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Owiposition. Fggs are laid in the flower heads of Erigeron canadensis.
The female ovipositor is only bent outward from its base near the tip of the
abdomen and is not flexed outward in an elbowed fashion as in copulation.
It is then inserted very deeply into a compact, green, but opened flower head.
The entire ovipositor and even a portion of the tip of the abdomen is buried in

the disk flowers and remains in this position for 30 seconds or more. The
newly laid egg is fastened parallel to one of the disk flowers and attached to
the pappus. As many as a dozen eggs may be laid in a single flower head.
Michalk (1933) calls this type of oviposition the “Interpoliert” or Interpolated
(squeezed in or inserted) type of hemipterous egg laying.

Egg. The egg is long, slender, and nearly straight, one side being a little
more curved than the other. When first laid it is almost water white or color-
less and shining, with a small amount of yellow yolk at the anterior or micro-
pylar end. As development proceeds, the egg becomes white with reddish spots
indicating the position of the eyes and portions of the abdomen. The chorion
is longitudinally wrinkled and bears a ring of minute but distinct micropylar
processes at the anterior end. The developing embryo becomes orange later
in development but the reddish eye spots are the first markings to appear fol-
lowed by a red dorsal and two lateral abdominal spots. Size: length 1 mm.,
width 0.35 mm. Incubation period five to eight days.

Hatching. By hatching time the Erigeron heads open into much looser
balls so that it is possible to look down to the bases of the disk flowers and see
the red-spotted orange eggs ready to hatch. Eclosion is accomplished by a
splitting of the chorion somewhat irregularly near the anterior end of the egg,
forming a flap or lid which is forced open as the embryo expands. At this stage
the embryo is completely enclosed by embryonic membrane, giving the appear-
ance of a small, legless larva, and by merely moving back and forth, gradually
works its way out of the egg. When nearly free the embryonic cover breaks
and the head and various body parts are discernible as separate entities. With
convulsive movements the antennae, legs, and the absurdly large rostrum are
pulled free and the first instar nymph emerges. The empty egg shell is leit
behind with its broken emergence flap half closed again and with the cast
embryonic membrane exposed still partially fastened to the inside of the
chorion. This entire process occupies about ten minutes, and the bug remains
quiescent for another ten minutes, still appearing quite teneral, and then
becomes more active, scurrying about among the flowers of its Erigeron head.

First Nymphal Instar. Very pale, smooth and shining. Body form almost cylindrical
in recently hatched nymphs, becoming enlarged posteriorly as development proceeds.
Eyes small, about one fifth as wide as interocular space. Rostrum attaining or slightly
exceeding posterior coxae, the first segment not reaching base of head; segments one to
four 4-4-3-4. Antennae over twice as long as width of head, 12:4.75; segments one
to four 2-2.5-2.5-5; fourth segment about as thick as femora. Tarsi two-segmented,
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the first segment very short. Dorsal abdominal scent gland openings distinct at middle
of posterior margins of fourth and fifth segments.

Color very pale, white with light fuscous stripes on head, fuscous pro and mesonota,
and laterally on metanotum, second, third and fourth antennal segments, femora at middle,
and, in older specimens, coxal flanges, extreme apex of abdomen, and tarsi. Eyes reddish
and abdomen with orange to reddish spots on either side near base and posteriorly at
middle in the region of abdominal scent glands. Size: length 1 mm.; width (head) 0.26
mm., (abdomen) 0.33 mm. Length of instar, three to four days.

Second Nymphal Instar. Body suboval in form, slightly attenuated anteriorly and
convex above, the sides being strongly depressed but only slightly lamellately dilated. Eyes
about one third as wide as interocular space, 1.5: 5. Rostrum distinctly but only slightly
exceeding posterior coxae. Antennae a little over half again as long as width of head.

Color testaceous, covered, at least in well-developed specimens, with irregular pink or
reddish blotches, especially dorsally on the abdomen., Three pairs of fuscous stripes on the
head, the middle pair extending from base of head to apex of tylus and the lateral pairs
diverging anteriorly and extending to insertions of antennae. Femora broadly banded with
fuscous and with tarsi infuscated. Under surface of head on either side of rostrum longi-
tudinally infuscated. With three subrounded fuscous spots on either side covering outer
half of coxae and adjacent portions of pleurites. Otherwise as in the first instar. Size:
length 1.55 mm.; width (head) 0.44 mm., (abdomen) 0.88 mm. Length of instar, four
days.

Third Nymphal Instar. As in the second instar but with the antennae a little less
than half again as long as width of head, 14:10.

Markings more distinct than in previous instars, the markings of thoracic nota appear-
ing as three longitudinal, posteriorly divergent fuscous stripes, the innermost, on either
side, broadest. With pale, ill-defined additional stripes centrally and laterally. Size:
length 1.88 mm.; width (head) 0.44 mm., (abdomen) 1.1 mm. Length of instar, five or
six days.

Fowrth Nymphal Instar. Thorax longer and better developed than in previous instars,
the meso and metanotal pads partially developed, the mesonotal lobe being a little shorter
than mesonotum at middle, 3:4; and extending to middle of first abdominal segment.
Antennae a little over half again as long as broad, 20: 12.5.

Head and thorax above, still more distinctly striped. Scent glands and transverse
markings on either side of these as well as spots on anterior margins of last three ventral
segments fuscous. Size: length 2.33 mm.; width (head) 0.69 mm., (abdomen) 1.16 mm.
Length of instar, six to eight days,

Fifth Nymphal Instar. Body form elongate-oval. Head a little less than half again
as broad as long, 17:12; anteocular portion considerably longer than an eye, 6.5:4.25;
eyes about one third as wide as interocular space, 3.5: 10; ocelli appearing simply as red
dots beneath the nymphal cuticula; bucculae scarcely or not at all developed, with an ill-
defined groove or depression extending to posterior margin of head. Rostrum reaching
posterior coxae, the first segment not nearly reaching base of head ; segments one to four
10-9-8-7. Antennae a little less than twice as long as width of head, 32: 17; segments one
to four 4-9-7-12.

Pronotum over twice as broad behind as long, 23:11; sides rounded anteriorly and
feebly arcuate, straight, or a little concave and flaring posteriorly to humeral angles,
strongly depressed and narrowly, lamellately expanded. Mesonotum as long as pronotum
at middle, its posterior margin between hemelytral pads at middle, arcuate. Mesonotal
pads a little longer than mesonotum at middle, 13:11; laterally rounded near base and
scarcely arcuate posteriorly. Metanotum very short, less than one fifth as long as meso-
notum, the metanotal pads concealed beneath mesonotal pads except at inner bases.

Dorsal abdominal scent gland openings distinct, appearing as transverse lines with
small apertures on either side at middle of hind margins of fourth and fifth abdominal
segments, these margins strongly deflected posteriorly at middle. Tarsi two-segmented,
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the first segment shorter than second, 3:5, on front and middle legs; the two segments
subequal on hind legs. Claws very small.

Color pale testaceous with brown stripes and markings dorsally on head and thorax as
illustrated. Abdomen irregularly mottled with pale fuscous above with some reddish color
showing through. With a transverse fuscous spot on either side of first scent gland and
a spot posteriorly and laterally on either side of second gland. Genital segment narrowly

black as seen from above and broadly black beneath. Under surface of head longitudinally
infuscated on either side of rostral groove, Thoracic sterna white along middle. Thoracic
pleura outlined with black and longitudinally striped with white, the coxal flanges alter-
nated obliguely with black and white. Abdomen pale beneath, most often lightly mottled
with pink and with trichobothrial spots (in the same relative position as in adults)
indicated by small black dots. Rostrum brownish basally and black apically. Antennae
brownish or paler with black markings on first segment, darker at least at bases of second
and third segments, and brown on entire fourth segment. Coxae white except at extreme
bases, trochanters white, femora pale with brown spots or sometimes generally emhrowned
except at bases and apices, tibiae light brown or paler, and tarsi brown at least apically.
Eyes reddish-brown.

Size: length 3.11 mm. to 3.83 mm.; width (head) 0.8 mm. to 1 mm.,, (abdomen or
wing pads) 1.44 to 1.66 mm. Length of instar, five days.

Moulting. During ecdysis the cuticula splits longitudinally along the middle
of the thoracic nota, the split continuing forward onto the epicranial stem of
the head. In front of and continuous with this, a split occurs on either side
along the epicranial arms and extending near the inner margins of the eyes.
The nymph draws itself out of the center of this, the front of the head forming
a flap with its open side nearest the middle of the insect just as is the case
with the side flaps,

Progression in growth. Dyar (1890) suggested that the sclerotized parts
of the insect body increase in size in a more or less regular geometrical progres-
sion during successive instars, there being a growth factor for each species
representing the increase in size at each moult. This principle has been further
but rather dubiously extended by Przibram (Przibram and Megusar, 1912)
and Bodenheimer (1933) to include a progression in weight in successive
instars and progressively increasing surface areas while elaborate formulae
have been developed to cover the many special sitnations encountered in the
growth of different nsects.

Originally proposed for the larvae of holometabolous insects and frequently
applied to larvae of Hymenoptera, Coleoptera, and particularly Lepidoptera,
this principle has only recently (Harries and Henderson, 1938) been exten-
sively applied to hemimetabolous insects although the present data were plotted
and tested by Dyar’s Rule six years ago.

Measurements of the head widths of a random population of nymphs of
Nysius coenosulus Stal have been plotted on a graph (fig. 8). These measure-
ments fall into five groups corresponding to the five nymphal instars but there
is an increasingly greater spread in later instars amounting to a distinet bimodal
curve in the last instar. This is exactly as expected from the size differences



144 Bernice P. Bishop Museum—~Bulletin 173

in sexes of the adults. Thus, although apparently indistinguishable as to sex
as nymphs, the last nymphal instars are clearly differentiated as to size corre-
sponding to their sex.

By averaging the observed head widths for each instar and dividing each
value by that of the previous instar, an average growth ratio of 1.38 was
obtained, the calculated head widths obtained from this agreeing remarkably
well with observed values in earlier instars, and, as might be expected, less
well in later instars. It should further be noted that the average growth value
of 1.38 agrees quite closely with Przibram’s theoretical progression factor of
1.26 (the cube root of 2) for insects in general.
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Freurg 8—Graph showing nymphal head width measurements of Nysius coenosulus
Stal,

As originally suggested for insect data by Forbes (1934) and as sum-
marized by Harries and Henderson (1938), “When the number of successive
instars are equally spaced, a geometrical progression of head widths will plot
on a compound interest curve of the type y = ab*, where y is the head width,
x is the particular instar, and a and b are constants. Since this equation may
also be written log y=1log a 4 x log b, which is the equation of a straight
line, the agreement of observed values with the Dyar principle may be illus-
trated by plotting . . . the actual values on the logarithmic scale of ‘arith-log’
paper.” That the present data fit such an equation is obvious from the almost
perfect alignment of the points obtained by plotting the average observed head
widths against the number of instars (fig. 9, @). The departure of the the-
oretical growth ratio based on the cube root of 2 (1.26), known as the “Prin-
ciple of Przibram” is shown as line B in figure 9.

Generations per year. About five weeks is required from egg to adult and,
although no information is available as to the time required in the adult stage



Usinger—Genus Nysius in Hawaiian Islands 145

before egg laying, Milliken (1918) found in Kansas the amazingly short
average of three days from maturity to mating, one day from mating to ovi-
position and an average adult life of 15.2 days.

In Hawaii the entire life cycle probably occupies about six weeks. As 1
have found eggs, nymphs, and adults during every month of the year, develop-
ment is continuous, allowing a possibility of eight or nine generations per year.

e /

1A 8414

o

1T T 1Ak

|
s

=1

LT
T TR AT T

Fioure 9—Average nymphal head width measurements for each instar of Nysius
coenosulus Stal, plotted on Arith-log paper to show approximation of points to a straight
line,

Oceanides nubicola Kirkaldy (pl. 11).

Copulating pairs were collected on Myoporum on August 5 and 6, at
Humuula, Hawaii. The eggs laid each day were isolated each evening. Four-
teen of these hatched on August 24 and 25, giving an incubation period of
from 19 to 20 days at this relatively high altitude of 6,000 feet.

In the field, I found no eggs under natural conditions, although a diligent
search was made. Most of the eggs laid in captivity were simply deposited
loosely at the bottom of vials. A few, however, were fastened to Myoporum
leaves. Whether this was due to an adhesive substance on the egg or to the
obviously sticky surface of the leaf is not known.

Egg. Shape elongate-elliptical, broadest slightly before middle and thence
gradually rounded in both directions to apices. Color rather uniform piceofer-
rugineous, the surface highly polished. Micropylar end with three or four
white tubercles arranged as a square, rhombus, or triangle, the more closely
approximated pair (where four are present) often located on the edge of a
smooth, domelike elevation. In mature eggs dark eye spots may be seen just
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posterior to each of the lower tubercles. These, though obscure due to the
dark color of the chorion, are still visible. Size: length 0.934 mm.; diameter
0.448 mm.

As in other Orsillini, hatching is accomplished by a splitting at the micro-
pylar end so that a three-quarter circular flap acts as a lid. An embryonic
membrane is then cast when the embryo quits the chorion.

First Instar. Smooth, shining, the head very large, thorax and abdomen abruptly,
lamellately flattened laterally. First three abdominal segments (dorsally) distinct, the
apical segments more or less fused. Antennae very robust, as thick as tibiae, pubescent.
Rostrum reaching tip of abdomen, the first segment scarcely attaining base of head.

Color black, the meso and metanota ferrugineous at the lateral margins and lightly
so at middle. First abdominal segment (dorsally) ivory white, the succeeding segments
ferrugineous. Antennae with first segment piceous, second piceous on basal half, ferru-
gino-testaceous apically, third testaceous, and fourth testaceous but lightly infuscated on
apical half, Segments one to four 6-9-10-12. Under side piceous except laterally on
venter which is ferrugineous. Femora piceous except for apical testaceous ring. Tibiae
hairy, especially at apex; piceo-ferrugineous except for testaceous apex. Tarsi hairy,
testaceous, two-segmented, the apical segment twice as large as basal. Later in
development the antennae become uniformly fuscous except for apex of second and third
segments. Size: length 0.97 mm.; width (head) 0.383 mm., (abdomen) 0.54 mm.

Second Instar. Disk of head and pronotum lightly, rugosely punctate, polished. Anten-
nal segments one to four 6-10-11-16. Rostrum reaching only to middle of abdomen. Color
much as in the preceding instar but the swollen dorsal surface of the abdomen is darker,
piceo-ferrugineous, and the ivory white transverse band at base of abdomen is slightly
narrower than the first abdominal segment, especially at middle, strongly elevated, broken
at lamellar lateral expansions and continued obliquely forward, Size: length 1.47 mm.;
width (head) 0.504 mm., (abdomen) 0.915 mm.

Third Insiar. Similar to preceding but the pronotum is more clearly set apart from
the metanotum, the lamellar margin being completely interrupted at suture. Mesonotum
with clearly defined black wing pads. Abdomen, beneath these, ferrugineous, ivory-white
posteriorly at middle of metanotum. Dorsal disk of abdomen with numerous white spots
which are variable in size. Rostrum attaining base of first abdominal segment. Antennal
segments one to four 9-14-14-18. In another example the rostrum reached hali the length
of the abdomen. Size: length 2.39 mm.; width (head) 0.626 mm., (abdomen) 1.17 mm.

Fourth Instar. All characters the same as above but more accentuated. Pronotum
and wing pads distinctly, transversely rugose. Rostrum reaching to apex of second
abdominal segment. Antennal segments one to four 13-20-19-23, Narrow lateral expan-
sions of pronotum and mesonotum and a longitudinal line on meso and metanotum at
middle and widening posteriorly white. There are apparently six abdominal segments
before the genital segments, plus the one on which the transverse band is found which,
in this instar, is somewhat expanded posteriorly above the next posterior segment. Before
this is the mesothorax with wing pads extending posteriorly from its anterior margin
and the mesothorax with the black, more heavily sclerotized pads of the hemelytra extend-
ing from its anterior margin to middle of first abdominal segment. Size: length 3.14
mm.; width (head) 0.785 mm., (abdomen) 1.5 mm.

Fifth Instar. Much as in the previous instar but with the wing pads extending to
middle of third abdominal segment. White spots of dorsum of abdomen arranged in a
pattern. First segment, between wing pads, all white except for two postero-lateral fer-
rugineous areas. Second segment ferrugineous with an irregular row of white spots just
within anterior and posterior margins. Third segment with posterior margin lightly
emarginate at middle and the same submarginal transverse rows of white spots as well as
denser cluster at middle. Fourth segment lightly arcuate posteriorly at middle and with
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a quadrate, feebly transverse black spot extending onto anterior margin of fiith segment.
Fifth segment strongly arcuate posteriorly at middle making the sixth segment very short
at middle where a subquadrate black spot occurs. Apical genital segment black at tip,
this black extending onto anteapical segment and even onto sixth abdominal segment
ventrally. Rostrum scarcely exceeding hind coxae. Antennal segments one to four
14-25-23-29. Tarsi two-segmented,

In a somewhat smaller specimen (head width distinctly less), which I assume to be
the male, the color is considerably darker, the light lateral and median areas of thorax
being much smaller in extent and the dorsum of abdomen with a pair of white spots on
third and fifth segments and two pairs on fourth and sixth segments as well as numerous
obscure smaller spots. Size: length 4.12 mm.; width (head) 0.934 to 1.028 mm., (abdo-
men) 1.92 mm.

In general, the black head and thorax and ferrugineous abdomen with the

transverse band of white covering basal abdominal segment will readily dis-
tinguish nymphs of this species from any other with which T am familiar.

Oceanides bryani Usinger.

A copulating pair was collected on Euphorbia olowaluana var. gracilis
(Rock) at Humuula, Hawaii, Aug. 6, 1935 and an egg was laid the same
day. The egg hatched on August 25, 1935, giving an incubation period of 19
days. Both the egg and the first nymphal instar are suggestive of nubicola,
the shape and size being quite similar.

First Instar. Color much lighter than in nubicola, the venter ochraceous behind a
transverse white band, the femora fuscous except for testaceous apices, the tibiae sangui-
necus on inner sides and testaceous on outer sides, tarsi testaceous. Antennae testaceous,
with the hasal and apical segments somewhat infuscated. Rostrum almost attaining apex

of abdomen. Antennal segments one to four 6-8-10-12, Size: length 0.897 mm.; width
(head) 0.364 mm., (connexivum) 0.504 mm.

Oceanides fosbergi Usinger.

A copulating pair was collected on Coprosma at Lanaihale, Nov. 30, 1935
and two eggs were laid during this and the following day. These eggs hatched
on December 15, 1935, giving an incubation period of less than 16 days. This
seems short in comparison with nubicola and bryani, but is to be expected as
these were brought to the lowlands and hatched in the laboratory in Honolulu
under much warmer conditions than their accustomed home on the highest
peak on the island of Lanai.

First Instar. Dark ferrugineous in color, the antennae lighter, testaceous, and slightly
infuscated at base of first segment and on fourth segment. Apices of femora and tibiae
and all of tarsi testaceous. Abdomen lighter than head, thorax and rostrum, being ferrugi-
neous with an ivory white basal transverse band dorsally. Rostrum exceeding tip of abdo-

men. Antennal segments one to four 5-7-9-12. Size: length 0.861 mm.; width (head)
0.373 mm., (connexivum) 0.504 mm.

Oceanides membranaceus Usinger.

Last Nymphal Instar. Body form elongate-oval, general color fulvous marked with
brown or red. Antennae a little less than twice as long as width of head, 30: 16; segments
one to four 4-9-8-9. Rostrum attaining hind margin of second abdominal segment, the first
segment not reaching base of head; segments one to four 10-10-8-10. Color pale fulvous
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with a vellowish cast with dark brown on the sides of tylus on either side of middle of
head above, forming two lines which diverge anteriorly about to anterior margins of eyes,
then abruptly turn briefly backward and toward the center and finally proceed anteriorly,
converging at base of tylus, With a light brown arm extending laterad on either side, near
base of tvlus and another spot on either side near inner margins of eyes. Pronotum with a
transverse brown spot on either side of middle at a level corrresponding to the callosities
of adults. Mesonotum with an oblique brown area basally on either side of middle. Head
and thorax above with an ill-defined, pale, longitudinal line along middle.

Abdomen very strikingly marked above, the first three segments with progressively
stronger punctures at center, irregularly suffused with two briefly transverse brown spots
on either side of the reddish area at middle of segments, with transverse abdominal sutures
and an ill-defined, sublateral impression or suture irregularly marked with brown. These
same characteristics obtain posteriorly but are modified due to the posterior distortion of
hind margins of fourth and fifth ahdominal segments for the scent glands. Paired gland
apertures and genital segment black, and a larger area in front of the posterior gland,
orange. Under surface of head posteriorly on either side of rostral groove, pleural margins
irregularly and coxal flanges, indistinct subapical rings on femora, coxae basally, and tarsal
claws brown. Rostrum pale with black apex. Antennae pale fulvous with light brown
near white joints and with darker brown on apical half of fourth segment.

Size: length 3.27 mm.; width (head) 0.88 mm., (wing pads) 1.41 mm.

Collected on Euphorbia at Kukuiala Valley, Oahu, Feb. 9, 1936 (R. L. U.).

Oceanides nimbatus Kirkaldy (pl. 12, 4).

Last Nymphal Instar. Body form elongate with sides subparallel. Color brown
marked with darker, fuscous, and tinged with reddish. Antennae twice as long as width
of head, 30.5:105; segments one to four 6-11-11-11.5. Rostrum surpassing middle of
second abdominal segment, segments one to four 14-13-13-13.

Head broader than long, 19.5:16.5; anteocular portion over half again as long as an
eve, 9:5.5; eyes one fourth as wide as interocular space, 3.25:13; upper surface with a
few, indistinct punctures.

Pronotum over twice as broad as long, 25: 11, its sides feebly anteriorly convergent,
very strongly but narrowly depressed and subrounded anteriorly and rectilinear posteriorly ;
disk transversely rugose. Mesonotal pads likewise narrowly depressed and even a little
reflexed.

Head brownish with dark fuscous along sutures of tylus and behind this on either
side of a median pale, longitudinal line, these fuscous fasciae not reaching base of head,
anterolaterally divergent, sending out an arm on either side toward but not reaching anten-
niferous tubercles, following the curve of the epicranial arms. With a short fuscous fascia
on cither side near middle of inner margins of epicranial arms. Vertex laterad to epi-
cranial arms and surrounding red eyes, dark pitchy brown.

Pronotum brown with small pale spots, almost black callosities, and narrowly testace-
ous lateral margins. With a narrow, white, longitudinal line along middle extending
throughout mesonotum as well. Mesonotum, including pads, otherwise dark brown to
black except for pale spots sublaterally and testaceous lateral margins. Abdomen pink
with numerous small white spots with black margins of abdominal glands and genital
segments.

Under surface of head dark brown with pale center of posterior third and conspicuous
pale sutures extending from just below antenniferous tubercles to posterior margin of
head near eves. Under surface of thorax light brown to testaceous with the pleura sur-
rounding coxae black. Venter dark at middle and pink laterally with conspicuous, trans-
verse black areas at middle of the last two segments and genital segments, Position of
trichobothria indicated by small brown spots.

Antennae light brown to ochraceous with darker brown spots on first segment, dark
bases of second and third segments and alniest entirely brown last segment. Rostrum pale



Usinger—Genus Nysius in Hawaiian Islands 149

with dark brown to black apex. Legs pale with dark brown bases of coxae and broad
subapical rings on femora. Size: length 472 mm.; width (head) 1.04 mm., (wing pads)
1.72 mm.

Collected on Gouldia on Lanihuli, Oahu, Feb. 23, 1936 (R. L. U.).

Neseis (Icteronysius) maculiceps Usinger (pl. 12, B),

Last Nymphal Instar. Body form suboval, general color yellowish-ochraceous to
white marked and mottled with brown to black.

Head broader than long. 17: 15; the anteocular portion over half again as long as an
eve, 7:4; eyes less than half as wide as interocular space, 3.25: 10.5; color brownish black
and white above, being entirely brown except for epicranial sutures to level of ocelli, white
laterally surrounding eves and white with black markings on frons in much the same
pattern as fasciatus (pl. 12, D). Antennae one fifth longer than width of pronotum,
31.5:25; less than twice as long as width of head, 31.5: 17 ; segments one to four 5-9-9-8.5.
Rostrum slightly exceeding posterior coxae, the first segment not reaching base of head;
segments one to four 10-10-8-7.5. Antennae with an irregular ring of brown spots at middle
of first segment, dark brown at bases and broadly so on apical half of fourth segment.
Rostrum pale except for apex of last segment,

Pronotum two and one half times as broad as long, 25: 10; the lateral margins very
narrowly, lamellately expanded. Region of callosities with sinuate, transverse dark brown
markings surrounded by a more or less clear area, with the middle disk longitudinally like-
wise fairly clear. Elsewhere, except on lateral margins, brown with pale or hyaline spots
or areoles. Mesonotum and wing pads entirely but very irregularly embrowned, the pale
or hyaline areas either irregular and rather large or small and in the form of regular
round spots.

Abdomen yellow or slightly tinged with reddish above and more or less distinctly
spotted with white, the scent glands and genital segment narrowly black.

Under surface black-marked anteriorly and posteriorly on head, subquadrately or
subrectangularly surrounding whitish areas at middle of thoracic pleura, and on genital
segments. Legs more or less pale, the femora brown-spotted, the tibiae infuscated at least
apically, and the tarsi brown on apical half of second segment. Venter with at least the
lateral trichobothrial spots black.

Size: length 4.16 mm, ; width (head) 0.94 mm., (wing pads) 1.88 mm.

Collected on Sophora at Humuula, July 30, 1935 (R. L. U.).

Neseis (Physonysius) molokaiensis Usinger (pl. 12, C).

Last Nymphal Instar. Body form very broadly oval, almost round, only moderately
attenuated in front. General color of head, thorax, and appendages fulvous or lighter
marked with dark brown, the abdomen pink, spotted with white.

Head over half again as broad as long, 19:12; anteocular portion as long as an eye,
5:5; eyes less than hali as wide as interocular space, 4.5:10; upper suriace entirely
smooth. Epicranial arms sinuate near inner posterior margins of eyes. Antennae about
half again as long as width of head, 30:19; segments one to four 4-8-8-10. Rostrum
reaching middle coxae; segments one to four 7-5-4-5.

Pronotum strongly transverse, over twice as broad as long, 29: 11, the sides strongly
convergent anteriorly and rounded near antero-lateral angles. Lateral margins strongly and
rather broadly flattened. Mesonotal pads very narrowly but sharply reflexed laterally
just before extreme edge.

Head fulvous to ochraceous with dark brown arms at sinuations, base of head lightly
at middle and darker on either side on vertex except under eves. Pronotum ochraceous
with dark brown callosities, testaceous lateral lamellae, and white longitudinal line at
middle, this last extending and widening posteriorly through metanotum. Meso and meta-
nota dark brown, the wing pads variegated with ochraceous near the base and obliquely
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subapically. Abdomen pink with numerous white spots, the scent glands surrounded by
black. Under side of head brown with anterior portion and stripes from point of insertion
of antennae to posterior margin pale. Thoracic pleura dark brown to black except laterally,
the lamellate areas of pronotum and wing pads brown beneath with pale edges. Venter
pink and white with black at points of insertion of trichobathria. Genital segments and
the two ventral abdominal segments in front of these black. Antennae yellowish-ochraceous
with distinct dark brown annulations anteriorly on first segment, basally and subapically
on second and third segments and brown except basally on fourth segment. Rostrum
black at extreme apex. Legs pale, the femora, excepting anterior femora, broadly brown
on distal half except narrowly at apices. Tibiae narrowly brown at base and broadly
ringed at middle.
Size: length 3.38 mm.; width (head) 1.04 mm., (abdomen) 2.33 mm.

Collected on Freyeinetia vines (ieic) on the Mapulehu-Punaula Ridge,
Molokai, Aug. 15, 1936 (R. L. U.).

Neseis oahuensis Usinger.

Copulating pairs were collected on Boehmeria grandis along the Manoa-
Palolo Ridge on the trail to Mount Olympus, Oahu, at about 2,000 feet. Eggs
laid when the pairs were taken to the lowlands hatched in 12 days.

The egg is subeylindrical, slightly tapering at its posterior end, and is
three times as long as its greater diameter. It is pale testaceous or almost
water white and shining posteriorly and is tinged with fulvous anteriorly. The
chorion has a few small but distinct wrinkles toward the micropylar end as
well as six very prominent circularly arranged processes. Size: length 1.44
mm. ; width 0.48 mm. ; depth 0.52 mm.

First Instar. Head and thorax shining black. Abdomen orange. Legs and antennae
water white, the latter distinctly pilose. Size: length 1.16 mm.; width (head) 0.5 mm.,,
(connexivum) 0.56 mm.

Neseis (Trachynysius) fulgidus Usinger (pl. 12, E).

Iast Nymphal Instar. Body form relatively short and broad. General color ochraceous
to fulvous with brown markings and a varying amount of red.

Head ahout one third broader than long, 15:11.5; anteocular portion a little longer
than an eve, 6:5; eyes less than half as wide as interocular space, 3.5: 8; upper surface
finely rugose; epicranial arms sinuate behind obliquely anteriorly divergent, sublateral
glabrous areas. Antennae about half again as long as width of head, 23:15; segments one
to four 3-6-6-8. Rostrum distinctly surpassing hind coxae, reaching to posterior margin
of first abdominal segment ; segments one to four 9-9-7.5-6.5.

Pronotum very broad, half again as broad as head, 21: 15; shorter than head, 9: 11.5;
the sides strongly lamellately expanded, rounded anteriorly and feebly divergent posteriorly.
Mesonotal pads likewise rather broadly expanded laterally, not or scarcely reflexed, and
rather evenly arcuate. Pro and mesonotal disks at least partially, finely, transversely
rugose,

Head very pale brown with darker brown in sutures surrounding tylus, on glabrous
sublateral areas and two anteriorly divergent lines extending anteriorly from base of head
between epicranial arms. Juga with very obscure, oblique stripes. Ocelli indicated only
by two pink spots. Eyes red. Pronotum pale fulvous with brown callosities and white,
subhyaline lamellae at sides. Mesonotum reddish brown, the wing pads fulvous with brown
laterally at base and at apex; lamellate margins white at middle. Metanotum white at
middle and brown laterally on exposed portions of wing pads. Upper surface of abdomen
white basally and pink with white spots posteriorly, the scent glands narrowly margined
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with black and genital segments black. Under surface pale ochraceous to white, the head
marked with brown on either side of white rostral groove to sublateral longitudinal sutures
but pale at base of this area and brown laterally along posterior margin. With a brown
spot behind insertion of antennae. Thoracic sterna and pleurities adjacent to coxae white,
with single broad oblique longitudinal brown stripes on pro and mesopleura becoming
double on metapleura. Venter pale at middle and suffused with pink and white-spotted
laterally, with broad brown vittae at middle of posterior segments and with black points
marking the insertion of trichobothria.

Antennae ochraceous with brown anteriorly on first segment, basally and subapically
on second segment, basally on third segment, and on apical half of fourth segment. Ros-
trum pale with black apex. Legs white with femora infuscated subapically, tibiae infus-
cated at middle and apically and tarsi brown at least apically.

Size: length 2.77 mm. ; width (head) 0.83 mm., (hemelytral pads) 1.38 mm.

Collected on Pipturus albidus at Punaluu, Oahu, March 1, 1936 (R. L. U.).

Neseis (Trachynysius) nitidus pipturi Usinger.

Last Nymphal Instar. Body form rather broad but elongate-oval. Color rather uni-
formly yellowish-ochraceous with a few brown marks. Head almost as long as broad,
16:17.5; the anteocular portion over one half longer than an eye, 8: 5; frons with a white
longitudinal line at middle, interrupted anteriorly and then continuing along middle of
tylus, with a white spot adjacent to inner margins of eves anteriorly extending as a very
fine, irregular line posteriorly through each ocellus. Juga variegated with white above.
Antennae a little longer than width of pronotum, 28: 25; over half again as long as width
of head, 28:17.5; proportion of segments one to four 4-7-7-10. Rostrum exceeding pos-
terior coxae and reaching well onto second abdominal segment, the first segment almost
reaching base of head; segments one to four 11-11-11-9.5.

Pronotum over twice as broad as long, 25: 11.5; broadly lamellately expanded laterally
and immaculate or lightly embrowned over callositics. Mesoscutum scarcely brown near
middle. Wing pads infuscated laterally at about basal third on inner margins near base,
and at apices. Abdomen with an occasional white spot above, the margins of glands nar-
rowly brown or black and genital segments dark.

Antennae pale with brown apically on first segment, brown rings basally and sub-
apically on second and third segments and dark brown on apical three fourths of last
segment. Rostrum pale except for brown labrum and brown apical two thirds of fourth
segment. Under surface almost entirely immaculate, the head sometimes faintly embrowned
laterally in front and behind and the propleura lightly infuscated. Venter sometimes indis-
tinctly marked with white. Legs pale, the femora faintly ringed with brown subapically ;
tibiae feebly infuscated at middle and apically and at least the apical half of second tarsal
segment fuscous.

Size: length 4.27 mm. ; width (head) 0.972 mm., (wing pads) 1.83 mm.

Collected on Pipturus at Kilauea, Hawaii, Aug. 19, 1935 (R. L. U.).

Neseis (Trachynysius) fasciatus fasciatus Usinger (pl. 12, D).

Last Nymphal Instar. Body form rather broadly elongate-oval and brightly colored
with testaceous, brown and red. Antennae about as long as width of pronotum, 24: 24; and
one third longer than width of head; segments one to four 3.5-6.25-6.25-8.5. Rostrum
scarcely surpassing middle coxae, the first segment not nearly reaching base of head;
segments one to four 7-6-6-6.5.

Head almost half again as broad as long, 18:13; eves less than half as wide as inter-
ocular space, 4: 10. Pronotum almost two and one half times as wide as long, 24: 10; sides
strongly lamellate and arcuate throughout.

Color pale vellowish-ochraceous more or less spotted with reddish throughout. Head
with a white median, longitudinal line on frons extending nearly to base of tylus and with



152 Bernice P. Bishop Museum—~Bulletin 173

narrowly white along inner margins of eyes, the epicranial arms angled near eves: with a
broad, oblique, brown mark on either side, extending from epicranial arms to posterior
margin, with anteriorly divergent brown lines on either side of middle extending from
base to about middle of frons, and with a posteriorly directed, inverted Y-shaped brown
line extending from base of tvlus and almost meeting these. Brown at lateral angles of
epicranial arms and along antero-lateral margins of juga., First antennal segment with a
brown ring on apical half, second and third with brown rings basally and subapically, and
fourth pale on basal fourth and brown apically. Rostrum pale except for apical threa
fourths of last segment. Pronotum with a white median longitudinal line and dark brown
on either side extending from anterior margin just behind eyes posteriorly and medially,
and second pair arising from the middle of these and likewise extending towards the
middle and a little farther backwards, with an ill-defined brown area behind this. Margins
pale, almost hyaline,

Mesonotal disk variegated with brown, the wing pads with an oblique, variegated,
broad brown fascia extending from just behind antero-lateral angles to inner anterior
angles and brown at tips.

Abdomen above with numerous white spots on the otherwise cream-colored or red-
dish background, the scent glands narrowly surrounded with fuscous and genital segment
almost black.

Under surface in great part pale with a pair of brown spots beneath the head both
anteriorly and posteriorly, Thoracic pleura brown just above coxae, interrupted with
oblique pale areas. Femora brown at least on apical half, tibiae ringed with brown a little
before middle and apical half of second tarsal segment brown.

Size: length 3.44 mm.; width (head) 1 mm., (wing pads) 1.8 mm.

Beaten from Pipturus at Kilauea, Hawaii, Aug. 19, 1935 (R. L. U.).

Nysius terrestris Usinger.

This species occurs in great numbers in company with Nysius dallasi on
Portulaca oleracea. 1 found the two species in great abundance in the dense
growth of Portulaca which completely carpets large areas of ground on Manana
Island. Thirty-seven copulating pairs were counted, and no crossing of the
two species was observed.

Near the beach at Mapulehu, Molokai, a similar situation was observed,
thousands of bugs running about on the plants and on the ground beneath.
Nymphs from first instar (pink or red in color) to large last instar crowded
and tumbled about in the dry dirt. Copulating pairs were isolated in vials with
plant material and dirt. On August 17, 1936, several perfectly typical Nysius
eggs were found glued to the surface of the glass vial with dirt particles adher-
ing to them, forming a protecting or concealing cover. These eggs hatched on
August 23, giving an incubation period of six days.

Nysius rubescens White (pl. 12, F).

Last Nymphal Instar., Body form elongate-oval, more attenuated anteriorly. General
color dark fuscous with pale spots and markings on head and thorax and brownish-
ochraceous with a reddish tinge on abdomen.

Head one seventh broader than long, 16: 14; anteocular portion almost half again as
long as an eye, 7: 3; eyes less than half as wide as interocular space, 3.5: 9; epicranial arms
scarcely sinuate near the eyes. Antennae slightly less than twice as long as width of head,
29:16; segments one to four 4-8-7-10.
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Pronotum twice as broad as long, 20: 10; one fourth broader than head, 20: 16; and
about one third shorter than head, 10: 14; disk strongly rounded at the sides, the lateral
margins minutely carinate but not at all lamellately expanded. Hemelytral pads likewise
non-lamellate, only narrowly pale margined, and convex.

Color of head and thorax dark fuscous, spotted with pale, the head with a pale line
on tylus and two sinuous longitudinal pale lines on either side of head near the eyes.

Pronotum with black callosities, slender white line along middle extending to hind
margin of mesonotum, and with narrowly pale lateral margins. Fyes reddish. Abdomen
brownish-ochraceous tinged with reddish. The scent glands narrowly surrounded with
black and genital segments black. Under surface of head and thorax black, at least
laterally.

Venter in great part pale with black spots at insertions of trichobothria and with
genital segments black. Antennae dark brown to black except narrowly at apices of second
and third segments. Rostrum black at least at apex. Femora black with white at apices,
tibiae brownish with paler bases and apices, apical tarsal segments infuscated.

Size: length 3.44 mm.; width (head) 0.88 mm., (abdomen) 1.61 mm.

Collected on Faccinium (ohelo) at Kilauea, Hawaii, Aug. 14, 1935

(R L 1)
Key ro SomeE Nymreus o Hawarrany OrSILLINTg

1. Head with at least two complete, anteriorly divergent, longitudinal, black or white
fasciae sublaterally near the eyes. Genus Nysies. .o 2

Head black or white-marked but with only a short, incomplete spot or stripe on

either side along inner margin of epicranial arm near eyes and often with the
INNEEsHEpes intomplete o WantnD s i R A R A 3

2. Disks of head and thorax in great part fuscous with white spots. Sides of prono-
tum and hemelytral pads laterally scarcely lamellately expanded, very narrowly

BATE - sy o R R N e S S R Nysius rubescens White.
Disks of head and thorax in great part longitudinally alternately striped with
fuscous and white, the fuscous areas more or less spotted with white. Sides of
pronotum and hemelytral pads broadly, lamellately expanded and broadly pale

_____________________________________________ Nysius coenosulus Stil.
3. Epicranial arms scarcely sinuate near inner, posterior angles of eyes. Head very
long, broad and convex in front of the eyves. Pronotum and hemelytral wing pads
roundly convex, abruptly depressed and narrowTy lamellate at sides. Genus

Oceanides ... o . l ) 4
Epicranial arms (llstmctl} sinuate near inner posterior angles o{ eyes. Head eft(m
subflattened above and always less convex anteriorly. Pronotum and hemelytral
wing pads much flatter, the sides often strongly lamellately expanded. Genus

INEEBEE. .. oo oocoreerecasssosssogmmer e senac eSS SRR et SRS SR ST S R 6
4. Head, pronotum and mesonotum, including hemelytral pads, entirely black except
for narrow lamellate margins... N ..Oceanides nubicola (Kirkaldy).

Head and thorax above, light brown w1th darkcr markmgs
5. Color pale fulvous with darker brown on base of head, callosities, and hemeh'tral
pads apically. Size small, 3.27 mm. in length....... Oceanides membranaceus Usinger,
Color darker brown with pale spots on pronotum and mesonotum and dark brown
to black callosities and hemelytral pads apically. Size larger, 472 mm.
....................................... Oceanides nimbatus (Kirkaldy).
6. Head and thorax brown, entirely pale spotted or streaked, the head ivory-white
with distinctive longitudinal brown markings. Hemelytral pads neither lamel-
lately expanded nor sublaterally impressed
............................................................................ Neseis (Icteronysius) maculiceps Usinger.
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Head and thorax otherwise, the hemelytral pads clear and immaculate at middle,
the lateral margins either lamellately expanded or sublaterally impressed.............. 7

Body very broad, particularly posteriorly, two thirds as broad as long, the hemely-
tral pads distinctly, suhlatcra}l) impressed
_Negeis (Physonysius) molokaiengis Usinger.

Body more slcnder about haIf as Wlde as lorlg the hemelytral pads distinctly

=~

expanded. Neseis subgenus Trachynysius... il Al s < e W
8 Rostrum short, not reaching posterior COXAE......ommirmrncnencs fasciatus Usinger.
Raostrum longer, exceeding posterior coxae 9
9. Body short, broad, and subflattened above, only twice as long as broad, the head
only indistinctly marked with brown. Size small, 2.77 mm. . fulgidus Usinger.
Body longer and more slender, over twice as long as broad, 77: 33. Color very pale,
the head with ivory-white markings. Size larger, 4.27 mm........... pipturi Usinger.

NATURAL ENEMIES

Orsillini have no visible means of defense save their obnoxious odor, and
hence have many potential enemies in Hawaii—birds, toads (Bufo marinus),
frogs, skinks, geckoes, spiders, predaceous Hemiptera, hymenopterous and
dipterous parasites, insect-storing larrid wasps, and the Pheidole ant—only a
few of which are really effective. Native birds have become so rare in the high-
lands that they cannot be of much importance now, although they may once
have consumed Orsillini in some numbers, This is less true of lowland birds
such as the introduced mynah bird. Frogs are largely confined to water, and
the toads, skinks, and geckoes, although feeding extensively on invertebrates
in the lowlands, have not been observed frequenting the particular places where
Nysius occur. Native and introduced spiders must consume large numbers of
Orsillini. Predaceous bugs include the ubiquitous Nabidae of lowland and
highland, the highland endemic Anthocoridae, Physopleurella, Poronotus,
Lashiochilus, and Lilia, all of which are too rare to reduce orsilline populations
greatly, and the common Orius persequens White of the lowlands. This last
is certainly one of the principal predators, attacking young nymphs in par-
ticular on a wide variety of lowland weeds. The recently introduced Geocoris
(Usinger, 1936) may be important locally, as I found punctipes abundant on
Portulaca plants with Nysius dallasi and terrestris on Manana Island. Zelus
renardii Kolenati and various Emesidae such as Empicoris rubromaculatis
(Blackburn) doubtless eat Nysius at times, but I have never observed them
doing so.

Of the numerous introduced and native hymenopterous egg parasites re-
corded from Hawaii, only a few species, mostly scelionids with one mymarid,
have been reared from bug eggs. Of these only Telenomues vulcanus Perkins
was actually reared from the eggs of Nysius (probably delectulus) in the
flower heads of Dubautia at Kilauea (Swezey, 1929). Much remains to be
done in rearing parasites from the eggs of native insects, but these parasites
are probably not an important factor in keeping down Orsillini in the Hawaiian
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islands. T have reared many eggs of various species without getting one
parasite.

Another possibly more important hymenopterous parasite of Orsillini in
Hawaii is the larrid, Silaon rohweri Bridwell (1920), a minute wasp which
nests in emergence holes of cerambycids, storing these with Nysius. As these
observations were made on Ewa Coral Plain, it seems probable that the N ysius
is either terrestris, dallasi, coenosulus, or nigriscutellatus or perhaps all of
these. The larrid is presumably of American origin and has been reported from
Oahu, Maui, and Molokai. Bohart and MacSwain (unpublished ms.) observed
in California unidentified larrids storing large numbers of Nysius minutus
Uhler, especially in the nymphal stages, and apparently capturing no other
insects.

The only internal dipterous parasite reared from Nysius to date is the tachi-
nid, Phasia occidentis Walker, studied by Milliken and Wadley (1923). This
was reared from the false chinch bug, Nysius ericae (Schilling) in Kansas. Of
a population of 220, 7.7 percent was parasitized, the parasites mostly attacking
the females.

The aggressive lowland ant, Pheidole megacephala (Fabricius), has proved
to be an enemy of most endemic insects, driving all but the sturdiest or most
resistant before it. Pheidole extends over the entire strand and lowland zones
and even into portions of the lower forest. It may be responsible for the
absence of Oceanides and Neseis in the rare patches of endemic lowland forest
where, with few exceptions, only cockroaches, Siphanta acuta, and other intro-
duced insects are now found. By their large populations in the lowlands,
typical Nysius show every evidence of successfully competing with Pheidole
ants. The success of Nysius species in the lowlands may be due to their ability
to conceal their eggs, to the repellent effect of the scent glands of the nymphs
and adults, or to some factors entirely unknown to us as yet.

In conclusion it may be said that Hawaiian Orsillini are remarkably free
from effective natural enemies. The predatory Orius persequens White and
the nest-storing Silaon rohweri Bridwell are effective only in the lowlands,
where Nysius is able to build up to tremendous populations.

ECONOMIC IMPORTANCE

At least two species of the genus Nysius are notorious pests of agricultural
crops. The Rutherglen bug (Nwysius vinitor Bergroth) of Australia (Smith,
1927), the false chinch bug (Nysius ericae Schilling) of Europe and North
America (Milliken, 1918), and the minute false chinch bug (Nwysius minutus
Uhler) in the western United States (Fssig, 1926) attack cultivated crops.
The bugs build up to large populations on weeds and then turn to cultivated
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fields in the vicinity when their normal hosts become incapable of supporting
their increased numbers.

An excellent summary of damage by species of Nysius to agricultural crops,
compiled largely from records in the “Review of Applied Entomology” is given
by Evans (1936). He records H. binotatus Germar on fruit, especially on
peaches, and on potatoes in South Africa: N. clevelandensis Fvans on fruit
and vegetable crops, tobacco and cotton in Queensland ; N, delectius White on
tobacco in Hawaii; N. ericae Schilling on fruit and vegetable crops in the
Palaearctic and Nearctic regions; N. graminicola Kolenati on cotton in the
southern Palaearctic region; N. huttoni White on lucerne in New Zealand :
N. inconspicuous Distant on tea in Malaya; N. minutus Uhler on peach and
apricot trees, potatoes, and flax in the western United States; N. senecionis
Schilling on vines in Furope and northern Africa; N. turneri Evans on vege-
table crops and ornamentals in Tasmania: and N. tinitor Bergroth on fruit
and vegetable crops, tobacco, and cotton throughout Australia.

Dr. Walter Carter tells me that he found N. nemorivagus White in great
numbers at Parker Ranch, Waikii, Hawaii, where it caused wilt and collapse
of potato plants. T found thousands of specimens of this same species at Waikii
on amaranth in 1935 and it seems reasonable to assume that the bugs turned
to potatoes from such weeds.

The various methods of mechanical and chemical control which have proved
most successful were summarized by Knowlton (1934).

An interesting relationship between Nysins bugs and Euphorbia plants has
been recorded by Lafont (1910) and others. It has been shown that Nysius
euphorbiae Horvath transmits a protozoan, Leptomonas davidi, from the latex
of one Euphorbia plant to another. Latex samples from various native euphor-
bias in Hawaii were examined microscopically but no Leptomonas was found.

Considering the potentialities of Nysius as pests, the scarcity of records of
damage in Hawaii is remarkable. Nysius coenosulus occurs in countless num-
bers in old pineapple fields taken over by Erigeron but, possibly due to the
presence of green weeds throughout the year, the various Nysius species,
although among the commonest of Hawaiian insects, have not become serious
pests here.
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BIONOMICS®

A flood of light may be thrown on the theoretical problem of the origin of
species by the study of the probable origin of species with which we may be
familiar, or of which the actual history or the actual ramifications may in some
degree be traced—Davip Srarr Jorpan (1905).

The interpretation of the descriptional and observational data on the species
of Orsillini occurring in the Hawaiian islands involves some of the most funda-
mental principles and questions in modern biology. Why, for example, do we
find more species of Orsillini within the limits of the Hawaiian Archipelago
than are known to occur in all the rest of the world? How does it happen that
many of these have no close relatives elsewhere in the world?

If inordinate proliferation of species in insular areas occurred only occa-
sionally in a small number of plant and animal groups, it should warrant but
little special attention. But more thorough exploration and the application of
more refined methods of analysis bring up many examples of insular speciation.
Particularly noteworthy in the birds are the Geospizidae of the Galapagos
(Swarth, 1931) and the Drepaniidae of Hawaii (Henshaw, 1902), in the land
shells the Achatinellidae and Amastridae of Hawaii (Gulick, 1905, Pilsbry,
Cooke and Hyatt, 1911), the genus Partula of Polynesia and Micronesia
(Crampton, 1917, 1925, 1932), and the genus Bulimulus of the Galapagos
(Dall, 1896) as well as a number of plant and insect genera. Hence it seems
certain that we are dealing with a fundamental evolutionary process. An
attempt will be made to analyze this process in the following pages.

CHARACTERISTICS OF THE LENVIRONMENT
ORIGIN

The Hawaiian archipelago is clearly voleanic in origin with subsequent or
coincident coral formation in some areas. Some geologists maintain that the
islands are as recent as Pliocene or even Pleistocene, having arisen as volcanic
cones from the bottom of this deepest portion of the Pacific. Gregory (1930)
speaking as a geologist and Pilshry (1916) and Campbell (1933) dealing with
the land shells and plants respectively, advocate a tremendous Pacific continent
or at least land connections to the southeast. An even earlier, Cretaceous origin
has been postulated, largely on the basis of the known age of the nearest main-
land relatives of the peculiar families of land shells.

I discard the minority opinion of the “Pacific continent” advocates because
it raises more problems than it solves, and instead, adopt the “stepping stone”
hypothesis. According to this view, migration takes place by short jumps from
island to island along the chains or arcs which run in a northwest-southeast
direction across portions of the Pacific basin. That many such island chains

2“The science that treats of the origin of organic types and of the relations in which they stand to
each other and to the physical environment.” (Gulick, 1905, after Lankester, Encyc. Brit,, 9th ed.)
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might have come and gone during the history of the Pacific is suggested by
the number of isolated shoals and reefs which are scattered here and there,
sometimes surrounded by depths of nearly 15,000 feet. Along such chains
during periods of elevation, interisland communication must have taken place
with great frequency.

The main Hawaiian chain forms a more or less orderly progression in
point of age from east Hawaii which is youngest with active volcanoes at the
present time, to Kauai, the oldest and most isolated of the entire group. To
the northwest, the extensive chain of leeward islands decreases progressively
in elevation and changes from volcanic rock to coral. These islands were prob-
ably at one time high and eventually, either by subsidence or weathering, were
reduced to their present levels, subsequent coral formation and fluctuations in
sea level resulting in the coral islands or reefs of the present day. A few
endemic birds, plants and insects of Nihoa, Laysan and other islands, and an
endemic Rhyncogonus weevil on remote Wake Island present the only evidence
of an early leeward island biota. The leeward islands, as well as the Microne-
sian islands, show evidence of tremendous changes, so that their ancient biotas
would certainly have been wiped out. Their present fauna, then, must have
arrived relatively recently from neighboring land areas and, but for the few
endemics mentioned above, the fauna actually consists of widespread immi-
grants characteristic of all the coral islands of the Pacific.

It is the ancient leeward chain of high islands which is of importance as a
migration lane for the endemic Hawaiian biota. Such a circuitous route would
eventually link Hawaii by way of former Micronesian islands, with New
Guinea and all of its interrelated or once connected regions such as Australia,
New Caledonia and New Zealand, thence, perhaps, to Antarctica and around
to Juan Fernandez. The truly oceanic south and central Polynesian islands
were doubtless populated in a similar fashion along chains of islands and from
the same original source, but, as suggested by most students of the problem,
along different and more direct routes via Fiji, Samoa, Tuamotus, Australs,
and other island chains. This accounts for the similarity between the animal
and plant groups of Hawaii and those of Australia, New Zealand or Juan
Fernandez through community of origin, vet provides a reasonable explana-
tion for the complete absence of many groups, such as the Orsillini, from
southeastern Polynesia, the very islands where they would be expected to occur
had the fauna of Hawaii been derived directly from the southwest,

PHYSICAIL CONDITIONS

On the main islands of the Hawaiian group, many physical conditions are
found: elevations from sea level to almost 14,000 feet; temperatures from 85
to 90 degrees F. in the lowlands to well below {freezing on the top of Mauna
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Kea, which is snow-capped in the winter and bears unmistakable moraines
and striae of glaciers; yearly rainfall from less than 20 inches to more than 500
inches on Mount Waialeale; edaphic conditions ranging from limestone so
recent and hard that it clinks under foot, through equally hard, smooth pahoe-
hoe or unbelievably rough aa lava, to the rich humus of the rain forest floor
and finally to the bog swamps on the high plateaus of Maui, Oahu, and Kauai;
and wind conditions varying from the northeast slopes which are constantly
exposed to the trade winds to the stifled heads and pockets of valleys on the
leeward sides of the islands.

Despite the great variety over the islands as a whole, there is a remarkable
uniformity of conditions in any particular repeated ecological niche, so that
identical physical conditions usually can be found in spots on each of the main
islands.

BIOTIC CONDITIONS

On oceanic islands the general characteristics of the flora and fauna may be
more important than the physical conditions in directing the course of evolu-
tion of specific groups. This is due to the depauperate biota of such regions,
a condition which Gulick (1932) has termed “disharmonic” because entire
groups of plants and animals may never have reached such remote shores.
However, in the very old Hawaiian islands, plants and animals have had suffi-
cient time to thoroughly occupy all available ecological niches, achieving a
superficially harmonic condition. This is particularly true of plants, as animals
may be scarce in some habitats such as fresh-water streams, soil or on many
plants. Competition in some of these situations is reduced to a minimum, so that
an immigrant insect suited to the local conditions may live and breed uninter-
ruptedly and increase to the limit of its available food. That such an increase
does not occur among endemic insects of the highlands, despite the absence of
apparent enemies, indicates that decadence may come about under such condi-
tions and result in so-called relic groups. Tt is not surprising, then, that new
immigrants from highly competitive mainland areas, when accidentally or pur-
posely introduced into oceanic islands by man, are found to displace the insular
forms.

A tremendous biological upset has occurred in the lowlands of most oceanic
islands. There is good reason to believe that in the Hawaiian islands the entire
area from sea level to an altitude of approximately 2,000 feet was once covered
with a rich, endemic, lowland forest. Today the region mainly supports culti-
vated crops and immigrant species which have run wild. This change was the
result of accidental and deliberate introductions of plants by the Polynesians
and white men, of fires and clearing operations, and of the introduction of
domestic animals brought by them. The original flora has been wiped out
almost completely, with only a few remaining patches of lowland forest which
support the endemic fauna. These resistant natives may be relatively recent
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immigrants in the sense of geologic time, as they belong to widespread genera
which have not vet lost their ability to compete with foreign invaders.

CHARACTERISTICS OF THE Bucs

A few special characteristics of orsilline bugs make them particularly likely
to succeed in island colonization.

ADAPTABILITY

Some members of the tribe Orsillini can flourish under almost any natural
condition. Oceanides and Neseis, however, have lost much of the plasticity
and adaptability which they probably had at one time, and are now restricted
to narrow zonal and host ranges.

DISPERSAL

The presence of Nysius on most islands is mute evidence of their dispers-
ability, This may be due in part to their volability, but probably should be
attributed to the high ratio of surface area to body weight and to their ability
to withstand the adverse conditions of wind transport. Even with ordinarily
strong winds in Hawaii, Swezey (1939) and I have seen thousands of lowland
Nysius congregating on high ridges, having been blown up and left stranded
far from their accustomed food plants. Such flights of individuals are alwavs
composed of the dominant typical Nysius, the species of which occur commonly
on several of the islands. Members of Oceanides and Nescis, on the other
hand, stay close to their food plants and do not appear to be caught up by the
winds. The only species of these endemic genera which occur on more than
one island are Oceanides nimbatus Kirkaldy and Neseis saundersianus Kirk-
aldy, both very large and possibly the strongest fliers of the entire Hawaiian
orsilline fauna.

HOST AND ISLAND SPECIFICITY

In contrast to the restriction of the species of Oceanides and Neseis to par-
ticular islands and host plants, species of Nysius are mostly widespread in the
Hawaiian archipelago and occur on a small variety of introduced weeds or
modern groups of endemics. Of greatest interest. however, is the intimate
association between phylogenetic groups of Neseis and Oceanides and par-
ticular families or closely allied groups of plants. This results in geographical
replacement due to the complete isolation of natural populations of the insects
of separate islands of the archipelago. All stages in the process of divergence
may be seen at the present time. Thus the various species in the endemic genera
fall into a series, ranging from (1) the widespread and variable Oceanides
nimbatus, not yet broken up into distinguishable forms on the various islands,
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through (2) the scarcely differentiated Neseis saundersianus, to (3) the “poly-
typic species” (Huxley, 1938) or “Rassenkreis” (Rensch, 1929) Neseis niti-
dus, then to (4) the “supra-species” (Huxley, 1938) Neseis hiloensis (at least
as regards the Molokai and Oahu forms), and finally to (5) that which Hux-
ley (1938) has called a “geographical subgenus” and Rensch (1929) has
called an “Artenkreis”, namely the Neseis mauiensis and fasciatis group with
allied species on the older islands.

TvoLuTION

The endemic genera Neseis, Oceanides, and Glyptonysins probably mi-
grated down the long series of leeward islands before the main islands of the
present day were built. They must have arrived not later than earliest Tertiary
times as judged by mainland evolutionary rates, or perhaps later than this con-
sidering that evolution has taken place in the absence of severe competition. It
is difficult to say whether a single stock similar to present-day Nysius arrived
and evolved the very special and peculiar characteristics common to these
genera, or whether one or more representatives of a then widespread type
arrived and were subsequently replaced in mainland areas by the now dominant
genus N ysius.

The early members of the Neseis stock doubtless preferred endemic plants
of the family Urticaceae or later became restricted in great part to this group of
plants. Similarly, the Oceanides stock became attached to rubiaceous and
euphorbiaceous plants and a few others of this general type.

With insular isolation and marked host preferences the stage was set for
speciation. A considerable mutation pressure was greatly increased in effec-
tiveness by low environmental resistance. At the same time and opposed to
mutation pressure, the effect of the scattering of variability during reproduc-
tion, with its tendency towards homozygosity (Dobzhansky, 1937; Wright,
1931, 1932) was avoided by the unusual degree of isolation. A gravid female
blown to a neighboring island would build up an independent small population.
Under such circumstances Wright has shown that particular genes will tend,
merely by chance, to become either fixed or lost. This is in marked contrast to
the equilibrium of variability maintained in very large populations.

Given a large number of isolated populations, so derived, there would follow
mutations of varying magnitude which eventually must have included physio-
logical isolating mechanisms, because we now find such species as nitidus and
hiloensis, obviously monophyletic, coexisting and vet maintaining their distinct-
ness. In this manner, island after island has been populated by the various
types of Neseis and Oceanides. Secondarily, and apparently after the present
islands of the main group were formed and isolated, certain of these species,
notably nitidus, hiloensis and the maniensis-fasciatus group, broke up. This
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may have occurred either by the breakup of a single population which occurred
on all of the islands, or by migration from island to island. The latter alterna-
tive appears more plausible, because hiloensis never reached Kauai, although it
occurs in company with nitidus on each of the other islands. The species then
proceeded to diverge, reaching varying degrees of differentiation, the extent of
which cannot be determined without breeding experiments.

Typical Nysius is represented by more divergent species and greater variety
of forms in Hawaii than in any other equivalent area. This cosmopolitan genus
may have arrived at a later date than the endemic genera discussed above. It
seems likely that its representatives arrived at different times or possibly
at the same time from different mainland stocks, because the species vary
in their characteristics from the unique N. abnormis to such typical species
as N. terrestris and N. nigriscutellatus that differ from mainland species only
in trivial details. They are found on native species of Compositae, Gramineae
and Portulacaceae, the same groups of plants on which their congeners are
found throughout the world. Each species must have built up enormously in
numbers and acquired a greater range of variability through increased survival
of mutant forms and partial isolation. Most of them remained as single species
due to their inherent ability to travel from island to island. The entire archi-
pelago from sea level to mountain tops was soon invaded, the various forms
competing with both the decadent endemics and the introduced forms already
inhabiting these regions. A few species of Nysius became localized on par-
ticular islands and plants, but most of them remained tolerant although showing
marked host preferences. The most recent invader, N. fullawayi, is even now
moving slowly down the leeward chain where it exhibits bewildering variation.

After the arrival of man, Neseis and Oceanides retreated from vr died out
in the lowlands, and are now making a last stand in the highlands, with many
other relics. Nysius, however, are still sufficiently adaptable to thrive, having
withstood all newcomers including the predatory ants. As their native plant
hosts disappeared or were replaced by weeds in the lowlands, these bugs turned
to new hosts, such as Erigeron, which are probably similar to the host plants
in their original home.

The conclusion seems inevitable that geographical isolation or host isolation
or both may be sufficient to set in operation the processes of species formation,
while the biotic environment plays an all important role in determining the rate
and limits of this evolution, A disharmonic insular area with great gaps in its
environment allows many non-lethal mutations to persist, whereas a fiercely
competitive mainland environment rigidly rejects all but the best adapted, thus
favoring adaptive evolution by natural selection.

What is now needed is not so much general, or even special collecting of

existing forms, as years of experimental work in breeding a well selected series
of animals in the field—Perxixs (1913).
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abnormis 112
alternatus 76
ampliatus 51
approximatus 70
arboricola 41
atralis 99
bhimaculatus 37
blackburni 99
brachypterus 36
brunnealis 99
bryani 28
chenopodii 97
chinai 78
coenosulus 106
comitans 66
communis 110
consummatus 62
contubernalis 61
convergens 81
cryptus 58
dallasi 105
delectulus 107
delectus 108
delicatus 25
dilatipennis 43
fasciatus 80
flavus 94
fosbergi 31
frigatensis 94
fucatus 90
fulgidus 59
fullawayi 92

Glyptonysius 44

* Synonyms, homonyms, and misidentified names are italicized.

SYSTEMATIC INDEX*

haleakalae 52
hiloensis 67
hyalinus 81
hylaeus 44
Icteronysius 82
impressicollis 60
incognitus 35
infuscatus 94
insulicola 63
msulivagus 20
intermedius 71
interoculatus 69
jugatus 68
kamechameha 108
kirkaldyi 54
laevigatus 45
Leionysius 52
lichenicola 98
longicollis 89
maculiceps 84
mauiensis 79
membranaceus 34
mixtus 110
molokaiensis 50
monticola 54
montivagus 21
myopori 26
neckerensis 104
nemorivagus 101
Neseis 46
Nesomartis 113

nigriscutellatus 102

nihoae 103

nimbatus 32
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nitidus 60
nubicola 27
Nysius 84
ovahuensis 57
Oceanides 17
ochriasis 83
oresitrophus 40
oribasus 38
pallidipennis 80
pallidus 33
parvulus 30
perkinsi 42
Physonysius 50
picturatus 24
pipturi 65
planicollis 28
psammophila 113
pteridicola 20
rubescens 91
rugosiceps 37
saundersi 74
saundersianus 74
silvestris 77
sinuatus 36
sublittoralis 88
suffusus 96
swezeyi 73
terrestris 95
Trachynysius 55
ventralis 24
wvinitor 105
vulcan 23
whitei 55
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D 3 F G

A, OCEANIDES PTERIDICOLA, FEMALE; B, 0. VULCAN, FEMALE; C, 0. MONTIVAGUS,
MALE PARALECTOTYPE; D, 0. VENTRALIS, FEMALE HOLOTYPE;: E, O. PICTURATUS,
MALE HOLOTYPE; F, O, MYOPORI, FEMALE FARATYPE; G, O. NUBICOLA, FEMALE.



Bernice P. Bismor Musium BurLreErin 173, Prate 2

A, OCEANIDES BRYANI, FEMALE PARATYPE; B, O. DILATIPENNIS, FEMALE PARATYPE;
C, 0. ARBORICOLA, FEMALE; D, O, SINUATUS, MALE HOLOTYPE; E, 0. RUGOSICEPS, MALE
HOLOTYPE; F, O, ORESITROPHUS, MALE HOLOLECTOTYPE; G, 0. ORIBASUS, FEMALE; H,
0. PERKINSI, FEMALE HOLOTYFE.



Berxice P, Bismor Musgvm BULLETIN 173, PLATE 3

A, OCEANIDES FOSBERGI, FEMALE PARATYPE; B, 0. BIMACULATUS, MALE PARATYPE;
C, 0. PARVULUS, FEMALE ALLOTYPE; D, 0. PLANICOLLIS, MALE HOLOTYPE: E., 0.
INCOGNITUS, MALE HOLOTYPE; F, 0. MEMBRANACEUS, FEMALE; G, 0. NIMBATUS,
FEMALE; H, 0, DELICATUS, FEMALE.
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A, NESEIS (NESEIS) KIRKALDYI, MALE: B, N. (ICTERONYSIUS) MACULICEPS, FEMALE:
C, N. (ICTERONYSIUS) OCHRIASIS, FEMALE; D, N. (LEIONYSIUS) PALLIDUS, MALE HOLO-
TYPE; E, N. (LEIONYSIUS) HALEAKALAE, MALE; F, N. (PHYSONYSIUS) MOLOKAIENSIS,
MALE PARATYPE: G, GLVPTONYSIUS HYLAEUS, MALE; H, G. LAEVIGATUS, MALE HOLO-
TYPE; 1, NESEIS (PHYSONYSIUS) AMPLIATUS, FEMALE PARATYPE.
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A, NESEIS (TRACHYNYSIUS) CRYPTUS, FEMALE HOLOTYPE; B, N. (TRACHYNVYSIUS)
FULGIDUS, FEMALE PARATYPE; C, N. (TRACHVYNVYSIUS) OAHUENSIS, FEMALE PARATYPE;
D, N. (TRACHYNYSIUS) WHITEI, FEMALE; E, N. (TRACHYNYSIUS) CHINAI, FEMALE
PARATYPE: F, N. (TRACHYNYSIUS) SAUNDERSIANUS, MALE; G, N. (TRACHYNYSIUS)
SWEZEYI, FEMALE.
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A, NESEIS (TRACHYNVYSIUS) FASCIATUS, FEMALE ALLOTYPE; B, N. (TRACHYNYSIUS)
FASCIATUS VAR, HYALINUS, MALE HOLOTYPE; C, N. (TRACHYNYSIUS) FASCIATUS CON-
VERGENS, FEMALE ALLOTYPE: D, N. (TRACHYNYSIUS) MAUIENSIS VAR. PALLIDIPENNIS,
MALE HOLOTYPE; E, N. (TRACHYNYSIUS) MAUIENSIS, FEMALE; F, N. (TRACHYNYSIUS)
ALTERNATUS, FEMALE HOLOTYPE: G, N. (TRACHYNVSIUS) SILVESTRIS, MALE: H, N.
(TRACHYNYSIUS) HILOENSIS APPROXIMATUS, FEMALE ALLOTYPE; 1, N. (TRACHYNY-
SIUS) HILOENSIS HILOENSIS, MALE; J, N, (TRACHYNYSIUS) HILOENSIS INTERMEDIUS,
MALE PARATYPE: K, N. (TRACHYNYSIUS) HILOENSIS INTEROCULATUS, FEMALE HOLO-
TYPE; L, N. (TRACHYNYSIUS) HILOENSIS JUGATUS, FEMALE,
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E G

A, NESEIS (TRACHYNYSIUS) NITIDUS COMITANS, FEMALE; B, N. (TRACHYNYSIUS)
NITIDUS CONTUBERNALIS, MALE; C, N. (TRACHYNYSIUS) NITIDUS CONSUMMATUS, MALE
HOLOTYPE; D, N. (TRACHVYNYSIUS) NITIDUS IMPRESSICOLLIS, FEMALE PARATYPE; E,
N. (TRACHYNYSIUS) NITIDUS INSULICOLA, MALE ALLOLECTOTYPE; F, N. (TRACHYNY-
SIUS) NITIDUS FPIPTURI, FEMALE, G, N¥. (TRACHYNYSIUS) NITIDUS NITIDUS, MALE.
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A. NYSIUS COMMUNIS, FEMALE; B, N. DELECTULUS, FEMALE ALLOTYPE; C, N.
DELECTUS, FEMALE; D, N. COENOSULUS, MALE; E, N. MIXTUS, FEMALE; F, N. DALLASI,
FEMALE; G, N. NIGRISCUTELLATUS, FEMALE,
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A, NESOMARTIS PSAMMOPHILA, FEMALE; B, NVYSIUS SUBLITTORALIS, MALE; C, N.
LONGICOLLIS, MALE; D, N. ABNORMIS, MALE HOLOTYPE; E, N. FULLAWAYI, MALE; F,
N. NEMORIVAGUS, FEMALE; G, N. FULLAWAYI! INFUSCATUS, MALE HOLOTYPE; H, N.
RUBESCENS, FEMALE; I, ¥N. BLACKBURNI, FEMALE; J, N. TERRESTRIS, FEMALE; K, N.
FUCATUS, MALE HOLOTYPE,
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NYSIUS COENOSULUS: EGG IN PLACE IN A FLOWER HEAD OF ERIGERON CANADENSIS;
EGG GREATLY ENLARGED; FIVE SUCCESSIVE NYMPHAL INSTARS; ADULT, MALE,
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OCEANIDES NUBICOLA: EGGS IN PLACE ON STEM OF MYOPORUM SANDWICENSE; EGG
GREATLY ENLARGED; FIVE SUCCESSIVE NYMPHAL INSTARS; ADULT, FEMALE.
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T S,

LAST NYMPHAL INSTARS: A, OCEANIDES NIMBATUS; B, NESEIS (ICTERONYSIUS)
MACULICEPS; C, N, (PHYSONYSIUS) MOLOKAIENSIS; D, N. (TRACHYNYSIUS) FASCIA-
TUS; E, N. (TRACHYNYSIUS) FULGIDUS; F, NYSIUS RUBESCENS.





