific and Hawaiian (Hodkinson 1983) zoogeographic realms.
Hodkinson (1984) reported that the world psyllid fauna is
made up of approximately 2000 species.

The Psyllidae are small insects, about 2-5 mm in
length, and resemble miniature cicadas. The adults are
winged, possess ten-segmented antennae, a short, three-
segnented beak, and have hind legs specialized for jumping
(Borror et al. 1976).

Psyllids are relatively host specific and species are
usually confined to a single genus of plant (Hodkinson
1974). However, two agricultural pests, Paratrioza

cockerelli (Sulc) and Trioza nigricornis Foerst., have wide

host ranges (Eyer and Crawford 1933). Most of the psyllids
are restricted to perennial Dicotyledons (Eastop 1972),
although the species of the subfamily Liviinae and the

Megatrioza palmicola Crawford group feed on Juncus
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(Juncaceae) and Carex (Cyperaceae), and Pritchardia (Palmae)

respectively, which are Monocotyledons (Hodkinson 1984;

Uchida and Beardsley 1988).

Psyllids have an egg stage, five nymphal instars and an
adult stage. The eggs of psyllids possess a basal pedicel
which is inserted into plant tissue such as leaves, buds and
axils of leaves (Hodkinson 1974). Water, which is essential
to the survival of the egg, is provided by the host plant
through the pedicel (White 1968).

Psyllids can be classified as either gall formers or
free-living. Psyllid galls take the form of simple pits,
rolled leaves or an enclosed chamber (Hodkinson 1974). The
shape and site of the galls are specific to a species of
psyllid (Hodkinson 1984; Nishida et al. 1980). The kinds of
galls formed are leaf galls, bud galls, stem galls, flower
galls, rosette galls and root galls (Hodkinson 1984).

The Hawaiian Archipelago is situated 4000 km from the
nearest continental land mass and 970 km from the nearest
island, Johnston Island (Zimmerman 1948a). The Hawaiian
archipelago extends in a northwest to a southeast direction
for 1600 mi (Stearns 1985). The islands to the northwest
are older low islands some of which are reduced to small
atolls, reefs and shoals formed on the tops of eroded
volcanic islands, with Kure being the most northwestern
atoll. To the southeast of Kure, just beyond French Frigate

Shoals are the low volcanic islands of Necker and Nihoa, and




still further southeast are the 8 younger high islands of
Niihau, Kauai, Oahu, Molckai, Maui, Lanai, Kahoolawe and
Hawaii.

The Psyllidae native to the Hawaiian Islands belong to
the subfamily Triozinae (Zimmerman 1948b) with one possible
exception. The subfamily Pauropsyllinae is represented by a
single specimen, which was assigned to the genus

Paurocephala Crawford (1927b), but whether it is native has

not been determined (Zimmerman 1948Db).
The Hawaiian psyllid fauna has 35 described endemic
species which have been assigned by previous authors to nine

genera (Cerotrioza, Crawforda, Hevaheva, Hemischizocranium,

Kuwayama, Megatrioza, Paurotriozana, Swezeyana and Trioza)

(Tuthill 1956; Uchida and Beardsley 1988; Zimmerman 1948b).

All of the genera except Megatrioza, Kuwayama and Triogza are

endemic to the Hawaiian Islands. Megatrioza is considered
to be a polyphyletic genus of about 36 species and is
distributed throughout the eastern Palearctic, Indomalayan,
Australian and Oceanic realms (Uchida and Beardsley 1988).
The genus Trioza is nearly cosmopolitan (Zimmerman 1948b) in
distribution. Kuwayama is a small genus with the type

species, Kuwayama medicaginis Crawford, 191la described from

Colorado, and with representatives in North America, Mexico,
Peru and India (Caldwell 1944; Crawford 191la, 1911b, 1912,

1914; Tuthill 1943, 1945, 1959; Van Duzee 1924).



4
Crawford (1918) hypothesized that the Hawaiian psyllid
fauna was derived from three ancestral species: Trioza,

Megatrioza palmicola Crawford and Cerotrioza bivittata

Caldwell. Crawford (1918) considered the ancestral Hawaiian
species of Trioza to be a gall-forming species which gave
rise to nearly all the known Hawaiian psyllid species. He
postulated that this ancestral form closely resembled the
gall-forming species of Trioza known from the Malay
Archipelago, despite some morphological differences in the
head, tibial armature and wings. Crawford (1918) speculated

that after Metrosideros, which is distributed throughout the

South Pacific islands, became established in the Hawaiian
Islands, it served as a host for this gall-forming psyllid.
The decendents of this ancestor either retained the gall-
forming habit or became free-living, and some eventually
adapted to other genera of host plants. He believed that a
separate introduction resulted in the development of

Megatrioza palmicola Crawford. The genera Hevaheva and

Kuwayama appear to be derived from Trioza (Crawford 1918).
Although Kuwayama is known in other parts of the world, the
species classified as Kuwayama in Hawaii are considered to
represent a parallel evolutionary development by Crawford
(1924). Kuwayama therefore is a polyphyletic genus as it is
presently constituted. Crawford (1920) considered
Cerotrioza as derived from Leuronota, another genus with

wide geographical distribution.



Zimmerman's (1948b) view on the evolutionary
relationships of the Hawaiian Psyllidae differed somewhat
from Crawford's (1918) view. Like Crawford, he speculated
that the entire native psyllid fauna was derived from a few
ancestral species, and that the bulk of the species were
derived from an ancestor of the nearly cosmopolitan genus
Trioza. Zimmerman concurred with Crawford (1924) that the
Hawaiian species of Kuwayama developed in Hawaii
independently, and have evolutionary affinities with the
Hawaiian Trioza. As for the other genera, Zimmerman allied
Trioza with Swezevana, considered Hevaheva and Crawforda as
derived from Trioza, and suggested that Hevaheva gave rise

to Paurotriozana. He believed that Cerotrioza was a

derivative of the genus Leuronota, as did Crawford. The

origin of the Hawaiian species, Megatrioza palmicola

Crawford was considered unclear, although Zimmerman believed
that it might be an offshoot of the local Trioza.
Uchida and Beardsley (1988) determined that the species

that had been previously referred to as Megatrioza palmicola

Crawford, is actually a group of sibling or cryptic species,
representatives of which occur on all the major islands. In
their study, morphological differences in immature as well
as adult stages were used to separate four species.
Apparently, these species diverged through allopatric
speciation. The islands of Kauai, Oahu, Molokai and Maui

were each colonized by a founder. Populations on each of



the geographically isolated islands evolved as monoisland
endemics. As suggested by Mayr (1963), geographical (or
allopatric) speciation is the most common type of
speciation. In order for a new species to develop, a
population must be geographically isolated from its parental
population to prevent the exchange of genetic information
for a time sufficiently long enough to allow for genetically
induced reproductive isclation to occur.

A review of the Hawaiian psyllid literature published
before 1957 (Caldwell 1940; Crawford 1918, 1920a, 1925,
1927b, 1928a; Kirkaldy 1902; Tuthill 1956; Zimmermann 1948),
which was based primarily on the adult morphology, indicated
that the Hawaiian Psyllidae is a speciose group. This
conclusion is supported by the fact that there are many
undescribed species (Zimmerman 1948b). The known host

genera for endemic psyllids are Cryptocarya (Lauraceae),

Metrosideros spp. (Myrtaceae), Nothocestrum (Solanaceae),

Nesoluma (Sapotaceae), Pelea (Rutaceae), Pisonia

(Nyctaginaceae), Platydesma (Rutaceae), Planchonella

(=Pouteria) (Sapotaceae), Pritchardia (Aracaceae),

Tetraplasandra (Araliaceae), Xylosma (Flacourtiaceae) and

Zanthoxylum (Rutaceae).

The present study is a continuation of previous work on
the Hawaiian Psyllidae. Uchida and Beardsley (1988)
initiated this study with their work on Megatrioza, and

determined that the species that had been previously



referred to as Megatrioza palmicola Crawford is actually a

group of sibling or cryptic species, representatives of
which occur on most of the major islands. Although, the
adults stages could be differentiated by differences in body
markings and aedeagus shape, morphological differences were
also present in the immature stages. Differences in the
shape of the sectasetae and circumanal pore ring provided
good taxonomic characters at the species level.
Furthermore, Uchida and Beardsley (1988) provided a review
on the importance of taxonomic descriptions of the immature
stages. By continuing to study the Hawaiian Psyllidae, more
taxonomic information can be obtained which can used to
establish evolutionary relationships within this group.
Extensive collections of psyllids have been made from
all of the known hosts on all the inhabited Hawaiian
Islands. However, for many of the taxa, all of the immature
stages and both sexes of adults were not collected, and
these were not taxonomically treated in this study. Many
species of Hevaheva were collected, but in many instances,
the presence of two species of immatures and one species of
adults on the leaves of Pelea made it difficult to determine
which species of immatures belonged with the adults,
especially when the adults were not readily reared from the
immature stages. An interesting discovery (Beardsley, pers.
comm.) that is not treated here because of insufficient

material is an undescribed Megatrioza-like species collected



on Alectryon (Sapindaceae) from Oahu and Molokai islands,
which represents a previously unreported host plant for

Hawaiian Psyllidae.



MATERIALS AND METHODS

Field collections of the immature and adult stages of
psyllids were made mainly in the cloud zone (450 to 6000m
elevation) on the islands of Kauai, Oahu, Molokai, Maui
Lanai, and Hawaii (Fig. 1) from April 1984 to January 1990.
However, some collections were made as high as 1850m
elevation. Adults were collected with the aid of an
aspirator and stored in plastic vials. Leaves with
immatures were collected in the field and stored in plastic
bags until they could be examined in the laboratory with the
aid of a dissecting microscope for psyllid nymphs. Adults
were mounted on paper minuten points and the immatures were
cleared in potassium hydroxide (KOH), rinsed in distilled
water, dehydrated in an alcohol series (25, 50, 75, 95%) and
carboxylol (1:2), xylene and mounted onto glass slides with
Canada balsam. Male and female terminalia were cleared
using the procedure described for immature specimens and
stored in glycerol in plastic genitalia vials that were Xkept
with the pinned specimens. Cleared specimens were observed
with the aid of a phase contrast microscope. Drawings were
made with the aid of a camera lucida.

The species descriptions were constructed in a similar
manner to those published in Uchida and Beardsley (1988).
Detailed drawings of the immature stages are given for each

monotypic species or for one species in a species group and
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partial drawings are provided for most of the species in
genera with more than one species.

The holotype and allotype specimens will be deposited
in the insect collection of the B. P. Bishop Museum. All of
the paratype specimens are retained by the author.

The cladistic method chosen to create a hierarchial
classification of the Hawaiian Psyllidae is the Camin-Sokal
parsimony method (Camin and Sokal 1965). The characters
were classified according to distinct or discrete states
(e.g. shape). The character states were arranged into a
transformation series or hypothesis of evolutionary change
and polarized according to the plesiomorphic characters of
the outgroup. The unweighted, synapomorphic characters were
coded in binary form and incorporated into a data set table
with the corresponding character states defined as primitive
(0) or derived (1) for each taxon. All of the autapomorphic
characters; that is, characters which are derived but
unshared, were removed from the data set table. The
computer program, Phylogeny Inference Package (PHYLIP)
version 3.0 by Joseph Felsenstein, University of Washington,
was chosen to run the Camin-Sokal parsimony analysis. The A
(ancestor) option was used to define the position of the
root for the most parsimonious cladograms. The program was
compiled and executed on an IBM model 55SX with TURBO PASCAL

version 3.0 by Borland International, California.
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Ten morphological characters were used in this study to
treat 16 species (including 4 species of Megatrioza
described by Uchida and Beardsley in 1988) of Psyllidae
representing nine genera. Observations of the adult stage
of Hawaiian psyllids indicate that the different genera are
morphologically divergent, but the immature characters
indicate that the genera are more closely related. Thus,
based on this information, the immature characters which
follow were selected for the cladistic analysis.
1. Sectasetae. The shapes used are stout (plesiomorphic)
and elongate (apomorphic).
2. Sectasetae shape in cross section. The two shapes used
are circular (plesiomorphic) and elliptical (apomorphic).
3. Dorsal sectasetae. Absent (plesiomorphic) or present
(apomorphic) .
4. Dorsal sectasetae clavate in shape. Absent
(plesiomorphic) or present (apomorphic).
5. Dorsal sectasetae modified. Absent (plesiomorphic) and
present (apomorphic).
6. Circumanal pore ring. Absent (plesiomorphic) or
present (apomorphic).
7. Colliculate structures on margin of body. Present
(plesiomorphic) or absent (apomorphic).
8. Dorsal tubercle like structure. Absent (plesiomorphic)
or present (apomorphic).

The immature characters used are as follows:
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The admarginal sectasetae is considered as a very important
character since they have been used extensively to separate
the species within a complex. The dorsal sectasetae in the
nymphal instars I-V are believed to have evolved
independently of the admarginal sectasetae and these have
taken on shapes which no longer resemble the plesiomorphic
form, but are useful as generic characters.

Initially, an undescribed species of Trioza was used
for outgroup comparisons for the cladistic analysis.
However, since the use of one species is not representative

of the entire genus, Trioza hawaiiensis Crawford, Trioza sp.

A, Trioza ohiacola Crawford, Trioza lehua Crawford, Trioza

pullata Crawford, Trioza sp. B, Trioza sp. C and Trioza sp.

D were included in the analysis.



RESULTS

Generic Key to the Adults of the Hawaiian Triozinae.

1. Anterior wings without pterostigma . . . . .2
- Anterior wings with pterostigma

c « o & s a4 s s e s e e« + s+ « « Crawforda Caldwell
2(1). Vertex with a pair of anteriorly

directed horn-like protuberances

e &+ « « & + + s+ e« e« o « & « « o« Cerotrioza Crawford
- Not as above . . . . . . . .+ . .+ < o . . . .3
3(2). Anterior wings with distinct radius. . . . .4
- Anterior wings with radius indistinct

or absent . . . . . . . . . . . .Swezeyana Caldwell
4(3) Veins of anterior wings with prominent,

erect, bristle like setae . . . . . . . . . 5
- Not as above. . . . . . ¢« v ¢ v ¢ « o« + o . 6
5(4). Vertex somewhat quadrate, incompletely

divided by medial sulcus; genal cones

stout, blunt ended . . . .Hemischizocranium Tuthill

- Vertex somewhat rectangular, completely

divided by medial sulcus; genal cones

13



6(4).

7(6) .

8(7).
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acute . . . . . . . . . < . . . . Hevaheva Kirkaldy

Anterior wing with radular spinules
adjacent costa in cells m;, m,, cu; . . « . . . . 7

Anterior wing lacking radular spinules

6« « + « 4 « + « « o« « + s s s+ . .Hevaheva Kirkaldy

Tibiae lacking basal spur. . . . « + « « « « « . .8
Tibiae with basal spur. . . . . Megatrioza Crawford
Genal cones present. . . . . . . . .Trioza Foerster
Genal cones absent . . . . . . . .Kuwayama Crawford

Generic Key te the Immature Stages of Some Hawaiian

Psyllidae.

2(1).

Majority of admarginal sectasetae stout,
dorsoventrally compressed . . . « ¢ + 4 « o o o o 22
Majority of admarginal sectasetae slender,

circular in cross section . . . . « v ¢ ¢ v . . . .7

Proximal portion of admarginal
sectasetae with lateral wing like

developments (Figs. 42-46) (in part)

. .Trioza Foerster

Not as above. . ¢ ¢ ¢ ¢ ¢t ¢ ¢« t o o o o o o o« o « &3



3(1).

4(3).

5(4)

6(5).

15

First instar with sectasetae taller

than wide; abdominal segments separated
submarginally by short suture (Fig. 14);
second to fifth instars with first two
abdominal segments with ventral submedial
patch composed of many small, appressed,
blunt ended spines with broad apex bearing
2 or more smaller spines (Figs. 15-18)

Hemischizocranium Tuthill

Not as above. . .« . ¢ ¢ ¢ ¢ ¢ v v e o« o o o« « o« . 4

Second to fifth instars with modified
sectasetae broadly spathulate (Figs. 40,
F, I, L, 0); clavate modified sectasetae
with enlarged base may be present on dorsum
(Figs. 40, I, L, O)
+ + « « « « « = « (in part) Swezeyana Caldwell

Not as above . . .¢ & & & ¢« 4t ¢ ¢ 4 o o o o« o« « « o5

Sectasetae with proximal portion

broadly arcuate (Fig. 8). . . . Cerotrioza Crawford
Not as above. . . . . . . . ¢ ¢ ¢ v 4 ¢ « « + « . 6

Admarginal sectasetae with distal portion
about 1/3 entire length or less (Fig. 28)

« « « « « « « « (in part) Kuwayvama Crawford
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- Admarginal sectasetae with distal portion
about 1/2 entire length or greater (Fig. 33;
Uchida & Beardsley 1988, Figs. 13-20)

&« e o o 2+ s + « « + .« (in part) Megatrioza Crawford

7(1). First and second instars with dorsal
sectasetae present (Figs. 9-10);
Second to fifth instars with wing pads
separated from thorax by distinct

suture. . . . . . .+ <+ + . . . Crawforda Caldwell

- Not as above. . . . . . ¢ ¢ ¢« ¢ ¢ ¢ « & + +« . . . 8

8(7). Admarginal sectasetae linear to lanceolate
(Figs. 40, A, B, D, G, J, M); dorsal
sectasetae setaceous (Figs. 40, B-0), dorsal
modified sectasetae clavate (Figs. 40, A, D-0)

or marginal sectasetae setaceous (Fig. 40, C)

&« =« + « « « « « « .(in part) Swezeyana Caldwell
- Not as above. . . ¢ . ¢ + ¢« v ¢ 4 v ¢« &« 4 « + « . 6

Cerotrioza Crawford.

Cerotrioza Crawford 1918, Proc. Hawaii. Entomol. Soc. 3:354.

Cerotrioza, Crawford 1920a (redescription), Proc. Hawaii.
Entomol. Soc. 4:374-375.

Diagnosis. Vertex with a pair of anteriorly directed horn

like protuberances.
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Crawford (1918) described the Hawaiian species

Cerotrioza bivittata and established the genus Cerotrioza.

He also referred two undescribed South Pacific species to
the genus, but he did not consider either of these species
as ancestors of C. bivittata. Crawford (1919) described

these two species as Cerotrioza corniger Crawford and

Cerotrioza microceras Crawford. Crawford (1920a)

redescribed Cerotrioza to distinguish it from a closely
related new genus, Leuronota Crawford, transferred C.
corniger and C. microceras to the latter genus, and

described a second Hawaiian species, Cerotrioza bridwelli.

Cerotrioza is an endemic Hawaiian genus, and the presence of
a pair of horn like epiphyses near the anterior margin of
the vertex is unique to this genus (Zimmerman 1948b).
Species keys to the adult and immature stages of
Cerotrioza, with descriptions of the new species, Cerotrioza

kauaiensis, Cerotrioza molokaiensis, Cerotrioza lanaiensis,

and Cerotrioza hawaiiensis, are provided below. The five

recognized species of Cerotrioza in this study is referred

to as the Cerotrioza bivittata group.

Key to Adult Males of Cerotrioza'

1. Parameres somewhat slender, base

! The location of the holotype female of Cerotrioza bridwelli
was not specified by Crawford (1920) and is unknown. This
species apparently has not been recollected, and is
therefore omitted from the key.




not swollen. . . .« ¢« ¢ 4 ¢ ¢ ¢ ¢ ¢ o 4 e e e o o 2

- Parameres stout, base swollen. . . . . . . . . . . 4
2(1). Proctiger slender, maximum width 1/3 entire height
.3

- Proctiger stout, maximum width 1/2 entire height

(Fig. 2, A) <« «. =« «+ « +« « « « « .kauvaiensis n. sp.

3(2). Proctiger constricted at apical 1/3 of height;
parameres arched anteriorly (Fig. 2, B)
G« 4+ 4 « 4 4 e« s & 4 « + « « o+ . .pivittata Crawford
- Proctiger constricted near apex; parameres

arched posteriorly with apex bent upward

(Fig. 2, ¢&). . . + ¢« « « « . . .molokaiensis n. sp.
4(1l). Proctiger base expanded anteriorly to acute point
(Fig. 2, b) . . ¢« . .+ « +« «. . . lanaiensis n. sp.

- Proctiger base not as above (Fig. 2, E)

hawaiiensis n. sp.

Key to the Immature Stages of Cerotrioza

FIRST INSTAR
Length 0.34-0.40; width 0.23-0.27.
1 Sectasetae with distal portion parallel sided . . 2

- Not as above (Figs. 8, I - C, D, E) . . . . . . .
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molokaiensis n. sp., lanaiensis n. sp., hawaiiensis

n. sp.
2(1). Sectasetae with apical margin arcuate (Fig. 8,

I ~B)e « ¢ « « « + o « « « « « o« bivittata Crawford
- Not as above (Fig. 8, I - A). . . .kauaiensis n. sp.

SECOND INSTAR

Length 0.48-~0.55; width 0.36-0.42.

1. Sectasetae spathulate (Figs. 8, II - D, E,)

« « « + +« « « .lanaiensis n. sp., hawaiiensis n. sp.
- Not as above. . . . . . + + & ¢ ¢ o o« o v . e . W2
2(1). Sectasetae with distal portion parallel sided . . .3
- Not as above (Fig. 8, II -~ C) . .molokaiensis n. sp.

3(2). Sectaseta with apical margin emarginate
(Fig. 8, II - A). . . . « « « . . .kauaiensis n. sp.
- Sectasetae with apical margin arcuate (Fig. 8,

IT - B) ¢« « « « &« « =« « « « « .+ . bivittata Crawford

THIRD INSTAR
Length 0.71-0.82; width 0.57-0.66;

1. Sectasetae spathulate (Figs. 8, III - D, E)

e « +« o« « « . Jlanaiensis n. sp., hawaiiensis n. sp.

- Not as above. ¢ v ¢ ¢ ¢ ¢ o« o o o o o o a 2 o« o+ o« 42



20
2(1). Sectaseta with apical margin emarginate
(Fig. 8, IIT - A). . . « . . . . . kauaiensis n. sp.

- Not as above (Figs. 8, III - B, C)

.bivittata Crawford, molokaiensis n. sp.

FOURTH INSTAR

Length 0.96-1.23; 0.57-0.66;

1. Sectasetae spathulate (Figs. 8, IV - D, E)
&« « « + « + « Jlanaiensis n. sp., hawaiiensis n. sp.
- Not as above. . . . . . ¢ ¢« ¢ ¢ ¢ ¢ « 4 v o v o . W2
2(1l). Sectaseta with apical margin emarginate
(Fig. 8, IV-A). . « . « « «. . . .kauaiensis n. sp.
- Not as above. . . . . . . + + ¢ &« ¢ ¢« « + + & « « .3

3(2). Sectasetae (Fig. 8, IV - B) on
cephaloprothorax, abdomen with apical
margin truncate, on anterior, posterior

wing pads with apical margin arcuate

e « « « . bivittata cCrawford

- Not as above (Fig. 8, IV - C) . .molokaiensis n. sp.

FIFTH INSTAR?

Length 1.45-1.98; width 1.21-1.75;

2 Specimens of the fifth instar of Cerotrioza hawaiiensis were
never collected.




2(1).

3(2).
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Sectasetae spathulate (Fig. 8,
V-D)e ¢« v ¢+ ¢ « v « « « « « « o lanaiensis n. sp.

Not as above. . . . . & ¢ ¢ ¢ ¢ t v ¢« ¢ e e« o o« .2

Sectasetae with apical margin emarginate

(Fig. 8, vV-A) . . . . . . .+ « . Jkauvaiensis n. sp.

Not as above. . . & ¢ ¢ ¢ ¢ v v e v e e e e e « . .3

Sectasetae (Fig. 8, V - B) on
cephaloprothorax with apical margin
emarginate, on anterior, posterior
wing pads, abdomen with apical margin

truncate. . . . . . . . . . . . . .bivittata n. sp.

Not as above (Fig. 8, V - C). . .molokaiensis n. sp.

Descriptions of the immature stages of Cerotrioza

bivittata Crawford (type species) and four new species are

presented below. These species are morphologically similar

in the adult and immature stages and together make up a

group of sibling species, which is here designated as the

Cerotrioza bivittata group.

(Figs.

Cerotrioza bivittata Crawford

2, B; 8, I-B - V-B).
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Cerotrioza bivittata Crawford 1918, Proc. Hawaii. Entomol.

Soc. III:454-455.
Type locality: Opaeula, Oahu Island.
Syntypes, male and female, located in B. P. Bishop Museum.
Endemic to Oahu Island.
Host: nymphs infest leaves of Xylosma and live in shallow

pits.

ADULT STAGE. (Fig. 2).
Diagnosis. Proctiger (Fig. 2) slender, similar to

proctiger of C. molokaiensis, €. lanaiensis and C.

hawaiiensis, but differs by having weakly produced,

anteriorly directed, acute base; C. kauaiensis differs by

having stout proctiger; parameres slender, base not swollen,

similar to parameres of C. kauaiensis, C. molokaiensis, but
differs by having parameres arched anteriorly; C.

lanaiensis, C. hawaiiensis differ by having stout parameres

with swollen bases.
Dimensions. Refer to original description.

Syntypes. Refer to original description.

IMMATURE STAGES.
FIRST INSTAR (Fig. 8, I~B).
Dimensions. Length 0.34-0.35; width 0.23-0.25.

Shape. Elliptical; meso-, metathoracic segments

laterally produced.



23

Margin. Specialized structures absent.

Dorsum. Sclerotization: weak; head, thorax partially
fused, divided into lateral halves, cephaloprothorax
partially separated from mesothorax by interrupted suture;
wingpads absent; abdomen separated from thorax by distinct
suture, segments nearly entirely fused, separated
submarginally by short sutures. Indumenta: sectasetae
(Fig. 8, I-B) borne on short protuberances, dorsoventrally
compressed, with basal portion arcuate, distal portion
somewhat broadly rectangular, apical margin weakly arcuate;
arranged in admarginal row on cephaloprothorax, abdomen;
admarginal sectaseta on each side of meso-, metathorax.
Setae simple, few, reduced in size. Cuticular structures:
spinules in transverse bands on meso-, metathoracic,
abdominal segments, sparse on apex of abdomen. Minute
points absent.

Venter. Sclerotization: absent except for cuticular
structures, circumanal pore ring plate. Indumenta: setae
simple, few, sparse, subequal in length; cephaloprothorax
with 3 elongate setae on each side; few small setae lateral
to leg bases; abdomen with elongate seta lateral to
circumanal pore ring on each side; circumanal pore ring
surrounded by 3 setae on each side, with 1 anterior, 2
posterior. cCuticular structures: spinules arranged in
short, wide, transverse band, alternating with short

transverse band of minute points on each abdominal segment.
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Minute points dense in submarginal region of body, in small
patches midway between midline, margin on each abdominal
segment. Antennae: ventral, 1 segmented; with 3 setae, 1
stout, blunt apical seta, 1 elongate submedial seta, 1
submedial specialized seta; with 2 sensoria bearing seta-
like projections, 1 subapical, 1 submedial. Labium: basal
segment with pair minute setae. Legs: stout; trochanter
undefined; femora not reaching margin of body; tibiotarsal
articulations absent; claws present; pulvillus somewhat
reniform; armed with few simple setae, subequal in size;
tibiotarsus with long subapical seta; femora with pair
sensoria near base. Circumanal pore ring: resembling first

instar of C. "kauaiensis" (Fig. 3).

SECOND INSTAR (Fig. 8, II-B).

Dimensions. Length 0.50-0.52; width 0.37-0.40.

Dorsum. Sclerotization: meso-, metathoracic segments
separated by distinct suture; wing pads present; abdominal
segments completely fused. Indumenta: sectasetae (Fig. 8,
II-B) in admarginal row on anterior, posterior wingpads.
Setae minute. cCuticular structures: spinules absent on
thorax. Minute points similar in pattern to previous instar
(not illustrated). ‘

Venter. Indumenta: abdomen with small seta posterior

to metatrochanter; 2 elongate setae lateral to circumanal

pore ring on each side; submarginal row of elongate setae on
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each side; circumanal pore ring surrounded by 4 setae on
each side, with 1 anterior, 1 lateral, 2 posterior.
Cuticular structures: minute points similar in pattern to
first instar (not illustrated). Antennae: one segmented;
resembling antenna of first instar. Circumanal pore ring:
resembling second instar of C. "kauaiensis" (Fig. 4). Inner

pores arranged in single row.

THIRD INSTAR (Fig. 8, III-B).

Dimensions. Length 0.71-0.75; width 0.57-0.62.

Shape. Cephaloprothorax with lateral halves anteriorly
produced; anterior, posterior wingpads well defined; apex of
abdomen weakly emarginate.

Dorsum. Indumenta: sectasetae (Fig. 8, III-B) on
cephaloprothorax nearly quadrate, with apical margin weakly
arcuate. Setae more numerous than on second instar.
Cuticular structures: spinules more numerous on each
abdominal segment, almost extending to margin.

Venter. Indumenta: setae more numerous on abdomen
than on second instar, with 2 setae posterior to
metatrochanter; in 3 somewhat longitudinal rows on each
side, 1 submarginally, 1 midway between margin, midline.
Antennae: five segmented, basal segment lacking sensory
structures; second segment with subapical sensorium; third
segment with subapical specialized seta; fourth segment with

1 long, simple subapical seta, with 1 subapical sensorium
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with seta-like structure; apical segment with 1 blunt apical
seta, 1 subapical sensorium with seta-like projection.
Circumanal pore ring: resembling third instar of C.

"kauaiensis" (Fig. 5).

FOURTH INSTAR (Fig. 8, IV-B).

Dimensions. Length 1.05-1.12; width 0.87-0.96.

Dorsum. Indumenta: sectasetae (Fig. 8, IV-B) on
cephaloprothorax with distal portion quadrate, apical margin
truncate.

Venter. Antennae: resembling third instar except
subapical sensorium present on basal segment. Legs: setae
more numerous than on third instar; femora with 3 sensoria
at base. Circumanal pore ring: resembling fourth instar of

C. "kauvaiensis" (Fig. 6).

FIFTH INSTAR (Fig. 8, V-B).

Dimensions. Length 1.65-1.78; width 1.41-1.54.

Dorsum. Indumenta: sectasetae (Fig. 8, V-B) on
cephaloprothorax with distal portion obquadrangular, apical
margin emarginate; on meso-, metathorax, abdomen with distal
portion quadrangular, margin truncate on wing pads, abdomen.
Setae in row on abdominal segments.

Venter. Antennae: eight segmented, resembling fourth
instar except additional segments formed by division of

first and second segments of that stage. Legs: tibiotarsal
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articulations present; femora with 4 sensoria at base.
Circumanal pore ring: resembling fifth instar of C.

"kauaiensis" (Fig. 7).

TYPES.

Paratypes, male and female, (BISHOP 5542) are labeled:

Opaeula, Oahu, 3-30-13, ex Xylosma, Swezey Collector.

OTHER SPECIMENS EXAMINED.
Hawaii: Oahu I., Hauula, 1200', 2.vi.1989, ex. Xylosma

hawaiiense, G. Uchida & J. Lau, 2 males, 2 females; Oahu I.,

Hauula, 650', 2.vi.1989, ex Xylosma hawaiiense, G. K. Uchida
& J. Lau, 5 males (2 in alcohol), 11 females (3 in alcohol),
29 nymphs (6 I, 7 II, 5 III, 6 IV, 5 V); Wailupe, Oahu,
5.30.19, 0. H. Swezey collector, 5 males, 2 females; Waialae
Nui, Oahu, 2-16-19, O. H. Swezey Collector, 1 female;
Waialae Iki, Oahu, 3.21.20, O. H. Swezey, 2 females; Waialae
Iki, Oahu, 5-2-20, O. H. Swezey Ccllector, 2 males; Opaeula,
Oahu, 4-10-21, 0. H. Swezey Collector, 2 males, 1 female;
Opaeula, Oahu, 3-30~-13, ex Xylosma, O. H. Swezey Collector,
1 male; Tantalus, Oahu, Xylosma, Coll. 0. H. S., 1 male;

Niu, Oahu, ex Xylosma, Coll O. H. S., 1 male.

Cerotrioza "kauaiensis" n. sp.

(Figs. 2-7; 8, I-A - V-A).

Type locality: near Kalalau Lookout, Kauai Island.
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Holotype male and allotype female located in B. P. Bishop

Museum.
Endemic to Kauai Island.

Host: nymphs free-living and infest open surface of leaves

of Xylosma hawaiiense Seemn.

ADULT STAGE. (Fig. 2, A).
Diagnosis. Proctiger (Fig. 2, A) stout; C. bivittata,

C. molokaiensis, C. lanaiensis and C. hawaiiensis differ by

having slender proctiger; parameres (Fig. 2, A) slender,
base not swollen, similar to parameres of C. bivittata, C.

molokaiensis; differs from C. bivittata by having parameres

arched posteriorly; C. lanaiensis, C. hawaiiensis differ by

having stout parameres with swollen bases.

Dimensions. Male: entire length 3.3; body: 1length
1.6, width 0.5; anterior wing: length 2.7, width 0.5.
Female: entire length 3.8; body: 1length 2.0, width 0.5;
anterior wing: length 3.1, width 0.9.

Holotype and allotype. Male and female, respectively.

Color and morphological descriptions: similar to
characters given in the original description of C. bivittata

except for those given in the diagnosis.

IMMATURE STAGES.

FIRST INSTAR (Figs. 3; 8, I-A).
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Dimensions. Length 0.37-0.40; width 0.25-0.27.
Dorsum. Indumenta: sectasetae (Fig. 8, I-A) with

apical margin truncate to weakly emarginate.

SECOND INSTAR (Figs. 4; 8, II-A).
Dimensions. Length 0.55; width 0.40-0.41.
Dorsum. Indumenta: sectasetae (Fig. 8, II-A) with

apical margin weakly emarginate.

THIRD INSTAR (Figs. 5; 8, III-A).
Dimensions. Length 0.75-0.82; width 0.62-0.66.

Dorsum. Indumenta: sectasetae (Fig. 8, III-A).

FOURTH INSTAR (Figs. 6; 8, IV-A).
Dimensions. Length 1.18-1.23; width 0.95-1.05.
Dorsum. Indumenta: sectasetae (Fig. 8, IV-A, upper)
on cephaloprothorax with distal portion gquadrangular, with

apical margin emarginate.

FIFTH INSTAR (Figs. 7; 8, V=-3).

Dimensions. Length 1.80-1.98; width 1.57-1.75.

Dorsum. Indumenta: sectasetae (Fig. 8, V-A) with
apical margin emarginate; on cephaloprothorax with distal
portion obgquadrangular (Fig. 8, V~-A, upper):; on anterior,
posterior wingpads, abdomen with distal portion quadrangular

(Fig. 8, V-A, middle, lower).
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TYPES.
Holotype male, allotype female, Kauai I., nr. Kalalau

lookout, 24.11.1988, ex Xylosma hawaiiense, G. K. Uchida

(BISHOP). Paratypes, 5 males (3 in alcochol), 8 females (5

in alcohol), 31 nymphs on slides (6 I, 4 I1II, 8 III, 7 IV, 6
V), locality data same as holotype; Hawaii, Kauai I., Kokee,
nr. Kalalau Lookout, 4500', 27.viii.1989, ex Xylosma, G. K.

Uchida & J. Lau.

Cerotrioza "molokaiensis" n. sp.

(Figs. 2, Cc; 8, I-C - V-C).
Type locality: O0Olokui Ridge, Molokai Island.
Endemic. Molokai Island.
Host: nymphs free-living on open surfaces of leaves of

Xvlosma hawaliiense Seem.

ADULT STAGE. (Fig. 2, C).
Diagnosis. Proctiger (Fig. 2, C) slender, similar to

proctiger of C. bivittata, C. lanaiensis, C. hawaiiensis;

but differs by having weakly expanded, anteriorly directed,
obtuse base; parameres (Fig. 2, C) slender, base not
swollen, similar to parameres of C. kauaiensis, C.
bivittata; but differs from C. bivittata by having parameres

arched posteriorly; C. lanaiensis, C. hawaiiensis differ by

having stout, basally swollen parameres.

Dimensions. Male: entire length 2.3; body: length
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1.0, width 0.5; anterior wing: length 1.8, width 0.5.
Female: entire length 2.7; body: length 1.5, width 0.5;
anterior wing: 1length 2.3, width 0.5.

Holotype and allotype. Male and female, respectively.

Color. Wing: stripe of pale brown spots on midline
from base to midlength.

Morphological description: similar to characters given

in the original description of C. bivittata except for those

given in the diagnosis.

IMMATURE STAGES.
FIRST INSTAR (Fig. 8, I-C).
Dimensions. Length 0.40; width 0.27.

Dorsum. Indumenta: sectasetae (Fig. 8, I-C) arcuate,

with apex weakly bowed.

SECOND INSTAR (Fig. 8, II-C).
Dimensions. Length 0.48-0.53; width 0.36-0.41.

Dorsum. Indumenta: sectasetae (Fig. 8, II-C).

THIRD INSTAR (Fig. 8, III-C).
Dimensions. Length 0.73; width 0.59.
Dorsum. Indumenta: sectasetae with apical margin
weakly bowed, on cephaloprothorax (Fig. 8, III~C, upper)
with distal portion nearly quadrate; on anterior, posterior

wingpads (Fig. 8, III-C, middle), abdomen (Fig. 8, III-C,
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lower) with distal portion quadrangular.

FOURTH INSTAR (Fig. 8, IV-C).
Dimensions. Length 0.96-1.11; width 0.82-0.95.
Dorsum. Indumenta: sectasetae on cephaloprothorax

(Fig. 8, IV~-C, upper) with apical margin truncate.

FIFTH INSTAR (Fig. 8, V-C).
Dimensions. Length 1.45; width 1.21.

Dorsum. Indumenta: sectasetae (Fig. 8, V-C).

TYPES.

Holotype male, allotype female, Hawaii, Molokai I.,
Wailau Valley, Olokui Ridge, 1.vi.1990, ex Xylosma
hawaiiense, G. K. Uchida & J. Lau (BISHOP). Paratypes, 3
males (1 in alcohol), 4 females (2 in alcohol); 11 nymphs (1

I, 4 II, 1 III, 4 IV, 1 V), locality data same as holotype.

Cerotrioza "lanaiensis" n. sp.

(Figs. 2, D; 8, I-D - V-D).
Type locality: Kaiholena, Lanai Island.
Endemic. Lanai Island.
Host: nymphs free living on open surface of leaves of

Xvlosma hawaiiense Seen.
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ADULT STAGE. (Fig. 2, D).
Diagnosis. Proctiger (Fig. 2, D) slender, similar to

proctiger of C. bivittata, C. molokaiensis, C. hawaiiensis;

but differs by having strongly produced, anteriorly
directed, acute base; C. kauvaiensis differs by having stout
proctiger; parameres (Fig. 2, D) stout, bases swollen,

similar to parameres of C. hawaiiensis; but differs from

slender parameres without swollen bases of C. kauaiensis, C.

bivittata, C. molokaiensis.

Dimensions. Male: entire length 2.5; body: length
1.1, width 0.4; anterior wing: length 1.9, width 0.5.
Female: entire length 3.0; body: length 1.6, width 0.8;
anterior wing: 1length 2.5, width 0.8.

Holotype and allotype. Male and female, respectively.

Color. Wing: stripe of dark brown dots along entire
midline, apical portion of stripe irregular in pattern.

Morphological description. Similar to characters given
in the original description of C. bivittata except for those

given in the diagnosis.

IMMATURE STAGES.
FIRST INSTAR (Fig. 8, I-D).
Dimensions. Length 0.37-0.38; width 0.24-0.27.
Dorsum. Indumenta: sectasetae (Fig. 8, I-D)

flattened, arcuate, with apical margin weakly bowed.
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SECOND INSTAR (Fig. 8, II-D).
Dimensions. Length 0.55; width 0.42.
Dorsum. Indumenta: sectasetae (Fig. 8, II-D)

spathulate.

THIRD INSTAR (Fig. 8, III-D).
Dimensions. Length 0.79; width 0.61.

Dorsum. Indumenta: sectasetae (Fig. 8, III-D).

FOURTH INSTAR (Fig. 8. IV-D).
Dimensions. Length 1.11; width 0.89.

Dorsum. Indumenta: sectasetae (Fig. 8, IV-D).

FIFTH INSTAR (Fig. 8, V-D).
Dimensions. Length 1.74; width 1.48.

Dorsum. Indumenta: sectasetae (Fig. 8, V-D).

TYPES.
Holotype male, allotype female, Hawaii, Lanail I.,

Haalelepaakai, 13.vi.1989, ex Xylosma hawaiiensis, J. Lau

(BISHOP). Paratypes, 6 females (2 in alcohol); 8 nymphs (4
I, 1 11, 1 III, 1 IV, 1 V), locality data same as holotype;
Hawaii, Lanai I., nr. Kaiholena, 13.vi.1989, ex Xylosma

hawaiiense, J. Lau, 2 nymphs (1 II, 1 IV).
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Cerotrioza "hawaiiensis" n. sp.

(Figs. 2, E; 8, I-E - V-E).
Type locality: Kipuka Puaulu, Hawaii Island.
Endemic. Hawaii Island.

Host: nymphs free-living and infests open surfaces of

Xvlosma hawajiense Seemn.

ADULT STAGE. (Fig. 2, E).
Diagnosis. Proctiger (Fig. 2, D) slender, similar to

proctiger of C. bivittata, C. molokaiensis, C. lanaiensis;

but differs by having unexpanded base; C. kauaiensis differs
by having stout proctiger; parameres stout with swollen
bases like parameres of C. lanaiensis; but differs from
slender parameres without swollen bases of C. kauaiensis, C.

bivittata, C. molokaiensis.

Dimensions. Male: entire length 2.6; body: length
1.1, width 0.4; anterior wing: 1length 2.3, width 0.6.
Female: entire length 3.0; body: 1length 1.7, width 0.5;
anterior wing: 1length 2.5, width 0.9.

Holotype and Allotype. Male and female, respectively.

Color. Wing: stripe of pale brown dots extending to
wing apex, with distal 1\3 irregular in pattern.

Morphological description. Similar to characters given
in the original description of C. bivittata except for those

given in the diagnosis.



IMMATURE STAGES.
FIRST INSTAR (Fig. 8, I-E).
Dimensions. Length 0.37-0.40; width 0.26-0.27.
Dorsum. Indumenta: sectasetae (Fig. 8, I-E)

flattened, arcuate, with apical margin weakly bowed.

SECOND INSTAR (Fig. 8, II-E).
Dimensions. Length 0.53-0.55; width 0.40-0.42.
Dorsum. Indumenta: sectasetae (Fig. 8, II-E)

spathulate.

THIRD INSTAR (Fig. 8, III-E).
Dimensions. Length 0.79; width 0.62.

Dorsum. Indumenta: sectasetae (Fig. 8, III-E).

FOURTH INSTAR (Fig. 8, IV-E).
Dimensions. Length 1.12; width 0.91.

Dorsum. Indumenta: sectasetae (Fig. 8, IV-E).

FIFTH INSTAR.

Specimens unavailable.

TYPES.

36

Holotype male, allotype female, Kilauea, Hawaii, Kipuka

Puaulu, 6-28-34, O. H. Swezey Collector (BISHOP).

Paratypes, 4 females, same locality data as holotype; 15
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nymphs (4 I, 5 II, 5 III, 1 IV) Hawaii, Hawaii I., Kipuka

Puaulu, 38.vii.1988, ex Xylosma hawaiiensis, G. K. Uchida.

Crawforda Caldwell.

Crawforda Caldwell 1940, Proc. Hawaii. Entomol. Soc. 10:397.

Diagnosis. Forewings with narrow pterostigma.

Caldwell (1940) established the genus Crawforda which
is represented by the only known species, Crawforda

triopsyllina Caldwell.

Descriptions of the immature stages are provided below.

Crawforda triopsyllina Caldwell

(Figs. 9-13).

Crawforda triopsyllina Caldwell 1940, Proc. Hawaii. Entomol.

Soc. 10:397.
Type locality: Kainalu, Molokai Island.
Holotype male and allotype female located in the B. P.
Bishop Museum.
Endemic. Molokai Island.
Host: nymphs attached to open surface of the dorsal side of

leaves of Tetraplasandra hawaiensis A. Gray.

ADULT STAGE.

Diagnosis. Refer to original description.

Dimensions. Refer to original description.
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Holotype and Allotype. Refer to original description.

IMMATURE STAGES.
FIRST INSTAR (Fig. 9).

Dimensions. Length 0.42-0.45; width 0.29-0.32.

Shape. Broadly elliptical.

Margin. Specialized structures absent.

Dorsum. Sclerotization: pronounced; head, thoracic
segments fused, divided into lateral halves,
cephaloprothorax, meso-, metathorax partially separated by
short submarginal sutures; wingpads undefined; abdomen
separated by distinct suture, segments fused. Indumenta:
sectasetae lanceolate, borne on short protuberances, in
submarginal row, in 2 longitudinal rows on each side of
head+thorax, 1 longitudinal row on each side of abdomen
(Fig. 9). Setae simple, mostly small, borne on weakly
defined protuberance, in submarginél'row on abdominal plate,
abdomen with elongate seta submarginally on each side of
apex. Cuticular structures: spinules in short, relatively
wide transverse band on meso-, metathorax, in row or narrow
transverse band on each abdominal segment. Minute points
absent.

Venter. Sclerotization: absent except for cuticular
structures. Indumenta: setae simple, few, sparse, subequal
in size; cephaloprothorax with 3 elongate setae on each

side; few, small setae lateral to leg bases; abdomen with



39

elongate seta on apical segment, with 4 setae normally
associated with circumanal pore ring near apex of abdomen on
each side. Cuticular structures: spinules arranged in
transverse band extending across clypeus near base, in short
medial band across each abdominal segment. Minute points
absent. Antennae: short, stout, ventral, one segmented;
bearing 3 setae, with 1 enlarged, blunt apical seta, 1
relatively stout, long subapical seta, 1 submedial
specialized seta, with 3 sensoria each with stout seta-like
projection, 2 subapical, 1 medial. Labium: pair of minute
seta at base. Legs: relatively stout; trochanter
undefined; femora not reaching body margin; tibiotarsal
articulations absent; claws present; pulvillus somewhat
reniform; setae simple, few, sparse; tibiotarsus with long
subapical capitate seta with bent apex; spinules sparse;

femora with 2 basal sensoria. Circumanal pore ring:

absent.

SECOND INSTAR (Fig. 10).
Dimensions. Length 0.66-0.71; width 0.53-0.63.
Margin. Abdominal margin with colliculate structures
(Fig. 10).

Dorsum. Sclerotization: anterior, posterior wing pad
bases separated from thorax by well defined suture.
Indumenta: sectasetae (Fig. 10) in admarginal row on

abdominal plate; modified sectasetae may be present, reduced
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in size, nearly linear, blunt ended. Setae small, few in
submedial longitudinal row on head+thorax. Cuticular
structures: spinules absent on meso-, metathorax.

Venter. Indumenta: seta few, small; abdomen with 1
submedial, longitudinal row, 1 submarginal row on each side.
Cuticular structures: minute points dense, arranged in
submarginal elliptical pattern on venter, interrupted on
head+thorax, enlarged on abdomen, intergrades to colliculate

structures which form short stripe from anus to posterior

margin.

THIRD INSTAR (Fig. 11).
Dimensions. Length 1.04-1.11; width 0.89-0.94.
Margin. Abdominal margin lacking colliculate

structures except at apex.
Dorsum. Indumenta: sectasetae in submarginal row;

absent on abdomen. Modified sectasetae clavate, many

scattered on dorsun.
Venter. Antennae: two segmented, basal segment with 2
setae, 1 subapical, 1 submedial; apical segment with 2

setae, 1 blunt apical seta, 1 elongate subapical seta, with

2 subapical sensoria.

FOURTH INSTAR (Fig. 12).
Dimensions. Length 1.56-1.75; width 1.33-1.48.

Dorsum. Indumenta: modified sectasetae, setae more
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numerous than on third instar.

Venter. Indumenta: cephaloprothorax with 4 setae on
each side. Cuticular structures: minute points similar in
pattern to previous instar (not illustrated). Antennae:
four segmented; first two segments with 1 subapical seta,
with 1 apical sensorium; third segment with 2 subapical
setae, 1 simple, 1 specialized; apical segment resembling

third instar.

FIFTH INSTAR (Fig. 13).

Dimensions. Length 2.62-2.87; width 2.18-2.30.
Venter. Antennae: seven segmented, segments 1-5
without setae, sensoria; segment 6 with 1 medial sensorium;

segment 7 with 6 setae, 1 short, blunt apical seta, 1
elongate subapical seta, 2 nearer apex, 1 medial, 1 near
base, with 4 sensoria, 2 subapical, 1 medial, 1 near base.

Legs: tibiotarsal articulations defined.

TYPES.

The holotype male and allotype female (BISHOP 5539) are
labeled: Kainalu, Molokai; VII-24-27, 1600';

Tetraplasandra; O. H. Swezey Collector.

OTHER SPECIMENS EXAMINED.

Molokai, Kainalu, 1600', VII-24-1927, E. H. Bryan, Jr.,
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psyllid on leaves of Tetraplasandra hawaiiensis, 27 nymphs

(6 I, 6 II, 5 III, 5 IV, 5 V).

Hemischizocranium Tuthill.

Hemischizocranium Tuthill 1956, Proc. Hawaii. Entomol. Soc.

l16:158.

Diagnosis. Vertex quadrate, incompletely divided by medial

sulcus, genal cones short, stout, blunt ended.

Tuthill (1956) proposed a new genus, Hemischizocranium,

with Hemischizocranium bessi Tuthill as the type species.

He also transferred a species previously described by

Caldwell (1940), Hevaheva aloha (Caldwell), to this genus.

Zimmerman (1948b) noted that Hevaheva aloha differed from

other species of Hevaheva by its stout appearance, very long

M,,, and M;,, veins and distinctly shaped head capsule. This

endemic genus is represented by two Hawaiian species.
Species keys to the adult and immature stages and

descriptions of the immature stage of Hemischizocranium

bessi Tuthill (type species) and Hemischjizocranium aloha

(Caldwell) are given below. These species are designated as

the Hemischizocranium bessi group.

Key to the Adults of Hemischizocranium

1. M vein forks distal to wing midlength
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. . bessi Tuthill

M vein forks proximal to wing midlength

aloha (Caldwell)

Key to the Immature Stages of Hemischizocranium

Length

1.

Second:
Third:
Fourth:

1.

FIRST INSTAR
0.49-0.54; 0.31-0.33;
Basal abdominal segment with 2 submedial
patches composed of many small, appressed,
spines on each side . . . . . . . . aloha (Caldwell)

Spines absent . . . . . . . . . . . . .bessi Tuthill

SECOND, THIRD AND FOURTH INSTAR

length 0.73-0.82; width 0.51-0.55;
length 1.16-1.25; width 0.82-0.88;

length 1.79-2.05; width 1.27-1.49;
Dorsal modified sectaseta linear,
flattened, apex divided, mixed with
few setaceous modified sectasetae
(Figs. 15-16; 21, C lower (second
instar, E lower (third instar,
G lower (fourth instar)). . . . . . aloha (Caldwell)
Not as above Figs. 20, D lower (second
instar), F lower (third instar),

H lower (fourth instar)). . . . . . . .bessi Tuthill
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FIFTH INSTAR
Length 287-321; width 2.18-246;
1. Dorsal modified sectaseta clavate,
reduced in size, mixed with setaceous

modified sectasetae (Fig. 21, I lower)

. aloha (Caldwell)

- Not as above (Fig. 21, J lower) . . . .bessi Tuthill

Hemischizocranium bessi Tuthill

(Figs. 20, A-J; 21, B, D, F, H, J).

Hemischizocranium besgi Tuthill 1956, Proc. Hawaii. Entomol.

Soc. 16:160-161.
Type locality: Kilauea, Hawaii Island.
Holotype female allotype male deposited in B. P. Bishop
Museum.

Endemic. Hawaii Island.

Host: Nymphs free-living on leaves of Zanthoxylum dipetalum

H. Mann.

ADULT STAGE.

Diagnosis. Differing from H. aloha by having proctiger
somewhat tapered, anterior margin nearly linear, posterior
margin arcuate, constricted apically; parameres stout,

arched anteriorly (description based on drawing in Tuthill

1956, p. 159).
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IMMATURE STAGES.
FIRST INSTAR (Figs. 19, A, F; 21, B).

Dimensions. Length 0.51-0.54; width 0.32~0.33.

Shape. Elliptical; meso-, metathorax laterally
produced.

Margin. Specialized structure absent.

Dorsum. Sclerotization: weak; head, thoracic segments
fused, divided into lateral halves, meso-, metathorax
partially separated by submarginal suture on each side;
wingpads absent; abdomen separated from thorax by distinct
suture, abdominal segments nearly entirely fused, separated
submarginally by short sutures. Indumenta: sectasetae
(Figs. 19, A; 21, B, lower) dorsoventrally compressed,
admarginal, borne on short protuberances. Setae (Fig. 21,
A, upper) simple, few, small, subequal in length, borne on
weakly developed protuberances. Cuticular structures:
spinules in relatively short, narrow, transverse bands on
meso-, metathorax, first two abdominal segments, extending
almost to abdominal margin on other posterior segments.
Minute points absent.

Venter. Sclerotization: absent except for cuticular
structures, circumanal pore ring plate. ZIndumenta: setae
simple, few, sparse, subequal in length; cephaloprothorax
with 3 setae on each side, subequal in length; circumanal
pore ring surrounded by 4 setae on each side, with 1

anterior, 1 lateral, 2 posterior. Cuticular structures:
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spinules in short transverse band on each abdominal segment.
Minute points: dense in submarginal region of body.
aAntennae: elongate, ventral, 1 segmented; with 3 setae, 1
elongate, blunt apical seta, 1 subapical, elongate, 1
specialized seta near base, with 4 sensoria, 2 subapical, 1
nearer apex, 1l dorsal near base. Labium: basal segment
with small seta on each side. Legs: relatively stout;
trochanter undefined; femora not reaching margin of body;
tibiotarsal articulations absent; claws present; pulvillus
somewhat elliptical; tibiotarsi armed with few simple setae,
with subapical capitate seta with bent apex; spinules

sparse; femora with 2 basal sensoria. Circumanal pore ring:

Ventral (Fig. 19, F).

SECOND INSTAR (Figs. 19, B, G; 21, D).

Dimensions. Length 0.77-0.82; width 0.53-0.55.

Shape. Cephaloprothorax anteriorly produced on each
side.

Dorsum. Sclerotization: cephaloprothorax partially
separated from anterior wingpads by long submarginal suture.
Indumenta: sectasetae (Figs. 19, B; 21, D, lower right).
Modified sectasetae (Fig. 21, D, lower left), mostly small,
few enlarged, setaceous, borne on protuberance, 1 on each
wingpad. Setae simple, mostly small, scattered, borne on
short protuberance (Fig. 21, C, upper), with few minute

sessile setae. Cuticular structures: spinules absent on
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thorax; arranged as interrupted band across each abdominal

segment, extending toward margin on basal segments. Minute
points absent. Abdomen with 4 short, medial, tubercles in

longitudinal row.

Venter. Indumenta: setae on abdomen, with 1
submedial, 1 submarginal row on each side; 2 setae lateral
to circumanal pore ring, subequal in length, with 1
enlarged, 1 reduced; circumanal pore ring surrounded by 5
setae on each side, with 2 anterior, 1 lateral, 2 posterior.
Cuticular structures: minute points similar in pattern to
first instar (not illustrated). Depressed spines apically
broad, apex bearing 2 or more small, flattened spine-like
projections; in a group submedially on each side of first
two abdominal segments. Antennae: similar to first instar

except for presence of 2 ventral setae, with 1 submedial, 1

basal.

Circumanal pore ring (Fig. 19, G).

THIRD INSTAR (Figs. 19, C, H; 21, F).

Dimensions. Length 1.16-1.25; width 0.82-0.88.

Dorsum. Indumenta: sectasetae (Figs. 19, C; 21, F,
lower right). Modified sectasetae (Fig. 21, F, lower left)
arranged in somewhat longitudinal row on body. Setae (Fig.
21, F, upper) more numerous than on second instar, larger
setae borne on prominent protuberances, concentrated on wing

pads, in transverse row on each abdominal segment.
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Venter. Indumenta: cephaloprothorax with 3-4 setae on
each side. Antennae: two segmented; basal segment with 3
lateral setae, 1 near base, 1 near apex, 1 specialized seta
near apex, with 2 sensoria, 1 lateral, 1 dorsal near base;
apical segment with 2 setae, 1 blunt apical seta, 1
subapical, with 3 sensoria, 2 subapical, 1 near base. Legs:

setae more numerous than on second instar. Circumanal pore

ring (Fig. 20, H).

FOURTH INSTAR (Figs. 19, D, I; 21, H).

Dimensions. Length 1.94-2.05; width 1.36-1.49.

Dorsum. Indumenta: sectasetae (Figs. 19, D; 21, H,
lower right). Modified sectasetae (Fig. 21, H, lower left)
arranged in transverse row on each abdominal segment. Setae
(Fig. 21, H, upper) concentrated submarginally on body.

Venter. Indumenta: cephaloprothorax with 5 setae on
each side, subequal in length; abdominal segments with
transverse row of setae extending to spiracles on each side.
Antennae: four segmented; basal segment with 4 setae, 2
ventral, 1 subapical, 1 submedial, with 2 dorsal setae, 1
subapical, 1 medial, with 1 apical sensorium; second segment
with 2 subapical setae, 1 ventral, 1 dorsal, with 1
subapical sensorium; third segment with elongate subapical
seta, 1 subapical specialized seta; apical segment with 1
blunt apical seta, with 2 subapical sensoria. Legs:

profemora with 3, meso-, metafemora with 4 sensoria near
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base. Circumanal pore ring (Fig. 19, I).

FIFTH INSTAR (Fig. 19, E, J; 21, J).

Dimensions. Length 3.07-3.21; width 2.18-2.30.

Dorsum. Indumenta: sectasetae (Figs. 19, E; 21, J,
lower right). Modified sectasetae simple (Fig. 21, I, lower
left), more numerous, in row along bases of wing pads, in
clusters arranged in longitudinal row on each side, in
transverse row across each abdominal segment. Setae (Fig.
21, I, upper), more numerous than on fourth instar.

Venter. Indumenta: setae more numerous on abdominal
segments than on fourth instar. Antennae: seven segmented,
resembling antenna of fourth instar except segments 2, 3 of
fourth instar divided in half, resulting in segments 2, 4
without setae or sensoria; segments 5, 6, each with 1 dorsal

seta. Circumanal pore ring (Fig. 19, J).

TYPES.

Not present in B. P. Bishop Museum Collection.

CTHER SPECIMENS EXAMINED.
Hawaii, Hawaii I., HVNP, Kipuka Puaulu, 23.vi.1989, ex

Zanthoxylum dipetalum, G. K. Uchida, 4 males, 5 females, 25

nymphs (5 I, 5 II, 5 III, 5 IV, 5 V); Kipuka Puaulu, Haw.,

VIII-23-1958; Xanthoxylum (=Zanthoxylum); J. W. Beardsley

Collector, 1 female.
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REMARKS: the holotype female and allotype male specimens
were deposited in the collection of the B. P. Bishop Museumn,

but these specimens have not been located.

Hemischizocranium aloha Caldwell

(Figs. 14-18; 20, A-J; 21, A, C, E, G, I).

Hevaheva aloha Caldwell 1940, Proc. Hawaii. Entomol. Soc.

10:394, 396.

Hemischizocranium aloha (Caldwell), Tuthill 1956, Proc.

Hawaii. Entomol. Soc. 16:158.
Type locality: Mohihi, Kauai Island.
Holotype male located in B. P. Bishop Museum.
Endemic. Kauai Island.
Host: nymphs free-living mostly on venter of leaves of

Zanthoxylum dipetalum H. Mann., usually feed on the side of

prominent veins.

ADULT STAGE.
Diagnosis. Differing from H. bessi by having proctiger
not tapered, anterior margin weakly arcuate, posterior

margin bell-shaped; parameres with swollen base, arched

posteriorly.

IMMATURE STAGES.
FIRST INSTAR (Figs. 14; 19, A, F; 21, A).

Dimensions. Length 0.49-0.53; width 0.31-0.32.
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Dorsum. Indumenta: sectasetae (Figs. 20, A; 21, A,
lower). Setae (Fig. 20, A, upper) simple, borne on weakly
defined protuberance.
Venter. Indumenta: flattened, acute, depressed spines
present in 2 groups on each side of abdominal segment (Fig.

14). Circumanal pore ring (Fig. 20, F).

SECOND INSTAR (Figs. 15; 20, B, G; 21, C).

Dimensions. Length 0.73-0.76; width 0.51-0.52.

Dorsum. Indumenta: sectasetae (Figs. 20, B; 21, C,
lower right). Modified sectasetae (Fig. 21, D, lower left)
enlarged, flattened, in two longitudinal rows, with 1
submedial, 1 aligned along bases of wing pad bases. Setae
(Fig. 21, C, upper). Cuticular structures: tubercle medial
on apical third of abdomen.

Venter. Circumanal pore ring (Fig. 20, G).

THIRD INSTAR (Fig. 16; 20, C, H; 21, E).

Dimensions. Length 1.16-1.25; width 0.82-0.88.

Dorsum. Indumenta: sectasetae (Figs. 20, C; 21, E,
lower right). Modified sectasetae (Fig. 21, E, lower left)
stout, lanceolate, forming two interrupted, sometimes
somewhat depleted longitudinal rows. Setae (Fig. 21, E,
upper) .

Venter. Circumanal pore ring (Fig. 20, H).



52

FOURTH INSTAR (Figs. 17; 20, D, I; 21, G).

Dimensions. Length 1.79-2.01; width 1.27-1.43.

Dorsum. Indumenta: sectasetae (Figs. 20, D; 21, G,
lower right). Modified sectasetae somewhat lanceolate with
acute apex (Fig. 21, G, lower left). Setae borne on
prominent protuberances (Fig. 21, G, upper).

Venter. Circumanal pore ring (Fig. 19, I).

FIFTH INSTAR (Figs. 18; 20, E, K; 21, I).

Dimensions. Length 2.87; width 2.46.

Dorsum. Indumenta: sectasetae (Figs. 20, E; 21, I,
lower right). Modified sectasetae enlarged, flattened,
fusiform (Fig. 21, I, lower left), numerous on
cephaloprothorax, in clusters along side midline of meso-,
metathorax; smaller, stout, flattened modified sectasetae
(Fig. 21, J, lower middle) scattered on outer one-third of
dorsum scattered among setae borne on protuberance (Fig. 21,
J, upper).

Venter. Circumanal pore ring (Fig. 20, J).

TYPES.
The holotype male (BISHOP 5533), Mohihi, (Kauai), 8-11-

25; 0. H. Swezey Collector; Xanthoxylum (=Zanthoxylum).

OTHER SPECIMENS EXAMINED.

Hawaii, Hawaii I., Kokee, Makaha, 24.11.1988, ex
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Zanthoxylum dipetalum, G. K. Uchida, 1 male, 2 females, 18

nymphs (5 I, 5 II, 3 III, 4 IV, 1 V).

Kuwayama Crawford.
Epitrioza Crawford 1911, Pomona Coll. J. Entomol. 3:452.
Kuwayama Crawford 1911, Pomona Coll. J. Entomol. 5:503.

Diagnosis. Genal cones absent.

In the genus Kuwayama, there are 2 previously described

species which are specific to Pisonia sandwicensis

Hillebrand. The species are Kuwayama minutera Caldwell

(1940) which forms shallow pit galls on the dorsum of its

host leaves, and Kuwayama pisonia, which feeds on the leaf

dorsum and forms deep tubular pocket galls. The three new
species described here represent a separate species complex

and are free-living on the venter of the leaves of its host,

P. sandwicensis.

Species keys and descriptions of the adult and immature
stages are provided below. K. ventralis n. sp. is
designated as the type of the genus and the three species

described below are referred to as the Kuwayama ventralis

group.

Key to the Adults of some Kuwayama Species
Treated in this Paper

1. M vein forks on straight line connecting
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distal ends of Rs and CUp v v o e e e e e e e e 2

- M vein forks proximal to straight line connecting

distal ends of Rs and Cu; . . . . . cahuensis n. sp.

2(1). Prescutum with prominent dark brown medial stripe
e + o+ + + « e « & « « + + « « « ventralis n. sp.
- Prescutum without markings. . . . .lanaiensis n. sp.

Key to the Immature Stages of some Kuwayama Species

Treated in this Paper

FIRST INSTAR

Length 0.36-0.40; width 0.23-0.26;

1, Sectasetae near margin of body biordinate
(Fig. 23). . . . ¢« « ¢« ¢« « « « « « . ventralis n. sp.
- Sectasetae near margin of body uniordinate . . . . 2

2(1l) Sectasetae with distal portion 1/3 entire
length (Fig. 23, B). . . . . . . . .ocahuensis n. sp.
- Sectasetae with distal portion 1/4 entire

length (Fig. 23, ¢). . . . . . . . lanaiensis n. sp.

SECOND, THIRD, FOURTH AND FIFTH INSTAR
Second: length 0.52-0.56; width 0.33-0.37;
Third: length 0.75-0.81; width 0.55~0.64;

Fourth: 1length 1.11~1.12; width 0.80-0.82;
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Fifth: length 1.74-2.20; width 1.30-1.70;
1. Sectasetae with distal portion 1/2 entire
length (Figs. 23, D lower (second instar),
G lower (third instar), J lower (fourth
instar), M lower (fifth instar)) . . ventralis n. sp.

- Not as above . ¢« ¢ ¢ ¢t ¢ ¢ o ¢« 4t o o o o o o o o o 2

2(1l) Sectasetae with distal portion 1/3 entire

length (Figs. 23, E lower (second instar),

H lower (third instar), K lower (fourth

instar), N (fifth instar)). . . . . .oahuensis n. sp.
- Sectasetae with distal portion 1/4 entire

length (Figs. 23, F lower (second instar),

I lower (third instar), L lower (fourth

instar), O lower (fifth instar)). . lanaiensis n. sp.

Kuwayama "ventralis" n. sp.

(Figs. 22-27; 28, A, D, G, J, M; 29, A-E)
Type locality: Kokee, Kauai Island.

Holotype male and allotype female deposited in B. P. Bishop
Museum.

Endemic. Kauai Island.

Host: free-living on ventral surface of Pisonia

sandwicensis Hillebrand.

Etymology. The specific epithet, vent, meaning underside or

belly, referring to the habit of the immatures which are



found on the underside of the leaves of its host.

ADULT STAGE (Fig. 22).

Diagnosis. M vein of this species forks on straight
line connecting distal ends of Rs, Cu,, similar to K.
lanaiensis, differing from K. oahuensis. Differs from K.
lanaiensis, K. oahuensis by having mesothorax with light
brown medial stripe; R,, R+M+Cu fork brown.

Dimensions. Male: entire length 3.7; body: length
1.7, width 0.5; anterior wing: 1length 3.2, width 1.2.
Female: entire length 4.2; body: 1length 1.7, width 0.7;
anterior wing: length 3.6, width 1.3.

Color. General color pale brown. Head: markings
absent; antennae with terminal segment brown. Thorax:
pronotum brown along anterior margin; mesothoracic
prescutum, scutum with light brown medial stripe. Wings:
hyaline, radular spines brown, R,, R+M+Cu junction dark
brown. Legs: metacoxae, tibiae, tarsi light brown, tibia
with 2 brown apical spurs. Abdomen: brown dorsally, male
parameres brown, female proctiger, subgenital plate withou
markings.

Morphological description. Head: small, occurring
below prescutum, declivous; vertex with anterior margin
obtuse, extending beyond anterior ocellus on each side,
depressions on each side of vertex midline; genae swollen.

Thorax: arched, somewhat hispid. Wings: anterior wing
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length little more than 2x width, posterior wing 3/4 length
of anterior wing. Legs: metatibiae with basal callus, 2
apical spines. Abdomen: male, proctiger wing like in
posterior view, parameres arched anteriorly with tip
posteriorly curved (Figs. 22, A-B); female, proctiger
notched above, with apex nipple like, subgenital plate

stout (Fig. 22, C).

ITMMATURE STAGES.
FIRST INSTAR (Fig. 23; 28, A; 29, A).

Dimensions. Length 0.36-0.40; width 0.24-0.26.

Shape. Elliptical; meso-, metathorax produced
laterally.

Margin. Specialized structures absent.

Dorsum. Sclerotization: weak:; head, thorax fused,
divided into lateral halves, cephaloprothorax partially
separated from mesothorax by distinct submarginal suture;
wingpads absent; abdomen separated by distinct submarginal
suture, segments fused. Indumenta: sectasetae borne on
short protuberances in two rows, with inner row poorly
defined; outer admarginal row consisting of relatively stout
sectasetae (Fig. 28, A, lower right), moderately
dorsoventrally compressed, sparse, apex emarginate, distal
portion 1/3 entire length; inner row consisting of few,
elongate sectasetae (Fig. 28, A, lower left), apex

emarginate, distal portion about 1/2 entire length, with 2
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sectasetae on each side of cephaloprothorax, 1 on each side
metathorax, 2 on each side of abdominal apex. Setae (Fig.
28, A, upper) simple, few, small, equal in length.
Cuticular structures: spinules in transverse band on meso-,
metathorax, each abdominal segment. Minute points absent.
Venter. Sclerotization: absent except for cuticular
structures, circumanal pore ring plate. Indumenta: setae
simple, few, sparse, subequal in length; cephaloprothorax
with 2 long setae on each side; abdomen with elongate seta
on apical segment, anterior to circumanal pore ring on each
side; circumanal pore ring surrounded by 2 setae on each
side, with 1 anterior, 1 posterior. Cuticular structures:
spinules in short transverse band across abdominal segments,
alternating with short transverse band of minute points;
minute points dense in submarginal region of body, short
band submedially on each abdominal segment. Antennae:
short, ventral, narrowly triangular, 1 segmented; with 4
setae, 1 elongate, blunt apical seta, 1 long, subapical
seta, 1 subapical specialized seta, 1 long seta near base,
with 3 sensoria, 2 subapical bearing stout seta-like
structures, dorsal sensorium near base. Labium: basal
segment with small seta on each side. Legs: relatively
stout, trochanter undefined; femora not reaching margin of
body; tibiotarsal articulations absent; claws present;
pulvillus somewhat elliptical; setae few, simple, subequal

in length, long capitate subapical seta on tibiotarsi:;



59
spinules sparse; femora with 2 basal sensoria near base.
Circumanal pore ring: ventral, consisting of single row of

circular pores (Fig. 29, A).

SECOND INSTAR (Figs. 24; 28, D; 29, B).

Dimensions. Length 0.52-0.56; width 0.40-0.43.

Shape. Elliptical; cephaloprothorax anteriorly
produced on each side; wingpads laterally produced.

Dorsum. Indumenta: sectasetae (Fig. 28, D lower)
dorsoventrally compressed, stout, in admarginal row on body,
apex emarginate, distal portion 1/3 entire length. Setae
(Fig. 28, D upper) more numerous on head, thorax. Cuticular
structures: spinules absent on meso-, metathorax; in
transverse band on each abdominal segment extending toward
margin.

Venter. Indumenta: cephaloprothorax with 3 setae on
each side; abdomen with seta near each spiracle, 1-2 setae
submedially on most abdominal segments, apical segment with
2 elongate setae lateral to circumanal pore ring on each
side. cCuticular structures: spinules similar in pattern to
first instar (not illustrated). Antennae: resembling first
instar. Circumanal pore ring (Fig. 29, B): inner row

composed of single row of circular pores.

THIRD INSTAR (Figs. 25; 28, G; 29, C).

Dimensions. Length 0.75-0.84; width 0.61-0.64.
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Shape. Posterior wing pads laterally produced;
abdominal apex weakly emarginate.

Dorsum. Indumenta: sectasetae (Fig. 28, G, lower).
Setae (Fig. 28, G, upper) many, scattered on head, thorax,
several on abdomen.

Venter. Indumenta: cephaloprothorax with 4 setae on
each side; abdomen with 3 longitudinal rows on each side,
apical abdominal segment with 3 enlarged setae anterolateral
to circumanal pore ring on each side. Antennae: three
segmented; basal segment with 1 specialized seta near apex,
with 2 sensoria, 1 dorsal near base, 1 medial; apical
segment with 2 setae, 1 blunt apical, 1 long subapical, with

2 subapical sensoria with seta-like structures. Circumanal

pore ring (Fig. 29, C).

FOURTH INSTAR (Figs. 26; 28, J; 29, D).

Dimensions. Length 1.27-1.31; width 0.98-1.02.

Dorsum. Sclerotization: wingpads defined by sutures.
Indumenta: sectasetae (Fig. 28, J, lower). Setae (Fig. 28,
J, upper) numerous, scattered over entire dorsum. Cuticular
structures: spinules scattered over submarginal region of
abdomen.

Venter. Antennae: five segmented; basal segment with
2 sensoria, 1 dorsal near base, 1 subapical; second segment
with 1 subapical sensorium; third segment with 1 subapical

specialized seta; apical segment resembling apical segment
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of third instar except for presence of 2 dorsal, 1 medial
sensorium. Legs: profemora with 2, mesofemora with 3,
metafemora with 4 sensoria near base. Circumanal pore ring

(Fig. 29, D).

FIFTH INSTAR (Figs. 27; 28, M; 29, E).

Dimensions. Length 2.00~2.12; width 1.59-1.70.

Dorsum. Indumenta: sectasetae (Figs. 28, M, lower).
Setae (Fig. 28, M, upper) more numerous than fourth instar.

Venter. Indumenta: setae on abdomen in cluster of 3-4
arranged in submedial longitudinal row on each side.
Antennae: six segmented; basal segment with 2 dorsal setae,
1 submedial, 1 subapical, with 2 sensoria, 1 dorsal near
base, 1 subapical; second segment with 1 subapical seta,
with 1 subapical sensorium; third segment with 1 subapical
sensorium; fourth segment with 1 subapical specialized seta:;
fifth segment without setae, sensoria; apical segment
resembling fourth instar. Legs: pro-, mesofemora with 4,

metafemora with 5 sensoria near base. Circumanal pore ring:

(Fig. 29, E).

TYPES.
Holotype male, allotype female, Hawaii, Kauai I.,
Kokee, Lapa Picnic Area, 28.11.1988, ex Pisonia

sandwicensis, G. K. Uchida (BISHOP). Paratypes with same

locality data as holotype, 2 males, 2 females, and 21 nymphs
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(5 I, 4 II, 4 III, 4 IV, 4 V).

Kuwayama "oahuensis" n. sp.

(Figs. 28, B, E, H, K, N; 30, A-E).

Type locality: Puu Kaua, Oahu Island.

Endemic. Oahu Island.

Host: Free-living on ventral surface of Pisonia

sandwicensis Hillebrand.

ADULT STAGE.

Diagnosis. M vein of this species forks proximal to
straight line connecting distal ends of Rs, Cu,, differing
from K. "ventralis," K. "lanaiensis." Differing from K.

ventrophila by absence of markings on dorsum of mesothorax,

wings, absent; but similar to K. "lanaiensis."

Dimensions. Male: entire length 3.7; body: length
1.7, width 0.5; anterior wing: length 3.2, width 1.2.
Female: entire length 4.3; body: length 1.9, width 0.6;
anterior wing: length 3.6, width 1.4.

Color. General color pale brown. Head: markings
absent, antenna terminal segments brown. Thorax: markings
absent. Wings: markings absent. Legs: tibia with 2 brown
spurs. Abdomen: brown dorsally; male, forceps brown
apically; female, anal valves without markings.

Morphological description: Fitting description of K.

ventrophila.
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IMMATURE STAGES.

FIRST INSTAR (Figs. 28, B; 30, A).

Dimensions. Length 0.37-0.40; width 0.24-0.25.

Dorsum. Indumenta: sectasetae admarginal, weakly
fusiform, apex emarginate, uniordinate, sectasetae (Fig. 28,

B, lower left) corresponding in position of inner row of

sectasetae (Fig. 28. A, lower left) of K. ventrophila with
distal portion about 1/2 entire length, remaining
sectasetae (Fig. 28, B, lower right) with distal portion
about 1/3 entire length. Setae (Fig. 28, B, upper).

Venter. Circumanal pore ring (Fig. 30, A).

SECOND INSTAR (Figs. 28, E; 29, B).

Dimensions. Length 0.53-0.55; width 0.40-0.41.

Dorsum. Indumenta: sectasetae (Fig. 28, E, lower)
with distal portion about 1/3 entire length. Setae (Fig.

28, E, upper). Circumanal pore ring (Fig. 30, B).

THIRD INSTAR (Figs. 8, H; 30, C).

Dimensions. Length 0.79-0.82; width 0.61-0.64.

Dorsum. Indumenta: sectasetae (Fig. 28, H, lower).
Setae (Fig. 28, H, upper).

Venter. Circumanal pore ring (Fig. 30, C).

FOURTH INSTAR (Figs. 28, K; 30, D).

Dimensions. Length 1.32-1.36; width 0.98-1.00.
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Dorsum. Indumenta: sectasetae (Fig. 28, K, lower).

Setae (Fig. 28, K, upper).

Venter. Circumanal pore ring (Fig. 30, D).

FIFTH INSTAR (Figs. 28, N; 30, E).

Dimensions. Length 1.96-2.20; width 1.53-1.66.

Dorsum. Indumenta: sectasetae (Fig. 28, N, lower).
Setae (Fig. 28, N, upper).

Venter. Circumanal pore ring (Fig. 30, E).

TYPES.

Holotype male, allotype female, Hawaii, Oahu I., gulch

below Puu Kaua, 19.ii.1989, ex Pisonia sandwicensis, G. K.

Uchida (BISHOP). Paratypes, 4 males, 5 females, 15 nymphs

(3 I, 3 II, 3 III, 3 IV, 4 V), same locality data as

holotype.

Kuwayama "lanaiensis" n. sp.

(Figs. 28, ¢, F, I, L, O; 30, A-E).
Type locality: North Hauola Ridge, Lanai I.

Endemic. Lanai I.

Host: free-living on ventral surface of Pisonia

sandwicensis Hillebrand.

ADULT STAGE.

Diagnosis. M vein of this species forks on straight
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line connecting distal ends of Rs, Cu,, similar to K.
ventralis, but differing from K. oahuensis. Differing from

K. ventrophila by the absence of markings on dorsum of

mesothorax, wings; but similar to K. "oahuensis".
Dimensions. Male: entire length 2.8; body: length
1.5, width 2.2; anterior wing: 1length 2.2, width 0.9.
Female: entire length 3.2; body: length 1.5, width 0.5;
anterior wing: length 2.6, width 1.1.
Color. Fitting description of K. "oahuensis".
Morphological description. Fitting description of K.

"ventrophila'.

IMMATURE STAGES.

FIRST INSTAR (Figs. 28, C; 31, A).

Dimensions. Length 0.37-0.38; width 0.23-0.24.

Dorsum. Indumenta: sectasetae admarginal, weakly
fusiform, uniordinate, sectasetae (Fig. 28, C, lower left)
corresponding in position to inner row of sectasetae (Fig.

28, A, lower left) of K. ventrophila, admarginal sectasetae

(Fig. 8, C, lower right) with distal portion about 1/4

entire length. Setae (Fig. 28, C, upper).

Venter. Circumanal pore ring (Fig. 31, A).

SECOND INSTAR (Figs. 28, F; 31, B).
Dimensions. Length 0.52-0.54; width 0.37-0.41.

Dorsum. Indumenta: sectasetae (Fig. 28, F, lower).
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Setae (Fig. 28, F, upper).

Venter. Circumanal pore ring (Fig. 31, B).

THIRD INSTAR (Figs. 28, I; 31, C).
Dimensions. Length 0.77-0.81; width 0.55-0.58.
Dorsum. Indumenta: sectasetae (Fig. 28, I, lower).

Setae (Fig. 28, I, upper).

Venter. Circumanal pore ring (Fig. 31, C).

FOURTH INSTAR (Figs. 28, L; 31, D).

Dimensions. Length 1.11-1.12; width 0.80-0.82.

Dorsum. Indumenta: sectasetae (Fig. 28, L, lower).
Setae (Fig. 28, L, upper).

Venter. Circumanal pore ring (Fig. 31, D).

FIFTH INSTAR (Figs. 28, 0; 31, E).
Dimensions. Length 1.74; width 1.30.

Dorsum. Indumenta: sectasetae (Fig. 28, 0, lower).

Setae (Fig. 28, O, upper).

Venter. Circumanal pore ring (Fig. 31, E).

TYPES.

Holotype male, allotype female, Hawaii, Lanai I., North

Hauola Ridge, 12,vi.1989, ex Pisonia sandwicensis, G. K.

Uchida & J. Lau (BISHOP). Paratypes, 1 male, 2 females,
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nymphs (4 I, 3 II, 4 III, 2 IV, 1 V), same locality data as

holotype.

Megatrioza Crawford.

Megatrioza Crawford 1918, Proc. Hawaii. Entomol. Soc. 3:452-
454.

Trioza, Tuthill 1943, Iowa St. Coll. J. Sci. 17:546-548,

Trioza, Hollis 1984, Bull. Br. Mus. (Nat. Hist.) Entomol.
49:2.

Megatrioza, Uchida and Beardsley 1988, Proc. Hawaii.
Entomol. Soc. 28:57-100.

Diagnosis. Metatibiae with basal spur; genal cones short,

subacute, divergent.

The genus Megatrioza consists of 4 Hawaiian species on

the host Pritchardia spp. (Crawford 1918, Uchida and

Beardsley 1988). The species described here is the first

record of Megatrioza on the host plants Zanthoxylum

kauaensis and Zanthoxylum hawaiiensis.

Keys to the adult and immature stages of Megatrioza

palmicola complex (Uchida and Beardsley 1988) and a new

species, Megatrioza xanthoxyli, with descriptions of the

adult and immature stages of the latter species are provided

below.
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Key to the Adults of Hawaiian Megatrioza

1. Wing apex blunt, M, , terminating at costa
posterior to wing apex. . . . . palmicola complex®

- Wing apex acutely pointed, M,,, terminating

at costa anterior to wing apex. .xanthoxyli n. sp.

Key to the Immatures of Hawaiian Megatrioza

FIRST INSTAR
1. Meso-, metathorax with marginal flattened
spine like structures. . . . . . . . palmicola complex®
- Meso-, metathorax with marginal flattened

spine like structures absent. . . . . xanthoxyli n. sp.

SECOND, THIRD, FOURTH, FIFTH INSTARS

1. Admarginal sectasetae on cephaloprothorax,

abdomen with apex truncate . . . . . .xanthoxyli n. sp.
- Not as above . . . . . . . . . . . . .palmicola complex

3 For a key to the described species in this complex see Uchida
and Beardsley 1988.

4 For a key to the described species in this complex see Uchida
and Beardsley 1988.
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Megatrioza "zanthoxyli" n. sp.

(Figs. 32-33).

Type locality: Olaa Forest Reserve, Hawaii Island.
Holotype female and allotype male deposited in B. P. Bishop
Museum.

Endemic. Hawaii Island.

Hosts: nymphs free living on dorsal surface of leaves of

Zanthoxyvlum hawaiiensis Hillebrand and Zanthoxylum kauaense

A. Gray.
Etymology. The specific epithet is the genitive of

Zanthoxylum, the genus name of the host of this species.

ADULT STAGE. (Fig. 32).

Diagnosis. Differing from Megatrioza palmicola complex

by having M,,, vein intersects costa anterior to wing apex.

Dimensions. Male: entire length 2.9; body: length
1.3, width 0.5; anterior wing: 1length 2.4, width 0.8.
Female: entire length 3.1; body: length 1.6, width 0.5;
anterior wing: 1length 2.6, width 1.0.

Color. General color light brown with brown markings.
Head: antennae flagellum nearly entirely dark brown except
for basal segment; vertex dark brown; ocelli reddish; eyes
black; clypeus brown. Thorax: pronotum dark brown; with
prescutum with large dark brown spot anteromedially, with
scutum with submedial, triangular mark on each side. Wings:

hyaline, veins noticeably brown. Legs: pro-, mesofemora
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with brown apical stripe, tibiae, tarsi dark brown;
metafemora with brown lateral stripe, tibiae brown basally
including basal spur, apically, basal tarsal segment brown,
apical segment dark brown. Abdomen: dorsal aspect brown;
male anal valve brown, forceps dark brown; female with
dorsal, ventral valves dark brown apically.

Morphological description. Head: positiconed below
prescutum, declivous; antennae 10 segmented; vertex half as
long as wide, anterior margin not extending beyond anterior
ocelli; genae conical, short, about as long as wide.
Thorax: arched. Wings: M, , intersects costa anterior to
wing apex. Legs: metatibiae with basal spur reduced in
size, with 2 apical spurs, outer spur simple, inner spur
bifid. Abdomen: male (Fig. 32, A) wifh proctiger stout,
truncate apically, parameres relatively stout, anteriorly
directed; female (Fig. 32, B) proctiger triangular,

subgenital plate weakly notched ventrally.

IMMATURE STAGES.

FIRST INSTAR (Figs. 33, A, F, K, P).

Dimensions. Length 0.30; width 0.14-0.18

Shape. Elongate-obovate.

Margin. Specialized structures absent.

Dorsum. Sclerotization: weak; head fused with
prothorax, separated from meso-, metathorax by distinct

obarcuate suture; wingpads absent; abdomen well defined,
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separated by distinct suture, first three segments separated
by distinct suture, remaining posterior segments fused.
Indumenta: sectasetae (Figs. 33, A, F, K) borne on short
protuberances, stout to moderately stout, dorsoventrally
compressed, apex truncate, emarginate, cephaloprothorax,
abdomen with admarginal row, meso-, metathorax each with 1
sectaseta on each side. Setae simple, few, arranged in
uneven longitudinal row on each side of body. Cuticular
structures: convex, blister-like protuberances absent.
Minute points absent.

Venter. Indumenta: circumanal pore ring surrounded by
3 setae on each side, with 1 anterior, 2 posterior.
Antennae: elongate. Clypeus: basal setae absent. Legs:

slender. Circumanal pore ring (Fig. 33, P).

SECOND INSTAR (Figs. 33, B, G, L, Q).

Dimensions. Length 0.39-0.42; width 0.28-0.32.

Dorsum. Indumenta: sectasetae (Figs. 33, B, G, L).
Setae simple, reduced in size, few, scattered; circumanal
pore ring surrounded by 5 setae on each side, 2 anterior, 1
lateral, 2 posterior.

Venter. Indumenta: cephaloprothorax with 2 setae on
each side; abdomen with submarginal row setae. Antennae:
one segmented, resembling antennae of first instar. Legs:

relatively stout. Circumanal pore ring (Fig. 33, Q).
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THIRD INSTAR (Figs. 33, C, H, M, R).

Dimensions. Length 0.61; width 0.44-0.47.

Shape. Somewhat elliptical; cephaloprothorax
anteriorly produced on each side, anterior, posterior
wingpads each well defined, laterally produced, abdominal
apex weakly emarginate.

Dorsum. Indumenta: sectasetae (Figs. 33, C, H, M).

Venter. Indumenta: cephaloprothorax with 3 setae on
each side, subequal in length; 4 distal abdominal segments
with few setae on each segment. Antennae: one segmented;
resembling second instar antennae, except for 1 sensorium
present below specialized seta. Circumanal pore ring (Fig.

33, R).

FOURTH INSTAR (Figs. 33, D, I, N, S).

Dimensions. Length 0.87-0.91; width 0.71-0.75).

Dorsum. Indumenta: sectasetae (Fig. 33, D, I, N).
Setae minute, many scattered over dorsum.

Venter. Antennae: resembling second instar antennae,
except with 2 sensoria below specialized seta. Legs:
femora with 3 sensoria near base. Circumanal

pore ring (Fig. 33, S).

FIFTH INSTAR (Figs. 33, E, J, 0, T).
Dimensions. Length 1.31-1.41; width 1.12-1.19.

Dorsum. Indumenta: sectasetae (Fig. 33, E, J, 0).
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Setae numerous, scattered.

Venter. Indumenta: cephaloprothorax with 4 setae on
each side; circumanal pore ring surrounded by 6 setae on
each side, with 2 anterior, 2 lateral, 3 posterior.
Antennae: resembling fourth instar antennae, except 2
segmented, separation occurring just above specialized seta.

Circumanal pore ring (Fig. 33, T).

TYPES.

Holotype male, Hawaii, Hawaii I.: Olaa Forest Reserve,

3800', 26.%xi.1988, ex Zanthoxylum kauaense, G. K. Uchida;

allotype female, Bobcat Trail, 5200', 25.x1i.1988, ex

Zanthoxylum hawaiiensis, G. K. Uchida (BISHOP). Paratypes,

1 male, 1 female, locality data same as holotype; 1 male, 20

nymphs (3 I, 5 II, 4 III, 5 IV, 3 V), locality data same as

allotype.

Swezeyana Caldwell.

Swezeyana Caldwell 1940, Proc. Hawaii. Entomol. Soc. 10:389-
397.

Diagnosis. Radius of forewing obscure or absent; genal

cones long, slender, ventrally directed, curving anteriorly.

Caldwell (1940) proposed the genus Swezeyanha and

described 2 species Swezeyana elongagena Caldwell and

Swezeyana reticulata Caldwell. Zimmerman (1948b) considered




this genus as related to the Hawaiian species of Trioza.
Tuthill (1966) identified two species of nymphs collected

from Awahi, Maui on Sideroxylon (=Pouteria) as S. elongadgena

and S. reticulata. However, we consider both of these
species as undescribed. Included in the paratype collection
of S. elongagena is a fifth instar nymph. Although this
specimen was not labeled as a paratype, the locality data
was the same as the paratype labels and the nymph does not
possess a mesh of wax filaments, which is characteristics of
the nymphs identified as S. elongagena by Tuthill. The
nymphs of S. reticulata was described by Tuthill to possess
large dorsal protuberances. Nymphs with these structures
appear to belong to another species group of Swezeyana since
these structures are not present on the nymphs of the S.
elongagena group described below. More likely, the nymphs
with these structures make up a distinct Swezeyana species
group.

Species keys to the adult and immature stages with

descriptions of the immature stages of S. elongagena and S.

reticulata, and a new species, Swezeyana oahuensis, are

provided below and are referred to as the Swezeyana

elongagena group.

Key to the Adults of Swezeyana

1. Radius not connected to costa, with
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translucent veins (pseudoveins) between

costa and radial sector . . . . . . . . . . . . . .2
- Radius connected to costa, with brown

veins (true veins) connecting costa

with radial sector. . . . . . . .reticulata Caldwell
2(1). Body light brown without markings
« « + « + « . . oahuensis n. sp.
- Body light brown with distinct brown markings

c 4 ¢ & « 4 = 4 4 « o« s+ « s +« « .elongagena Caldwell

Key to the Immature Stages of Swezeyana

FIRST INSTAR
Length 0.30-0.45; width 0.18-0.27
1. Admarginal sectasetae nearly linear,

dorsal modified sectasetae clavate

(Fig. 40, A lower) . . . . . . . reticulata Caldwell
- Not as above. . . . ¢« ¢ ¢« ¢ v ¢ ¢ o ¢ ¢ « v v . W2
2(1). Admarginal sectasetae lanceolate

(Fig. 40, B lower) . . . . . . . . oahuensis n. sp.

- Admarginal sectasetae setaceous

(Fig. 40, C lower) . . . . . . . elongagena Caldwell

SECOND INSTAR

Length 0.50-0.68; width 0.33-0.47;




2(1).

Third:
Fourth:
Fifth:

1.

2(1).
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Admarginal sectasetae weakly lanceolate,

dorsal modified sectasetae clavate

(Fig. 40, D lower) . . . . . . .reticulata Caldwell
Not as above. . . . . . + ¢ ¢ ¢ ¢ ¢ ¢ ¢ 4 o v . . 2

Admarginal sectasetae dorsoventrally
compressed (Fig. 40, E lower) . . .oahuensis n. sp.
Admarginal modified sectasetae widely

spathulate (Fig. 40, F lower) . elongagena Caldwell

THIRD, FOURTH AND FIFTH INSTAR

length 0.67-1.05; width 0.45-0.73;
length 1.14~1.59; width 0.79-1.11;
length 1.84-2.66; width 1.25-1.84;
Admarginal sectasetae weakly lanceolate,
dorsal modified sectasetae clavate
(Figs. 40, G lower (third instar),
J lower (fourth instar), M lower

(fifth instar)) . . . . . . . . reticulata Caldwell

Not as above. . v ¢« ¢ o o o o o o o o o o « o o« « 2

Admarginal sectasetae dorsoventrally

compressed (Figs. 40, H lower (third

instar, K lower (fourth instar),

N lower (fifth instar)). . . . . . ocahuensis n. sp.

Admarginal modified sectasetae widely
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spathulate, dorsal modified sectasetae
clavate (Figs. 40, I lower (third
instar), L lower (fourth instar),

O lower (fifth instar)). . . . .elongagena Caldwell

Swezevana elongagena Caldwell

(Figs. 40, C, F, I, L, 0; 41, K-0).

Swezevana elongagena Caldwell, 1940. Proc. Hawaii. Entomol.

Soc. 10:390.
Type locality: Haelaau, Maui Island.
Holotype male allotype female located in B. P. Bishop
Museum.
Endemic. Maui Island.
Host: nymphs free-living on both surfaces of leaves of

Sideroxylon (=Pouteria).

ADULT STAGE.

Diagnosis. Differing from S. oahuensis, S. reticulata
by having radius of anterior wing not connected to costa,
with 1 or more translucent veins (pseudoveins) between
costa, radial sector; body with brown markings, with short,

triangular mark on anterior half of prescutum on each side.

IMMATURE STAGES.
FIRST INSTAR (Figs. 40, A; 41, K).

Dimensions. Length 0.42-0.45; width 0.27.
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Shape. Somewhat obovate.

Margin. Specialized structures absent.

Dorsum. Sclerotization: pronounced; head, thoracic
segments fused, undivided into lateral halves; wingpads
absent; abdomen distinct, basal segment separated from
thorax, rest of abdomen by distinct sutures. Indumenta:
sectasetae modified, acicular, marginal (Fig. 40, C, lower).
Setae (Fig. 40, C, upper) simple, on each side of dorsum.
Cuticular structures: spinules in short transverse band on
each side of meso-, metathorax; in long transverse row on
each abdominal segment, nearly reaching margin. Minute
points absent.

Venter. Sclerotization: absent except for cuticular
structures, circumanal pore ring plate. Indumenta: setae
simple, few, subequal in length; cephaloprothorax with 2
long setae on each side; abdomen with 1 seta anterior to
circumanal pore ring on each side; circumanal pore ring
guarded by 2 posterior setae. Cuticular structures:
spinules in short, narrow transverse band across each
abdominal segment. Minute points numerous, densely
distributed along submargin of body. Antennae: relatively
short, one segmented, ventral; bearing 3 setae, with 1
enlarged blunt apical seta, 1 elongate submedial seta, 1
submedial specialized seta, with submedial sensorium with
stout seta like projection below elongate seta, dorsal

sensorium near base. Labium: with pair of basal setae.
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Legs: relatively stout; trochanter undefined; femora not
reaching body margin; tibiotarsal articulations absent:
claws present; pulvillus somewhat reniform; setae simple,
few, subequal in length, tibiotarsi with subapical capitate
seta with bent apex; spinules sparse (not illustrated);
femora each with 2 basal sensoria. Circumanal pore ring:

ventral, composed of single row of pores (Fig. 41, K).

SECOND INSTAR (Figs. 40, F; 41, L).

Dimensions. Length 0.68; width 0.47.

Shape. Elliptical.

Dorsum. Indumenta: marginal sectasetae modified,
flattened, somewhat broadly fan-shaped (Fig. 40, F, lower).
Modified dorsal sectasetae (Fig. 40, F, middle) simple,
reduced in size, base enlarged. Setae minute (Fig. 40, F,
upper). Cuticular structures: spinules absent on meso-,
metathorax; short narrow transverse bands across each
abdominal segment, scattered at abdominal apex. Minute
points absent.

Venter. Indumenta: setae reduced in size, 3 on
cephaloprothorax; abdomen with 1 submedial, 1 submarginal
row on each side. Cuticular structures: minute points
extend toward spiracles on each abdominal segment.

Antennae: resembling first instar except for presence of
sensorium below elongate seta absent. Circumanal pore ring:

surrounded by 4 setae, 2 anterior, 2 posterior; inner ring
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composed of single row of pores (Fig. 41, L).

THIRD INSTAR (Figs. 40, I; 41, M).

Dimensions. Length 1.00-1.05; width 0.70-0.73.

Dorsum. Indumenta: marginal modified sectasetae (Fig.
40, I, lower); modified dorsal sectasetae (Fig. 40, I,
middle) clavate. Setae (Fig. 40, I, upper). Cuticular
structures: crater-like depressions on medial 1/3 of
dorsum, narrow medial strip on abdomen without crater-like
depressions.

Venter. Indumenta: setae in row extending across each
abdominal segment. Antennae: apparently 1 segmented;
resembling second instar antenna except for presence of 1
seta present near base, with 1 sensorium below specialized

seta. Circumanal pore ring (Fig. 41, M).

FOURTH INSTAR (Figs. 40, L; 41, N).
Dimensions. Length 1.55-1.59; width 0.1.09-1.11.
Dorsum. Indumenta: marginal modified sectasetae (Fig.
40, L, lower); modified dorsal sectasetae (Fig. 40, L,
middle). Setae (Fig. 40, L. upper).

Venter. Indumenta: seta adjacent each spiracle.
Antennae: resembling third instar antenna, except for
presence of 3 ventrolateral setae in longitudinal row.

Circumanal pore ring (Fig. 41, N).
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FIFTH INSTAR (Figs. 40, O; 41; O).

Dimensions. Length 2.66; width 1.84.

Dorsum. Indumenta: sectasetae (Fig. 40, O, lower).
Modified sectasetae (Fig. 40, O, middle). Setae (Fig. 40,
O, upper). Cuticular structures: crater-like structures
wide spread on abdomen.

Venter. Indumenta: cephaloprothorax with four setae
on each side. Antennae: resembling fourth instar antenna
except for presence of 4 setae present in longitudinal row,
2 sensoria below specialized seta. Legs: tibiotarsal
articulations present; profemora with 3, meso-, metafemora
with 4 sensoria near base. Circumanal pore ring (Fig. 41,

0).

TYPES.

Holotype male, allotype female (BISHOP 5540), Haelaau,

Maui, 12-19-28; Sideroxylon (=Pouteria); 0. H. Swezey

Collector. Paratypes 5 males, 4 females same locality data

as holotype.

OTHER SPECIMENS EXAMINED.

One nymph (1 V) same locality data as holotype, 1 male,
2 females, 10 nymphs (3 I, 1 II, 3 III, 2 IV, 1 V) labeled:
Hawaii, Maui I., gulch south of Kapilau Ridge, 23.1.1989,

2300", ex Planchonella (Pouteria), G. K. Uchida & J. Lau.
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Swezevana reticulata Caldwell

(Figs. 36-39; 40, A, D, G, J, M; 41, A-E).

Swezeyana reticulata Caldwell, 1940. Proc. Hawaii. Entomol.

Soc. 10:390-391.
Type locality: Kalalau Trail, Kauai Island.
Holotype male and allotype female located in B. P. Bishop
Museum.
Endemic. Kauai Island.
Host: nymphs free living on venter of young leaves of

Sideroxylon (=Pouteria).

ADULT STAGE.

Diagnosis. Differing from S. elongagena, S. ocahuensis
by having radius of anterior wings connected to costa, with
4-6 brown cross veins (true veins) connecting costa with

radial sector, prescutum with narrow, brown, longitudinal

stripe on each side of prescutum.

IMMATURE STAGES.
FIRST INSTAR (Figs. 36, A; 41, A).

Dimensions. Length 0.30; width 0.18.

Dorsum. Sclerotization: weak. Indumenta: sectasetae
biordinate; outer admarginal row (Fig. 36, A lower)
consisting of narrowly lanceolate sectasetae with truncate
apex; inner row sparse, enlarged, with 2 on

cephaloprothorax, 1 on metathorax, 1 posteriorly on abdomen



on each side. Modified sectasetae (Fig. 36, A upper)
reduced in size with enlarged base, capitate, in
longitudinal row on each side of body. Setae absent.

Venter. Circumanal pore ring (Fig. 41, K). Ventral.

SECOND INSTAR (Figs. 37; 41, D; 42, B).

Dimensions. Length 0.50; width 0.33.

Dorsum. Indumenta: sectasetae small, widely
separated, uniordinate (Fig. 41, D, lower). Modified
sectasetae (Fig. 41, _ middle) clavate, in 1 longitudinal
row on each side of body. Setae (Fig. 41, D, upper),
simple, small, 3 longitudinal rows on each side of thorax,
longitudinal rows on each side of abdomen.

Vanter. Circumanal pore ring (Fig. 42, B).

THIRD INSTAR (Figs. 38; 41, G; 42, C).

Dimensions. Length 1.67; width 0.45.

Dorsum. Indumenta: sectasetae (Fig. 41, G, lower).
Modified sectasetae (Fig. 41, G, middle) clavate, in 3
somewhat distinct rows on head+thorax, may be present near
midline on abdomen. Setae (Fig. 41, G, upper) many,
scattered on dorsum. Cuticular structures: tubercle-like
structure arranged in row on wing pads on each side.

Venter. Circumanal pore ring (Fig. 42, C).

83
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FOURTH INSTAR (Figs. 39; 41, J; 42, D).

Dimensions. Length 1.14; width 0.79.

Dorsum. Indumenta: sectasetae (Fig. 41 J, lower).
Modified sectasetae (Fig. 41, J, middle) more numerous,
scattered on dorsum. Setae (Fig. 41, J, upper) scattered
over dorsum.

Venter. Circumanal pore ring (Fig. 42, D).

FIFTH INSTAR (Figs. 40; 41, K; 42, E).
Dimensions. Length 1.84; width 1.25.
Dorsum. Indumenta: sectasetae (Fig. 41, 0O, lower).
Modified sectasetae (Fig. 41, O, middle). Setae (Fig. 41,
O, upper).

Venter. Circumanal pore ring (Fig. 42, E).

TYPES.

Holotype male, allotype female (Bishop 5541), Kalalau

Trail, Kaual 6.23.'32; 0. H. Swezey Collector; Sideroxylon
(=Pouteria). Paratypes, 4 males, 8 females same locality

data as holotype.

OTHER SPECIMENS EXAMINED.
Hawaii, Kauai I., Awaawapuhi Trail, 17.x.1987, ex

Planchonella (=Pouteria), G. K. Uchida, 4 males, 6 females,

6 nymphs (1 1, 1 II, 1 III, 1 IV, 1 V).
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Swezevana "“cahuensis" n. sp.

(Figs. 34, 40, B, E, H, K, N; 41, F-J).
Type locality: Aiea, Oahu Island.
Endemic. Oahu Island.

Host: Pouteria sandwicensis (A. Gray) Baehni & Degener.

ADULT STAGE.

Diagnosis. Differing from S. elongagena, S. reticulata
by having radius of anterior wings not connected to costa,
translucent crossveins (pseudoveins) between costa and
radial sector; body light brown without markings.

Dimensions. Male: entire length 2.8; body: length
1.8, width 0.7; anterior wing: length 2.2, width 0.7.
Female: entire length 3.4; body: length 2.0, width 0.7;
anterior wing: length 2.6, width 0.7.

Color. General color pale brown, body without
markings. Head: Antennae with terminal segment brown.

Morphological description: male proctiger (Fig. 34, A)
acute apically, parameres stout, arched anteriorly; female

(Fig. 34. B) proctiger, subgenital plate stout, short.

IMMATURE STAGES.
FIRST INSTAR (Figs. 40, B; 41, F).
Dimensions. Length 0.38-0.40; width 0.24-0.25.
Dorsum. Sclerotization: weak. Indumenta: sectasetae

relatively stout, fusiform, uniordinate, apex truncate (Fig.
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40, B, lower). Modified sectasetae (Fig. 40, B, upper)

simple, acicular.

Venter. cCircumanal pore ring (Fig. 41, F).

SECOND INSTAR (Figs. 40, E; 41, G).
Dimensions. Length 0.55-0.63; width 0.37-0.43.
Dorsum. Indumenta: sectasetae dorsoventrally

compressed (Fig. 40, E, lower). Modified sectasetae (Fig.
40, E, center) clavate, reduced in size with enlarged base.
Setae (Fig. 40, E, upper).

Venter. Circumanal pore ring (Fig. 41, G).

THIRD INSTAR (Figs. 40, H; 41, H).
Dimensions. Length 0.79-0.97; width 0.61-0.66.
Dorsum. Indumenta: sectasetae (Fig. 40, H, lower).

Modified sectasetae (Fig. 40, H, center). Setae (Fig. 40,
H, upper).

Venter. Circumanal pore ring (Fig. 41, H).

FOURTH INSTAR (Figs. 40, K; 41, I).
Dimensions. Length 1.35-1.48; width 0.93-1.03.
Dorsum. Indumenta: sectasetae (Fig. 40, K, lower).

Modified sectasetae (Fig. 40, K, center). Setae (Fig. 40,
K, upper).

Venter. Circumanal pore ring (Fig. 41, I).
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FIFTH INSTAR (Figs. 40, N; 41, J).
Dimensions. Length 2.14~2.20; width 1.37-1.41.
Dorsum. Indumenta: sectasetae (Fig. 40, N, lower).

Modified sectasetae (Fig. 40, N, center). Setae (Fig. 40,
N, upper).

Venter. Circumanal pore ring (Fig. 41, J).

TYPES.

Holotype male, Hawaii, Oahu I., Aiea Loop Trail, 1600',

5.11.1989, reared ex Pouteria sandwicensis, G. K. Uchida;

allotype female labeled: Hawaii, Oahu I., Aiea Loop Trail,

1600', 22.xii.1988, reared ex Pouteria sandwicensis, G. K.
Uchida (BISHOP). Paratypes, 4 males, 7 females, sane
locality data as allotype, 1 male, same locality data as
holotype; 32 nymphs (9 I, 7 II, 8 III, 6 IV, 2 V) Hawaii,
Oahu I., Aiea Loop Trail, 1600', 15.x1ii.1988, reared ex

Pouteria sandwicensis, G. K. Uchida.

Trioza Foerster 1848.
For a complete synonymy of Trioza refer to Tuthill
1943.

Diagnosis. Genal cones well developed, conical; base of

metatibiae may be swollen.

Trioza is almost a cosmopolitan genus and is one of the

largest groups in the Hawaiian Psyllidae (Zimmerman 1948b).
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The immature stages of Trioza uniqua (Caldwell) are

described below. e

Trioza unigua (Caldwell)

(Figs. 42-46)

Ceropsylla uniqua Caldwell, 1940, Proc. Hawaii. Entomol.

Soc. 10:392.

Trioza unigqua (Caldwell), 1948, Insects of Hawaii. P. 24.

Type locality: Kokee, Kauai Island.

Holotype male and allotype female located in B. P. Bishop
Museum.

Endemic. Kauai Island.

Host: more abundant on ventral surface of the younger and

older leaves of Cryptocarya mannii Hillebrand.

Caldwell (1940) described this species as Ceropsylla
unigua Caldwell because of its peculiar wing venation
(Zimmerman 1948b) which is characteristic of the genus
Ceropsylla Riley 1885. A short stalk separates the R+M fork
from the Cu vein. Zimmerman (1948b) considered Ceropsvlla
as a weak genus and transferred it to Trioza since he
considered the small spots in the cells of the hind margin
of the anterior wings typical of the Hawaiian species of

Trioza. Trioza uniqua Caldwell appears to be misplaced in

Trioza, because the peculiar wing venation. The wing

venation condition is present in Kuwayama minuta and this
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suggest that T. uniqua is more closely related to K. minuta
than any of the known species of Trioza which do not possess
this wing venation type. However, this is beyond the scope
of the work presented here.

Descriptions of the immature stages are given below.

ADULT STAGE.
Diagnosis. Differing from other species of Trioza by
having a short stalk between R+M fork, base of Cu.

Description. Refer to original description.

IMMATURE STAGES.
FIRST INSTAR. (Fig. 42).

Dimensions. Length 0.32-0.33; width 0.26.

Shape. Broadly elliptical; meso--, metathorax each
laterally produced.

Margin. Specialized structures absent.

Dorsum. Sclerotization: weak; head, thoracic segments
fused, divided into lateral halves; abdomen well defined by
suture, segments fused. Indumenta: sectasetae
dorsoventrally compressed, borne on short protuberances;
cephaloprothorax, abdomen with admarginal row of sectasetae;
cephalopro-, mesothorax with admarginal sectaseta
posteriorly on each side; metathorax with stout acicular,
anterolaterally directed seta posteriorly on each side.

Setae simple, few, mostly small; metathorax with large
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admarginal, anterolaterally directed seta posteriorly on
each side. cuticular structures: spinules forming narrow
transverse bands across meso-, metathoracic, abdominal
segments. Minute points absent.

Venter. Sclerotization: absent except for cuticular
structures, circumanal pore ring plate. Indumenta: setae
simple, few; cephaloprothorax with 3 long submarginal setae
on each side; few small ventral setae lateral to leg bases;
abdomen with enlarged submedial seta anterior to circumanal
pore ring on each side; circumanal pore ring surrounded by 3
setae on each side, with 1 anterior, 2 posterior.

Cuticular structures: spinules forming narrow transverse
bands across abdominal segments. Minute points absent.
Antennae: elongate, ventral, 1 segmented; with 3 simple
setae, 1 long blunt apical seta, 1 long submedial seta, 1
specialized seta, with 4 sensoria, 2 subapical, 1 submedial,
1 dorsal near base. Labium: basal segment with minute
seta on each side. Legs: stout; trochanter undefined;
femora not reaching margin of body; tibiotarsal
articulations absent; claws present; pulvillus reniform;
armed with few setae, subequal in size; tibiotarsus with
long, slender subapical setae; spinules present; femora with
2 sensoria near base. Circumanal pore ring: ventral; pores

in single row.
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SECOND INSTAR. (Fig. 43)

Dimensions. Length 0.44-0.46; width 0.35-0.39.

Shape. Anterior, posterior wingpads laterally
produced.

Dorsum. Sclerotization: cephaloprothorax separated
from fused meso-, metathorax segments by distinct suture.
Indumenta: body with admarginal row of sectasetae;
admarginal modified sectasetae absent. Setae simple, small,
few, more numerous than on first instar. Cuticular
structures: spinules absent on thorax, with interrupted
band across medial region of each abdominal segment,
irregularly distributed along margin.

Venter. Indumenta: setae simple, small to long;
abdomen with 1 submedial, 1 submarginal row of small setae
on each side, posterior segment with 2 enlarged setae;
circumanal pore ring surrounded by 5 setae on each side, 2
anterior, 2 posterior and 1 lateral. Cuticular structures:
spinules in short transverse band across each abdominal
segment. Minute points dense in submarginal region of body.
Antennae: two segmented; basal segment short, lacking
setae, sensoria, apical segment resembling antennae of first
instar. Circumanal pore ring: inner pore ring with single

row pores.

THIRD INSTAR. (Fig. 44).

Dimensions. Length 0.58-0.60; width 0.47-0.50.
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Dorsum. Indumenta: setae small to minute, scattered
over dorsum. Cuticular structures: spinule distribution
similar to second instar (not illustrated).

Venter. Cuticular structures: spinule, minute point
distribution similar to second instar (not illustrated).
Antennae: resembling second instar antennae except proximal
half of apical segment with presence of 1 long seta, 1
lateral sensorium near base. Legs: femora with 3 sensoria

near base.

FOURTH INSTAR. (Fig. 45)

Dimensions. Length 0.87-0.93; width 0.67-0.71.

Shape. Anterior, posterior wing pads well defined.

Dorsum. Sclerotization: meso-, metathoracic segments
separated by suture. Indumenta: setae, many, scattered.

Venter. BAntennae: three segmented; basal segment with
2 setae, 1 subapical, 1 medial, with 2 sensoria, 1
subapical, 1 dorsal near base; second segment lacking setae,
with subapical sensorium; apical segment resembling apical
segment of third instar, except lacking 2 submedial

sensoria.

FIFTH INSTAR. (Fig. 46).
Dimensions. Length 1.29-1.37; width 0.98-1.07.

Dorsum. Sclerotization: meso-, metathoracic segments
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fused. Indumenta: setae more numerous than in fourth
instar.

Venter. Indumenta: cephaloprothorax with four long
setae on each side, subequal in length; abdomen with two or
more setae in transverse row across each abdominal segment.
Antennae: five segmented; basal segment lacking setae, with
1 dorsal sensorium; second segment with 2 setae, 1
subapical, 1 submedial, with 1 subapical sensorium; third
segment with subapical seta, sensorium; fourth segment with
2 submedial setae, with 1 subapical sensorium. Legs:

femora with 4 sensoria near base.

TYPES.

Holotype female, allotype male (BISHOP 5530), Trail
from Kokee; to Kalalau, Kauai, 8-15-25; O. H. Swezey

Collector; Cryptocarva.

OTHER SPECIMENS EXAMINED.
Hawaii; Kauai I.; Awaawapuhi Tr., 17.x.1987, ex.

Cryptocarya manii, G. K. Uchida, 30 nymphs (6 I, 6 II, 6

III, 6 IV, 6 V).
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DISCUSSION

The present study treats 16 species of Hawaiian
Psyllidae representing seven genera. Nine of the species
are new. This treatment cannot be considered a
comprehensive study of the Hawaiian Psyllidae. Such a
treatment requires more field collections, especially for

three of the largest genera in Hawaii, Trioza, Kuwayama and

Hevaheva.

Mode of Speciation

The genera Cerotrioza, Hemischizocranium, Kuwayama and

Swezeyana contain species which are monoisland endemics.

This situation was also true for the Megatrioza palmicola

group (Uchida and Beardsley 1988) in which four species were
each monoisland endemics. In order for geographic (or
allopatric) speciation to occur, three conditions must be
satisfied (Mayr 1942). First, the original population must
extend its range into new, unoccupied territory. Second, a
geographical barrier must exist between a new population and
its ancestral population. Third, the genetics of the
population must change to the extent that reproductive
isolation results. Since the Hawaiian species of psyllids
occur as monoisland endemics, the first condition is
satisfied. The presence of one species of a species group

on an island is a good indication that each island was
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colonized once and a population developed in isolation from
all the other populations. The second condition is
satisfied, because the Hawaiian Islands are isolated from
one another by sea water. However, the last condition is
the most difficult to satisfy. The only differences found
among the species studied in the present treatment were
morphological. At best, any changes in morphology can be
interpreted as genetically controlled, but the question as
to whether or not reproductive isolation has occurred cannot
be answered at this time. The only feasible way to answer
this question is to determine if the species in question are
in fact reproductively isolated. The definition for the
biological species concept was stated by Mayr (1963),
"species are groups of actually or potentially interbreeding
natural populations which are reproductively isolated from
other such groups." Thus, cross-breeding experiments are
needed to confirm the presence of reproductive isolation,
but this is beyond the scope of this present study.

The founder principle, which Carson (1971) used to
explain the speciation of the Hawaiian Drosophilidae, can be
invoked to provide an explanation for this type of
allopatric speciation. The Hawaiian Islands are
sufficiently isoclated from one another that a founder event,
which consists of a single propagule (a fertilized female)
or founder arriving in an ecologically similar habitat,

occurs rarely. According to Carson (1971), the founder
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possesses only a small portion of the genetic variability of
the parent population. The establishment of the founder is
more likely to occur if competition from other similar
species is low (or absent, as was most likely the case for
Hawaiian psyllids). Once the founder becomes established
and produces a founder population, a population flush
occurs. Since the environment of the founder population is
similar to that of the parent population, natural selection
is less stringent and many of the mutations that occur may
survive. The flush stage is followed by a crash of the
population which is reduced to several isolated demes. Each
of these demes go through genetic revolutions (Mayr 1954),
that is, genetic drift occurs for each of these demes. The
result is a tendency for recessive genes (including
mutations) to become homozygous and reproductive isolation
develops. However, in the case of Hawaiian psyllids, there
is one difference. Since each of the psyllid species
developed as monoisland endemics, it is doubtful that,
during the crash phase of Carson's (1971) model, isolated
demes occurred; or if they occurred, then they were not

reproductively isolated.

Origin of the Hawaiian Psyllidae
Trioza is considered as the ancestral group for the

Hawaiian psyllids based on information presented below.
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The genus Metrosideros is made up of about 50 species
from the Philippines, New Guinea, New Caledonia, New Zealand
(Wagner et al. 1990) and the South Pacific islands of Samoa,
Fiji, Tahiti and Marquesas (Corn and Hiesey 1973).

Metrosideros polymorpha Gaud. is widespread in the Hawaiian

islands, ranging from near sea level to about 2600 ft

elevation (Corn and Hiesey 1973). Metrosideros polymorpha

is a polymorphic species which expresses a wide array of
phenotypic variability and can adapt to many different types
of environmental conditions, such as barren lava flows,
montane rain forests and subalpine ecosystems (Corn and

Hiesey 1973). This situation does not exist for the other

known psyllid hosts. Metrosideros polymorpha is an
important pioneer of many native ecosystems (Carson 1981,
Corn and Hiesey 1973). Corn (1972) reported that the seeds

of Metrosideros are very small, light; they resist cold,

desiccation and sea water; and that based on experimental
evidence, the most likely mode of long distance dispersal is
by air. Corn and Hiesey (1973) speculated that the Hawaiian

forms of Metrosideros were derived from one or a few

introductions within the last 20 M yrs by means of long
distance dispersal. However, based on a taxonomic treatment

of Hawaiian Metrosideros, Wagner et al. (1990) suggested

that the Hawaiian forms were derived from one introduction.

Thus, Metrosideros can be interpreted as a vagile organism

and this implies that this genus was most likely the first
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of the psyllid hosts to colonize the Hawaiian Islands. Once

Metrosideros became established, it provided a vacant niche

for the establishment of an immigrant species of psyllid.
The genera of Hawaiian psyllids which are known to

utilize Metrosideros in Hawalii as a host are Trioza and

Kuwayama. Both of these nonendemic genera possess extra-
Hawaiian representatives in other parts of the world.
However, Trioza is the only genus which is distributed
throughout the Pacific (Crawford 1915, 1917, 1920b, 1927a,
1928b; Caldwell 1942; Tuthill 1942, 1952, 1964). But, if we
assume that the Hawaiian Psyllidae were derived from an

ancestral species on Metrosideros, then the Hawaiian psyllid

fauna could have been derived from either or both of these
genera. The Hawaiian species of Kuwayama were assigned to
this genus because of the absence of genal cones in the
adults. However, Crawford (1924) and Zimmerman (1948b)
suggested that the species of Kuwayama, which occur in
widely separated geographical areas of the world, resemble
the local Trioza. Thus, the presence of Kuwavama in
different parts of the world is the result of parallel
evolutionary developments. Furthermore, preliminary
observation of the morphology of the immature stages
suggests that the shape of the sectasetae in Kuwayama is
unique to the Hawaiian species of this genus, but the
overall nymphal morphology is similar to nymphs of Trioza.

Thus, this excludes Kuwayama as a possible ancestral group
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for the Hawaiian psyllids. However, it must be noted that

not all of the Hawaiian Trioza can be considered as part of

the ancestral group of Hawaiian psyllids. Trioza uniqua has
a unique wing venation (which was discussed previously) and
is not considered to be properly placed in Trioza. However,
it cannot be placed in another genus at this time, and has
been left in Trioza for convenience. Thus, T. uniqua is not
considered as part of the Trioza group which is ancestral to
the Hawaiian psyllids.
A cladistic treatment of the Hawaiian Psyllidae was

conducted. The objective was to treat 16 species, including
12 species from the present study and four species of the

Megatrioza palmicola group (Uchida and Beardsley 1988).

Initially, one species of Trioza was used for outgroup
comparisons. However, since one species is probably not
representative of the entire genus Trioza, eight species
(refer to Material and Methods) were included as part of the
analysis. Based on preliminary observations, a few common
characters of Trioza and the other genera of Hawaiian
psyllids were identified and it was possible to separate the
nine psyllid genera into three monophyletic groups (as
discussed below).

A cladistic treatment, based on one species of Trioza,
produced a cladogram which divided the nine genera of
psyllids into two monophyletic groups. One group consisted

of Cerotrioza, Kuwayama, Megatrioza and Trioza and the other
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group consisted of Crawforda, Swezevana and

Hemischizocranium. However, when seven other species of

Trioza were added to the outgroup, a cladistic treatment was
not successful for the following reasons. The characters
for each monophyletic group were autapomorphic, that is,
these characters were derived and unshared, and could not be
used in an analysis at the species and genus levels. The
only useful kind of characters are synapomorphic characters
which are shared derived characters. In order for two or
more species to be related, they must share derived
characters (Anderson 1982). Also, in order to utilize
Trioza as an outgroup, the immature stages need to be
taxonomically treated so that comparisons can be made with
the immatures of the other genera.

Hawaiian species of Trioza, many of which are gall
forming psyllids, occupy the leaves and stems of their host
plants (Zimmerman 1948b). The species each have different
niche requirements and produce different gall formations
(Nakahara, pers. comm.) and it appears that there are
several species groups within the genus. Based on a
comparison of the immature stages of Trioza (in Nakahara's
personal collection) and the nymphs of the genera of
psyllids treated above, the species of Trioza can be
separated into three groups and each of the genera treated

above can be assigned to each of these groups.
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Trioza hawaiiensis Crawford (Hawaii island) and Trioza

sp. A (Maui island), which form galls on stems of

Metrosideros, appear to be related to Crawforda. Primitive

characters which T. hawaiiensis and T. sp. A have in common

with Crawforda (Fig. 9) include the elongate admarginal
sectasetae admarginal, circular in cross section; circumanal
pore ring absent, and marginal colliculate structures

present.

Trioza ohiacola, Trioza lehua Crawford and Trioza

pullata Crawford form flat galls on the leaves of

Metrosideros and appear to be allied to Kuwayama (Fig. 23)

and Swezeyana (Fig. 35). The primitive characters are the
presence of biordinate sectasetae, with sectasetae in inner
row enlarged, elongate, and circular in cross section; and
the presence of a circumanal pore ring.

Trioza n. sp. B (Kauai island), Trioza n. sp. C (Oahu
island) and Trioza n. sp. D (Hawaii island) form pit galls

on the leaves of Metrosideros. These species appear to be

related to Cerotrioza (Fig. 3), Hemischizocranium (Fig. 14),

Megatrioza (Fig. 33) and Trioza uniqua (Fig. 42). The

primitive characteristics which unite these species are the
stout admarginal sectasetae, dorsoventrally compressed;
dorsal sectasetae present in nymphal instars II-V;

circumanal pore ring present, and colliculate structures

absent. Of the four genera, only Hemischizocranium

possesses dorsal sectasetae which are modified. The other 3
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genera lack this character, indicating that there was a
secondary loss of dorsal secfasetae. But, the other
possibility is that these three genera are derived from
another species group of Trioza which remains unknown. It
is obvious that the genus Trioza in Hawaii is very poorly
known. Many undescribed species exist and these need to be
collected and described (Zimmerman 1948b; Nishida et al.
1980). No doubt, a comprehensive taxonomic treatment of the
Hawaiian Psyllidae is needed in order to fully understand

the evolutionary relationships within this group.
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SUMMARY

This study taxonomically treats 16 species in seven
genera of Hawaiian Psyllidae and raises the total number of
known described endemic Hawaiian psyllids from 35 to 51
species. Generic and species keys to the adult and immature
stages are provided. The species treated are Cerotrioza

bivittata Crawford, Cerotrioza kauaiensis n. sp., Cerotrioza

molokaiensis n. sp., Cerotrioza lanaiensis n. sp.,

Cerotrioza hawaiiensis n. sp., Crawforda triopsyllina

Caldwell, Hemischizocranium aloha (Caldwell),

Hemischizocranium bessi Tuthill, Kuwayama ventralis n. sp.,

Kuwayama oahuensis n. sp., Kuwayama lanaiensis n. sp.,

Megatrioza zanthoxyli n. sp., Swezeyana elongagena Caldwell,

Swezeyana reticulata Caldwell, Swezeyana oahuensis n. sp.

and Trioza uniqua (Caldwell). The known hosts of the

endemic Hawaiian psyllids are Cryptocarya (Lauraceae),

Metrosideros spp. (Myrtaceae), Nothocestrum (Solanaceae),

Nesoluma (Sapotaceae), Pelea spp. (Rutaceae), Pisonia

(Nyctaginaceae), Platydesma (Rutaceae), Planchonella

(Pouteria) (Sapotaceae), Pritchardia (Aracaceae),

Tetraplasandra (Araliaceae), Xylosma (Flacourtiaceae) and

Zanthoxylum (Rutaceae).

The mode of speciation for each of the species groups
in this study has been hypothesized to be allopatric. Each

of the species are monoisland endemics. The islands on
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which they occur are geographically isolated, and, based on
morphological differences among the species within a species
group, there are differences which are correlated to genetic
changes. However, reproductive isolation must take place
before a population can be considered as a new species, and
cross-breeding experiments to test for reproductive
isolation have not been performed. However, differences in
male genitalia which occur in species within some of the
group studied, suggest that reproductive isolation probably
has occurred in these groups. Thus, it appears that the
Hawaiian psyllids speciated allopatrically. The founder
principle is invoked to provide a model for speciation on

islands.

Most of the species in the genera Trioza and Kuwayama

occur on the host Metrosideros. However, within these

genera, the morphologically distinct species Trioza uniqua

and the Kuwayama ventralis species group are known to occur

on hosts other than Metrosideros, namely Cryptocarya and

Pisonia, respectively. T. uniqua does not fit in the genus
Trioza, but shares the peculiar wing venation which occurs

in Kuwayama minutera. However, this problem is beyond the

scope of this study.

The mode of speciation for the Megatrioza palmicola

group was speculated to be allopatric (Uchida and Beardsley
1988) in nature, and the founder principle (Carson 1971) is

used to provide a model by which the Hawaiian psyllids may
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have speciated. It is apparent that because each of the

species groups, Cerotrioza bivittata, Hemischizocranium

aloha, Kuwayama ventralis and Swegeyana reticulata, occur as

monoisland endemics, these species must have speciated

allopatrically.

Metrosideros is believed to have been probably the

first psyllid host to inhabit the Hawaiian Islands. Not
only is it widespread throughout the Hawaiian Islands,
ranging from sea level to about 2500m elevation, but it is

also distributed throughout the South Pacific. Metrosideros

has a polymorphic nature which allows it to inhabit many
different types of environments such as lava flows, montane
rainforests and subalpine ecosystems. The seeds tolerate
desiccation, cold and seawater and are small and light.

These qualities make Metrosideros a vagile organism and

implies that it was the first psyllid host to colonize the
Hawaiian Islands.
Although Trioza and Kuwayama are present on

Metrosideros, Trioza is hypothesized to be the original

psyllid colonizer of the Hawaiian Islands and ancestral to
all of the other genera. Kuwayama has extra-Hawaiian
representatives in other parts of the world, but the genus
is polyphyletic and the Hawaiian forms are considered as
derivatives of Trioza in this study.

A cladistic analysis of the Hawaiian Psyllidae was

attempted, but due to presence of autapomorphic characters
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and the absence of synapomorphic characters at the species
and generic levels, the analysis was not successful.

The hypothesized ancestor of the Hawaiian Psyllidae is
Trioza and there appear to be several species groups, each
of which have different niche requirements. It is
hypothesized that three species groups of Trioza may have
given rise to the species of psyllids treated taxonomically

above. The stem gall formers, Trioza hawaiiensis and Trioza

sp. A, are allied to Crawforda; the flat gall formers,

Trioza ohiacola, Trioza lehua and Trioza pullata, appear to

be allied with Kuwayama and Swezevyana; and the pit gall
formers, Trioza n. sp. B, Trioza n. sp. C, Trioza n. sp. C,
and Trioza n. sp. D appear to be related to Cerotrioza,

Hemischizocranium, Megatrioza, and Trioza unigua.

In order to understand the evolutionary relationships
of the Hawaiian Psyllidae, a more comprehensive taxonomic
treatment of the group is required. The largest genera,

Hevaheva, Kuwayama and Trioza need to be treated

taxonomically because there exist many undescribed species.
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Figure 1. Distribution of psyllid species studied on the

islands of Kauai, Oahu, Molokai, Mauli, Lanai and Hawaii. 1

= Cerotrioza, 2 = Kuwayama, 3 = Swegzevana, 4 =

Hemischizocranium, 5 = Trioza, 6 = Crawforda and 7 =

Megatrioza.
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Cerotrioza bivittata species group, lateral

Figure 2.
aspect of male terminalia. (A) C. "kauaiensis."” (B) C.
bivittata. (C) ¢C. "molokaiensis." (D) C. "lanaiensis."

(E) ¢C. "hawaiiensis."
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Figure 3. Cerotrioza "kauaiensis," first instar nymph,

dorsal and ventral aspects.
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Figure 4. Cerotrioza "kauaiensis," second instar nymph,

dorsal and ventral aspects.
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Figure 5. Cerotrioza "kauaiensis," third instar nymph,

dorsal and ventral aspects.
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Figure 6. Cerotrioza "kauaiensis," fourth instar nymph,

dorsal and ventral aspects.
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Figure 7. Cerotrioza "kauaiensis," fifth instar nymph,

dorsal and ventral aspects.
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Figure 8. Cerotrioza bivittata group. Admarginal

sectasetae of cephaloprothorax (upper), metathorax (middle)
and apex of abdomen (lower) for five instar nymphs. Rows I,
II, III, IV and V represent nymphal instars I, II, III, IV

and V, respectively; columns A, B, C, D, E represent the

species C. "kauaiensis," C. bivittata, C. "molokaiensis," C.

"lanaiensis" and C. "hawaijensis," respectively.
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Figure 9. Crawforda triopsyllina, first instar nymph,

dorsal and ventral aspects, and details.
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Figure 10. Crawforda triopsyllina, second instar nymph,

dorsal and ventral aspects, and details.
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Figure 11. Crawforda triopsyllina, third instar nymph,

dorsal and ventral aspects.
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Figure 12. Crawforda triopsyllina, fourth instar nymph,

dorsal and ventral aspects. and detail.
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Figure 13. Crawforda triopsyllina, fifth instar nymph,

dorsal and ventral aspects.
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Figure 14. Hemischizocranium aloha, first instar nymph,

dorsal and ventral aspects, and detail.
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Figure 15. Hemischizocranium aloha, second instar nymph,

dorsal and ventral aspects, and detail.
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Figure 16. Hemischizocranium aloha, third instar nymph,

dorsal and ventral aspects.
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Figure 17. Hemischizocranium aloha, fourth instar nymph,

dorsal and ventral aspects.
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Figure 18. Hemischizocranium aloha, fifth instar nymph,

dorsal and ventral aspects.
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Hemischizocranium bessi, nymphal instars.

Figure 19.

Admarginal sectasetae of five instars. (A) First instar.

(D) Fourth instar.

(B) Second instar. (C) Third instar.
(E) Fifth instar. Circumanal pore rings. (F) First
Third instar. (I)

instar. (G) Second instar. (H)

Fourth instar. (J) Fifth instar.
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Figure 20. Hemischizocranium aloha, nymphal instars.

Admarginal sectasetae of five nymphal instars. (A) First
instar. (B) Second instar. (C) Third instar. (D)
Fourth instar. (E) Fifth instar. Circumanal pore ring.
(F) First instar. (G) Second instar. (H) Third instar.

(I) Fourth instar. (J) Fifth instar.
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Figure 21. Hemischizocranium aloha. Dorsal setae (upper),
sectasetae (lower or lower right), and modified sectasetae
(lower or lower left of sectaseta). (A, C, E, G, I) H.

aloha. (B, D, F, H, J) H. bessi.
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Figure 22. Kuwayama "ventralis" terminalia of adult male

and female. Male terminalia. (A) Lateral aspect. (B)

Posterior aspect. Female terminalia. (C) lateral aspect.
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Figure 23. Kuwayama "“ventralis," first instar nymph, dorsal

and ventral aspects.
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Figure 24. Kuwayama "ventralis," second instar nymph,

dorsal and ventral aspects.
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Figure 25. Kuwayama "ventralis," third instar nymph, dorsal

and ventral aspects.
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Figure 26. Kuwayama "ventralis," fourth instar nymph,

dorsal and ventral aspects.
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Figure 27. Kuwayama "ventralis," fifth instar nymph, dorsal

and ventral aspects.
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Figure 28. Kuwayama "ventralis" group, nymphal instars.

Dorsal setae (upper), admarginal sectasetae (lower or lower

right) and submarginal sectasetae (lower or lower left) of

five nymphal instars. (A, D, G, J, M) K. "ventralis." (B,
E, H, X, N) K. "pahuensis." (c, F, I, L, 0) K.

"lanaiensis.™".
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Figure 29. Kuwayama "ventralis." Circumanal pore ring of

five nymphal instars. (A) First instar. (B) Second

instar. (C¢) Third instar. (D) Fourth instar. (E) Fifth

instar.
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Figure 30. Kuwayama "oahuensis." Circumanal pore ring of

five nymphal instars. (A) First instar. (B) Second

instar. (C) Third instar. (D) Fourth instar. (E) Fifth

instar.
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Figure 31. Kuwayama "lanaiensis." Circumanal pore ring.

(3) First instar. (B) Second instar. (C) Third instar.

(D) Fourth instar. (E) Fifth instar.
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Figure 32. Megatrioza “"zanthoxyli." Lateral aspect of

terminalia. (A) Male. (B) Female.
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Figure 33. Megatrioza "xanthoxyli." Admarginal sectasetae

of cephaloprothorax (A-E), thorax (F-J), and abdomen (K-0)
of five nymphal instars. (A, F, X) First instar. (B, G,
L) Second instar. (C, H, M) Third instar. (D, I, N)

Fourth instar. (E, J, O) Fifth instar. Circumanal pore
ring (P-T). (P) First instar. (Q) Second instar. (R)

Third instar. (S) Fourth instar. (T) Fifth instar.
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Figure 34. Swezeyana elongagena, lateral aspect of

terminalia. (A) Male. (B) Female.
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Figure 35. Swezeyana elongagena, first instar nymph, dorsal

and ventral aspects.
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Figure 36. Swezeyana elongagena, second instar nymph,

dorsal and ventral aspects.
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Figure 37. Swezeyana elongagena, third instar nymph, dorsal

and ventral aspects.
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Figure 38. Swezeyana elongagena, fourth instar nymph,

dorsal and ventral aspects.
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Figure 39. Swezeyana elongagena, fifth instar nymph, dorsal

and ventral aspects.
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Figure 40. Swezeyana elongagena group. Dorsal setae

(upper), admarginal sectasetae (lower) and modified
sectasetae (middle). (A, D, G, J, M) S. reticulata.

E, H, K, N) S. "“oahuensis."™ (¢, F, I, L, O0) S.

elongagena.

(B,
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Figure 41. Swezeyana elongagena group. Circumanal pore
ring. (A) S. reticulata. (B} S. "oahuensis." (C) S.

elongagena.
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Figure 42. Trioza uniqua, first instar nymph, dorsal and

ventral aspects.
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Figure 43. Trioza uniqua, second instar nymph, dorsal and

ventral aspects.
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Figure 44. Trioza uniqua, third instar nymph, dorsal and

ventral aspects.
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Figure 45. Trioza uniqua, fourth instar nymph, dorsal and

ventral aspects.
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Figure 46. Trioza unigqua, fifth instar nymph, dorsal and

ventral aspects.
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